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_package a_re then highlighted. =~ . ?\ o

BLOCK T COMPUTERS IN
MANAGEMEN T - o

Th:s block attempts to grve you an understandmg ofa computer and 1ts drverse appheattons 1n o
management o - o

- First umt mtroduees you to the role of computer- alded decisron makmg in management ofan .
orgamsatron through proper handlmg of 1nformatron Systern and 1ts advantages and limita- -
tions. . : T o

Unrt 2 dleU.SSﬁS the evolutron of computcra and then 1ts oomponents ie Hardware and

' Software ‘At also gives an idea about the classrfrcanon of computers

Umt 3 deals w1th phenomenal growth of mu,ro eomputers Itis followed by an explanatron of

a typical micro-computer, its hardware and the rnost common personal eomputer appllcatrons .
. Major types of software used for management app] 1eat10ns are then described.

Spreadsheet. It then discusses features of a apecrfre SpreadghecWpackage.called LOTUS 1- 2

3 and how probiems can be solvedfmodelled usmg thrs SO package. The capabrhty of
h an illustration. The major features

¢ advantages of using Spreadsheet

Fourth and the last umt of this block begms w1th a desenitton of the: basrc com,ept of a

rnodell ing and sensitivity analysrs aré exemphfred ¢
“are listed and 2 few'! 1mportant ones arc explamed
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UNIT1 _ROLE OF COMPUTERS IN

MANAGEMENT

Ob_]ectlves
After going through this unit you should be able lo

& appreciate the slgmflcancc of computerisation for ctficient mdnagcmcnt decision- makmg
at the corporate level

'@ understand the role of Computer- -aided decision-making in management of an orgamsanon

and advantages and limitations thereof.

Structure

1.1 lmroducuon

| 1.2 Need of Information Hdndlmg

1.3 Levels of Information Handling
1.4  Advantages of Compuierisation

1.5 Approach to Computematlon | _ '
1.6  Strategic issues of Computer-aided Decision- mak

1.7 - Summary y
- 1.8  Self-assessment Exercises '
i.1 INTRODUCTION ;’.

Prof. H.A. Simnon views the computeQMomth great breakthrough in history to aid man
in his thinking process and degj#fyn-maRing ability. The first was the invention of writing
which gave man a memory inp ing mental tasks. The remaining two events prior to the

* computer were the devising of the Arabic number system with its zero and positional notation,

and the invention of analytic geometry and calculus, which permitied the solution of wmplex
problems inscientific theory. Now the electronicdigital computers combine the advantages and
attributes of all these brcaklhroughs and make them available for decision-making and
management of organisations.

1.2 _NEED OF INFORMATION HANDLING

Management Information System (MIS) can be defined, according 10 Joel E. Ross, as a
communication -process wherein information (input} is recorded, stored, proeessed and
retrieved for decisions (output) regarding the managerial process of planning, organising and
controlling. If we now define decision- -making as the process of selecting from among
alternatives a course of action to achieve an objective, the link between information and
decision becomeés clear. Indeed, decision-making and information’ processing are so inter-
dependent that they- become inscparab‘lé, i not._idcnlical, in practice.

Computerlscd MIS cannot technically make a decision but it can yield processed dala and’
follow instructions to the extent of its capacity. For examplc the computer can be properly




| instructed to oomparc mventory levels wrth programmcd ‘decrsron—rules on re-orde
re-order quantity, and generate purchase requisition, purch“ase enquiry and purchase order, This =~

r level and

can resemble an antomatic control of purchase documems, as being done for TISCq (Tata Iron
and Steel Go Lid.} over a long period. :

. The modem role of MIS for managcnal docrsron maklng‘ ina oomplex organrsatlo has been
- compared to that of a military commander. Commanders pften adopt a strategy buift tby direct

observation of parttal situations. This'is the style used by the managers who track operations

by periodic communications with remote sales depots, plant divisions and other offices. For o
. instance, the central marketing organisation of the Steej Authorrty of India Limited (SAIL.) has

to keep track of around 50 sales depots spread al! over I dra for marketrng decrsr -making;

13 LEVELS OF INFORMATION HAN])LING T

.(and other) automation systcm

- an inter-active systemn that provides the user-manager Wi

~ Inputs for DSS canbe some processed data, and ma n

' ~ and raw-data and some mana

| Ina modern oomplexorganrsatron, the Ieveis of mformatzon handlmg can be drvrded decision

support system, management mformatron system, transau'.tron processmg system and offrce' .

At the apex, the top level managers may need decision support system (DSS) Tl:uJ would be o
easy access {0 decisi n-making -
uged decrsron‘mafng tasks.

ement-originated data along with

models and data in order to support semi-structuredand

 some ‘unique models. The DSS would involve Guerds. and responses, operations research
- models, and simulation. The output from DSS

? be special repons to resolve difficult
questions and replres 10 management queri
At the middle management level (if th one), MIS‘ would deal wrlh an organ rsed setof
procedures to provide mformatron@nmdle managers 1o support their operdtions and

riginated data, along with preprogrammed models. The
MIS process would involve repordgeneration data management, simple models and|statistical

- decision-making .vyrthm the o;%?tio At this level, lanllS for MIS would be both processed

* methods. The outputs from MIS would be frltered and screened for semi-routine decisions and - "

rcplres to snnple management querres

E ' At the shop-floor management level, transactlon processmg syslem (TPS) isa comptrter—based
* ‘system that would capture, classify, store, maintain, update and retrieve simple transaction data
for record keepmg and for feeding MIS and DSS. The T?’S would have transaction data as

inputs. The processing for TPS wauld involve classification, oodrfrcanon sortmg,( merging,
addmg, deleting and updatrng Outputs for TPS would bo| detalled reports relating to routine

decisions and processed data. - - LT

At the clerical level, office and other automation control ‘system can be in operau%m Office
automation system (OAS) is simple in an automated offroe having multiple funcudns where
the integrated and computer-aided’ system allows many oﬁfrce activities to be performed with
electronic equipment. The OAS would have inputs such as appointments, documents,
addresses, etc. The OAS processmg would be scheduhng word-procéssor,. data storage and
retrieval. Oulputs from OAS would be schedules, memolJanda bulk mail and admymstratlve '.

reports. . . . \ |
Here we would mainly be concerned with MIS at the corﬁ)orate level.




ActwntyA L S :
Prepare a brief report on the extent of Declsion Suport, Transacuon Proeessmg and OfflCG

' Au{omatlonSystems prevalllug n your orgamsatlon, 111 context of the descrlptlon glven above.

P L I I AT T
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1. 4 ADVAN'EAGES OF COMPUTERISATION

_The' advantages associated with eomputer—based managenal decision- makmg can be the

following: (1) response time is greatly reduced; (2) very large data are stored for information
and: decision-making; (3) accuracy of information is considerably improved, thereby improv- - .
ing the quality of the decision; (4) problems are handied more easily by using various operation

ecrecy is observed as compared 1o, manuat ﬁle syste (7)bility to take quick decision

: 'research models; (5) the cost involved in the decision-m Iﬁprocess is reduced; (6) more

reduced to the minimum as all the. information i 8d in the computer itseif; (9) lots of .

_improves considerably as the time for retriéval o is very.fast; (8) paper work is

_ __attrlbuted to computensatlon
“income; (2) the preparation of

redyced; (11) accuracy in manipulation is in¢ very much, and (12) time spent in various

information are stored for future reference; (lﬁé chartegof leakage of clasified informationare -
‘decision-making actwmes is reduced min

vailability of accurate forecasts within 1'per cent of net

' Emanaung from the above, . theé g benefus for a‘commercial orgameauon can be

between budgeted and actual results; (5) the. trlggermg of revised forecasts if not proceeding

* in accordance with plans; (6) the early waming system for monitoring activities and: the

- signalling of necessary reactive plans; (7) the indication of income and cash flow by following

alternate investment strategies; (8) the assistance- to the planning of new facilities and a host of

' 'spee1al strides, and (9) the acoomphshment of the precedmg jtems at a great speed

Whﬂe TPS has been in use over several decades OAS is coming into pracnoe only now ina
number of oraamsauons The TPS has brought jts own benefits for speedy exection, accurate

performanoe and quite often confidential handling. Such benefits will become ev1dent ifone +

conmders a couple of very common TPS apphcauons

" The flrst is examlnatlon result processmg Wthh the. bulk of Indlan umversmes are 'doing on-
computer today, either with inhouse systcms: or with hired service bureaus The massive nature
of such processing ¢an be visualised by, looking atone State alone, namely, U.P.,where 13 lakh

- candidates go through high school stream and 6 lakhs'through the intermediate streamn in any
single ycar The process mg and publloauon of their re@uits intime would not have been possible '

: rt-term profit plans and long- -term projecuon (3) the .
“provision of pre-plan information in budget preparauon (4) the ‘calculation of variances.




without computerisation, Besides, it is possible to maj
processing. Another app}tcatlon is computerised ele¢
Electricity Boards in India. Under'the computensed 8
for power is mvarlably supported by a b1111ng raised b
1nvanably despatched by computer centre. Both these:
manual system where there is usually little certainty
despatched due to adoption of foul means, In a sin

estimated that the computerisation in the Westemgﬁ

ntam some (.anldentlallty on computer
tuelty billmg adopted by several State

ystem, every meter for light and -fan; or

y.compuier and every such bill is again -

actions guarantee improvement over the

of bills being raised or béing actually
State undertaking like SPSEB it was
P. district for electrlclty billing had3

resulted m a Con51derab1e amount of acldltlonal Teven t,

Advantages of MIS can be mamfold baeause of the aid io hlgher level decnslon-makmg Once

the planning, momtorang, rev1ew1ng and control proce
muItlply several times, over and above the mere shop

are facilitated, the benefits catiliterally-
-floor or clerical TPS applications.

i

Actmty B
‘Based on'the various uses of transaction processmg systern mdtfferent orgamsatlons for speedy
and accurate execution, suggest some ofher uses, whlch may be taken up by your organlsatton

........
....................................

.......................................

.......................................

E :
IS ¥t the corporate level is to build up comprehensive

alid data should Ie mlttally classified and codes attached
to cach data-set. Thereafter e should be constantly updated. The analogy loa refereme
library system is almost uncalgy/where books have to be classified according to the- subjec s
(e.g Tefereneg, economics, mana gement, eic.) and then codes attached to each book (e:g:-001
for reference, 338 for economics, 658 for management etc.). Thereafter the books eed
constant updating through cata]]ogumg and mdexmg A llbrary, however, is not as amenable to
easy cross-refereiice’ among a vast number of books dsa computensed data-base is. With
classnflcatlon codification and updating, a computertsed data- base can help the user with
almost iristant retriéval of any amount of cross- clasmfled and ‘CIO8S- revmed data thus helplng_
tremendously the decision- makmg pmcess

15 APPROACH TO COMP TION

The flrst nnportant stage to organ
data-base from the clerical systems

The second mlportant stage to MIS at oorporate level istg decnde on the pr1nc1p1es of evaluating
lhe raw data for decision-making. For this purpose the four prmc:]ples thatcanbe unhesitatingly
recommended are: selection, pattern, linkage and oveiview. The first principle of selection”
looks at a screened segment of data which can focus attention on vanances from standards

deviations from norms, fluctuations from targets and differences from budgets Itis presumed
that whatever data are related to the initially fixed standards, norms, targets and budgets they
are, 1o that'extent, not requlred 10 be looked at any further But whatever are not conforming
to the steady state are worth looklng at for decision- mak ing purposes. The seoond principle of
pattem is to look at the collection of data and to detive irisight by virtue Ofmanagcment ratios,




V-

lrencls correlauons and t’oreeasts Essenually thls 15 a prmcrpie of gammg mmght ino the grven
‘mass of data. The third principle of linkage isa way of lookmg ata numberof \:mdelyr dlspersed '
" data-sets and t0 formulate a eoherent picture. The last prmelple of’ overvrew is to derive’ a total_‘
plcture Wthh cuts across a number oi' oomrol parameters and sums up the mdnagenal posmon g

_ "The lhll’d stage of M IS at eorporate level istorealise lhe above four principles i in aetual praetrce
The frrst principle of selection can be implemented by generatmg exception-based reports. This '

requlres the safe-keeping of classified, codified and updatecl dataon the computerand retrieving -

only specially meanmgful reports on the basis of exception.. The second principle ot pattern
© canbe impiemented by using mathematical modelling and statistical analysis. Such analytical
approach requires the data-sets-to be trealed with mathematical models and statrslrcal methods
in ordcr to derjve meanmgful 1nd1ca10re for. decrslon makmg - o

The thlrd prmcrple of ]mkage can be 1mplemented by mlcr relatmg dlfferent data sel.s from
~ disparate files or data-bases. The inter- relationships would provide again available mmght
across the board. The fourih principle of overview can be implemented by aggregating data.

Such a process of aggrégation can connect together the classified and codified data for purposes T

of derrvmg a managerial msrght mlo the toml span of operatrom -

1.6, STRATEGrC IS_SUES OF COM‘PUT@[DED, |

I)ECISION--MAK‘-ING‘ U O o
Transaction. proeesemg syslem usmg compu ve played a relatively hmlted role as a
management tool. This has been so beca cciyion- -making has not been therr central theme
Instead, they have bgen specmlly-orle n-going clerical needs in personnel (pay roll),

(caprtdl prOJects) or specrflc functional areas.
(mdtenals) Alternatively, they _' een . pmject-onented used to manage a specific .
/ programme of limited time and scop, such as, examination result processing, or, they. have.
. been pmblem -oriented for emergency and random retrieval of information to meet a crisis
situation of limited duration and-scope,. stch as, coal- blend analysis for the 1nc0mmg coal
wagons with varymg ash and volan}e content for al} the steel’ plants -

book- -keeping - (accounting), tec

Accordmg to Robert Anderson the coporate MlS should assist such material funcuons as (a) .
manufacturing, marketmg and other real-time operations; (b) futuristic improvement and -
problem- -solving, instcad of historical reportsof the past actions; (C) necessary corrective action |
‘tather than bock- keeplng, and (d) momtonng of outsrdetondltlons affectmg the orgamsatronal
- plans. - _ . o

Joel E ROSS 1dent1f1es the reasons for corporate MIS as the same for planning in ge'neral At
should offsel uncertainty, improve econnmy of operations, focus on the objectives and provide -
a device for control ot'operations. Suchdn approach is radlcally different from the patch-work -
approach of the transaction prooessmg system. What follows is 1dentlf ication of some of the

strategic nsues 1dent1[1ed’ by Ross and others, and their suggesled soluuens m the lndlan.' )

context.




" display devices and. ghttermg data- commumcatlons teehmques and to install

Commumcatlon Gap

One of the: reasons for the over«emphasns on the transaction processmg sy'
con umcanon gap between the computer pmfessnonal and the user-manager of th

stem s the
e system. In~

Inglia, far too many organisations have become used separate. EDP departients, now

i mt;reasmgly called computer services departments. Accordmg 10 Robert Tow
comptiter professmnals keep-on "trying to make it look tough, wh1ch is not eas]
_bmldmg amystique prlesthood a trend of mumbo—jumbo ritual io keep you from kn
they are domg“ Because of the tralnmg interest and peer pressure Ross suggests.

K:! oompulswe tendency for the computer profess;onal to generate massive data- base

grander. de31gn This phenomenon. is qulte common in India and ~only serves the
emplrebulldmg and not. 1mprovecl management

owing what
that there is.
>s, 10 install
newer and
purpose of. .

. There is a famlhar sntuatlon where the computer professxonal is engaged in dev
computer-aided decxsmn makmg but is not able to communicate to the’ user-m

“loping"the :

information that he needs is called for, but the user cannot adequately expness them as he has
" not been accustomed to0 a rigorous sel f-analyms Thereafier; the computer profess nal works

outa plan based on his own understanding of the user- needs to convert them iniy

charts and programm ing. In the process, the information Wgeds themselves get alt
.the programmier codifies and lmplemems the system, hijow, interpretation gets in
thus further changing the user-needs. All these egetind Yy fruslratmg the user-manag;
_be callcd "ten-minute syndrome” where suffici w

manager and the (,omputer professlonal (

A situati_on arose where 'duri'ng ex:

glaring anomalics where so
virtue-of additional grace mar _
o properly- the m’ys_tique of grace- marlgs-to_ the computer professi_onal_s! -

Reliance on Service Bureaus or Computer Vendors
_ Qulte oftcn Indlan user-manager is approached by Lompuler vendor who brain

-management into. buymg his system, mdlcatmg that the system has all- lhe solut
. managerial problems The end-result i is that either the user gets a systcm whu,h is ta
- .him w1th a lot of eomputer “fat" Or he gets madequatc computmg power for his needs

.

o RoSS. sug’ge'st's that'there should not 15e a'ny technical romance wiih’ the'wmputer' 've

return on investment (ROL) approach to expend:ture Further; the. user—manager sho

orgamsatlon had appointed a service bureau for.a Jarge sum of money to devclop
‘MIS: After spending an year as well as a couple of lakhs of rupees, the user-orga

St

¢ has not. been spent betweg
e needs clcarly wnveyed and

_ a g processing grace malks had to be alloca
. of moderation, Computer professio allocated grace marks toall students which
' romal : anking studenis secured more than 100 per cen
b_v_lously_, the__Control_ler of Examination had no

Eager The - -

red. When
sofporated,
oy, This can
n the user~

led by way. -
resulted in
tmarks by
 explained

washes the
olarge for

ndor but'a-

s where an
eorpor&le

nisation was_ _
Ihomughiy dlssatlsflcd with the recommendatmns of ‘the sérvice buseauand did notimplement

ynsénd, the__ '
y. They are ) -

o the flow-

nderstood.

jons to the "

uld operate- S '
) with master plan, rather than react to the. vendor's suggestions, There have been.case;

:




Lack of Master Plan

The bulk of computer [arlures are due 1o the lack of master plans t0 Wthh hardware acqursmon,
software development and individual MIS desrgn canbe related Wlthout such a plan "1slands
of mechanisation" result with liitle integration between separate systems

The TISCO studied the mterface of various systems Irke produenon planmng and control
system, fmanual control sysiem, and ‘'sales invoicing and order processing system. It was
obséerved that if individual systems were developed without regard to their mutual interfaces,
the result would be an absence of communication hetween the systems and the incompatibility
of the systems would prevail throughout the company. This was prevented by building up
sufficient linkages among these systems and. developrng an integrated approach according to
a master plan, A similar approach was also adopted by TELCO with’ enoouragmg results.

_Orgamsatlon of the MIS Functron

Since clerical systems came first involving acoounnng, pay roll rnventory returns and similar
financial jobs. the ransaction processing system developed around all of them. Following the
normal principle of assigning a service activity by "familiarity", the historical trend in India has
been (o assign the computer to the Coniroller of Finance or Chief Accountant. This has been
the case in the TISCO, TELCO, Indian Railways and elsewher@Only now the situation s being
reversed and in HAL, BHEL etc., MIS functlon has been@ under the user-manager

With more dlstrlbuted processmg becommg possr h trend has been to place oomputer—
aided dec1s1on-mak1ng where it belongs, mainly ‘the user-manager with his own
computing power. Already, the personal co? (PCs) have made this trend possible in
practice, with 1nd1v1dual data-bases availghle toYhe users. Similarly, temunals are available to
most important users to share centra ing power. In both cases, all PCs as well as
termlnals the control of the oompzr-al § acnvrty has o remarn wlth the- user-manager

Lack of Good Managem ystem

n is imperative for successful corporate MIS on oomputer that there is good planmng and
control within the framework of an efficient orgamsattonal structure, No degree of sophlstica-
thl'l with computers can cure the- basic 1lI of chaotlc data management. S

'There have been many organrsatrons where computerlsanon has not brought any tanglble
1mprovements because there has been no systematrc handlmg of data or attentron paid to the
data management. In such cases, there would have been oonsrderable gain by first conducting
a good Organisation and Method (O&M) study. MIS has fo be built on top by 2 management
system which should include the organisational arrangements the structure and procedures for

- adequate planmng andcontrol, the clear establtshmenlof ob]ectlve and all other mamfestauons _
of good organisation in management

Itis mteresung to note that good compuier professnonals know their craft but are smlply not
orienied to managerlal jobs: In other words, the broad-based skills, which ‘are necessary to
function both in the computer room and in meeting ‘with user-manager for the' MIS, are
conspicuous. by their absence. This phenomenon has been known globally and that'is why
computer professionals are often called 'machine- mesmensed‘ where they are more loyal to
their professron than to lheir orgamsanon'

11




Mandgerlal Partlcnpatlon

The singlc most critical | problem in effective comp uter utilisation is the need for uLde rstandmg '
and support from lop management. [na State like Andhra Pradesh, the Chlef Minister's personal
encouragement has paved the way tobring computerised MIS gradually to all the districts, apart
hrom their wide-spread use in Staie departments and Ln the Secretariat.

" Even after top mapagement support is ensured, it is necessary that there is user participation
in the design phase on corporate MIS so a5 to avoid subsequent extensive and umf -consuming
re-work. This can be cafled "overnighi syndrome” where users spell out their nccds and expect
‘the computer professionals to deliver the outputs 1mmediately thereafter. Cor{lvertmg jobs
. eventually for computerisation needs a stabilisation period, which is all too easily torgotten

An example of the above is-the case of Uttar Pradesh State Electri icity Board which went for
© computerised electricity billing for the ‘Western districts. In the design phasc the Boaid -
authorities dictated that only Agra and Ghaziabad should have a pHot pro;e(,t before its
extension 10 all other districts. Also, manual fmancral ledgers would continue as a parailel run
.alongwith the computerised financial led gers for at Teast two billing cycles so as to generate
enough confidence in the cornputerised ledgers. The result was a smooth introduction of
computerisation. On the other hand, another State Electricity Board went through a similax
~ computerisation process withoui the benefis of any pilothgoject or paralle] run onlthe grounds
that the results were needed fast and they were spendilg mghey on computers in any ¢ase. The
- consequence was a disaster when many 'eron llls came-and in some casesi none at ail.
fi

There wete questions in the Parliamentand an d commitiee under the Central Electricity
Authority had to investigate the mistakes. The restffwas to cancel the existin g computerisation,
{0 start de novo, after having spent severa % of Tupees which went waste. '

Tt makes good sense, as has been Q peed in the NTPC when the user-manager plcks up

a minimum familiarity with he | at the beglnnmg From the point of view of the

- organisation, corporate M1 uch a vital part of the operation as markeiing operations and
finance are today. Indian Airithegd] too, discovered that mana gers had to be involved in order '

- to get better and more effective mformatlon systems by v1r£uc of their particlpatlo 1. Asimilar
approach is being followed in LIC.

 Failure to Identify Information Needs

A clear identification-of information needs is fundamental and necessary to go fordesignofa
corporatc MIS. Recently, a Central GovernmcntdcpartmemSpem lavish sums on hardware and
software to perpetuate the existing 53 MIS. reposts and to build a sophisticated data-bank
without first determining the real information needs of management. {1 is often forootten that
~only that information should go into the corporate MIS which can increase the- pcrccpllon of

= 'mdnagers lit critical areas such as problems alternatives, opportumtlcs and plans

At ieast there have been two States in Indm which built up comprehcnswc land- rccord data-

banks without exammmg what the user needed from these data- banks. The enormeus costs for
building their data-banks were later found to'be unjusnfled and both these Stathulfave since
discontinued their efforts | m this area. On the other hand. another State {Uttar Pradesh) has..
begunona llml!ﬁd basis 1o buitd up corporate MIS for 200 parameters for a couple of districts
and, after ascertammg the user- necds itis proposed to cxtend the MIS further to all the dlSt[’lClS
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Itis the user- manager who is (0 provide the Spt‘le]Cﬁt]Ol’l for what he wants out of his c()morale
MIS. If the manager fails to do so, the computer professional by default would provide hisown
objectives and his own intormation needs. These would seldom meet the needs of the yser-
manager. ' o o

Poor Systems Prior to Computensatlon \
1t has been ohserved that comput-;,rl‘;anons of a poor system will merely mcrcasc mcfflclcncy

atan accelerating rate. The user-manager gcts irrelevant or bad information faster and the bad
décisions are made sooner! :

Hindustan Zinc Ltd., for ingtance, planined to upgrade and impvac their transaction-processing
systemina methodical manner. Such clerical svstems as ledgeraccounting were tobe upgraded
to financial planning; invoicing o saies analysis; inventory accounting to inventory manage-
ment; and production reports-to production planning and cenirol. Well estdblush?d procedures

' helped them to makc a smicoth 1ransstmn

“training and user-education. It

-and control for the production managers and enginedg

Over lookm;, s Human Acceptauce

A new MIS quile often mee 15 resistance from the user-organisation becawse peﬂplc do not
acceplt what they do not understand. Such reasons for resistance have 1o be anatysed and a new
attitude brought into overcome it. Ross ideniified the rg asoWg as threat to the status of the
salesmen; threat 10 the ego of the managers; © oonom:tz”ibrc io the clerical persons (fear ofjob
ioss), insecurity for (he managers fhaving personal pg and political base; loss of autonomy
| ki frayed and inter-personal relations

for all others.

A number of public and prwalc sect 'aniZtions such as BHEL, Hindustan Zinc 1.4,
NTEPC, Bhadrachalam Papér Board, eighave started a process of sysicmatic programme of

0 seraftve that such education begins at the top Ievel for
compuier appreciation, al the i @ anagement for specific computer applications in their
own domains, and at the working level for-direct invoivement in input and outpul quality
control. Tt is good to see the bulk of Indian organisations going through such an clabomtc
process of computer m:uatlon as there is no shorl cut 1o it.

Activity C
Go through the text in para 1.6, recall some of your own experiences and comments based
thereon.

..........................................................................

e I L A M T R R B T T T L &

........................................................................

........................................................................
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1.7. SUMMARY T — |

We have glven a brief account of a purpomve way of using computcr as a mandé'emcnt tool.
There are two eloquent reasons why such a tool is more feasible to operate Iodgy than cver
before. The first rcason is thai computing power in any organisation is becoming increasingly

available on'a distributed basis through an array of terminals and/or through desk- top
computers avaiiable for personal use. Availability of both terminals and pe“ﬂondl computer is
almost a comon nhenomenon today.

The second reason is that the computers werc used to be driven earher by the pro[cLsmna‘a and
were housed cxclusively in the EDP depattments. From that atmosphere, the cofnputers have
currently become very much user-friendly when the barriers of EDP department A’J;avc broken
down and computer languages are becoming more and more English-like. From this stage on,

itis very likely that comp_ulers would show a trend 10 become user-driven, Thus, the transition
~ from prolessional-driven to uscr—fricnclly 1o user-driven compu.tel's is a near reality now!

Further we have described some of the strategic issucs which have bedevilled istroduction of
computer-aided decision-making in the forms of corporate MIS in many organisations in India
and abroad. Some gencral pricciples have been used to illustrate the sitvation and a number
of Indian examples have been cited by way of deriving ropriale lessons. It is vital to keep
reviewing the situation so that such strategic issues alﬁst sight of in the counfry’s curremt
emphasis on coniputeris’ation. It is important to aygid friéation before one aims Jtachicving
elation on successful computerisation! 6 "

1.3_SELF-ASSESSMENT E)@SISES 7

1. Employees in modern Orgd are-catled 'knowledge workers'. Justify.
2. Handling of informal@vidcs the basic ingredient in the decLsion-making'prbcess.
Explain, - ' ' '
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UNIT2 INTROD'U?(;TION_To‘cfo.MPuTERs

R Objectlves

The objectives of this. unil are to undcrstand

" @ initially what actually a computer is and ifs . évolution _
- . @ two major components ofa eomputer system vrz Hardware and Software

® classrflcauon of computers.

Structure
2.1, Evolution of Computers

2.2, Computer Hardware

23 Computer Software 3

24  Classification of Computers b
2.5 Summary '

26 Self—study-Exereises

21 EVOLUTION OF COMPUTERS 0 |

J ‘The - first mechanical '‘Corputer’
~betwee. 1830 and 1850 matked the birth of computer age: This was the first mechaical -

: Computers have brou ght about a revolulron inthe fiel ; puting as a'-r_csul tof technological

advanccment in lhe held of elecironics. Y\ - S :
"Abacus", the frrst mathematical devig facilitate anthmetlcal computation, was

invented by the ancient Chinese before% of Christ. Abacus used beads strung of wires
b

to aid arithmetical coniputations % elfeved {o have bee_n in use till recently. _
"‘Anaiytical'Engine designed by Charles Babbage ._

computer capable of performmg basic arithmetical funeuons Charles Babbage desrgncd hrs '
analytical engine around five componcnis namely, N
a STORE o hold numbers, - '

an ARITHMET]C UNIT (which he calied: 1he 'Mrll') to perform arrlhmeUcal operalzons

' - aCONTROL UN IT o control and Loordmate varlous activities in the correct sequence,

an INPUT device to transfer both numbers and instructions into the computer and _'

.an. OUTPUT devrce to drsplay the resulls of compulatrons .

'Remarkably even today s wmputers are burlt around the same conuepts However modem
' electromc compuiers provrde three ma jOl‘ advantages

@ cnabling the computer to operate at electronic speeds (an eleclrbn travels approxundtel y )

1 foot in 1 billionth ofa sccond),
® providing tremendous relrablhly, _. R
@ makmg the computer a general purpose machme - L .

- . v _" if—o«
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32, COMPUTER HARDWARE |

- The first commcrcml compuier cailed UNIVAC (Umveml Automatic Compuber) us.mg
~ vacuum tutre circuits was used by the U.S. Census Bureau in'1951. Computers using vacuuin

tube circuits bclonged to First Generation Computers. Invention of the wransistor by Bell
Labs in U.8.A. gave birth to Second Generation Computers which used transistors instead

“of vacuum tubes. An examplc of a Second Generation Computer is the IBM 1401. Third

Generation Computers were introduced in the mid- 1960s with the invention oi tiny mEfgratrd
circuits onsilicon chips. IBM released its 360 series cornputers with integrated chips of 28/1000
each sq. (,dn'ymg more than 1600 Cireuits. Large scale integrated chips became vailable in
1%9 Computers which used large scale integrated chips can be be calted Fourth G eneratmn-

- Computerseven though there is no gcncral agreementon whatcon*;u tutes a Fourth- Generation

Computer

-lnvenuon of the micro-processor in 1972 has changed the computing scene dramatically. A
- micro-processor when interfaced with memory and input/oufput units becomes a micro-

cofrputer, -A micro- con;puer is very small in size (can be actually placed on a tarnle 1op) but
is very powerful and provides a user-fricndly atmOSphere for managers to interact with it. The
first ibusiness micro-computer called APPLE Il was released in U.S.A. in 1977, A micro-
comiputer whxch Is reasonably powerful can-be bought today for as low as Rs. 20,000.

Rece_nt advances in the field of arnflclal_ mtf:lhgcnc;e_.-a bemg used to design a thmkmg

computer”. These compuiers can be called Fifth Ge fidn Computera A spe 1al feature - -
_ anticipated in these computers is their abilily 1o g

qd 10 bpoken words: These cor putcrs are
expected to be in the market by the end of this : '

- i
P ‘

organisation; hasjy in case thc”sq o rare there in your organiqatlon

ActjvntyA : ' ' ' ?\ ,'I o o :
Describe brlefly generatlon of w@ Find out which generation of computer, your .

.‘.._-...-..-......'..-............;.............-._.;.,.... ..................

...........................................................................

O L R T T I N T T T T T T T T T T T U

R T T

R T T T

Phgrsmal uniis of computer systcm constitutes a computer s hardware. When you look ata.
computcr syslem youare actually locking at the compu!cr hardwarc ' :

T mlﬂfe o
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A computer like the human bram reoelves mformatlon, stares it, processes it, and dlsplays
results. A computer receives information from input devu:es, Stores it in memery, processes
this information in the central processing unitand displaysihe fesultsof processing ina useful

formthroughoutputde\uws Acomputersmemoryllkethc human's is limited. Hence itsores -

most critical information in its main memory and less critical and less frequently used
mformatlon in its secondary memory. BeIow we describe each of these parts in detdll -

: “:Central Processing Unit

The Central processmg unit is the most unportdnt oompcment of a computers hardware It
could even be called 'the computer' by itself. It has an anthmetlc logu: unit (ALU) and a '
control umt : :

The ALU, asthe pame 1ndlcates performs all the arithmetical and logical operations. Examples

of arithmetical operations are: addition, division, multiplication, etc. Examples of logical

operations are: (lj_ Is A = B, where A and B are both numeric/alphanumeric? (2) Is a given

character equal toM formale or F for female?, etc. All the arithmetical and logical operations.
are performed in the CPU in special storage arcas called registers. The size of the register is '
a veyy important consideration in determining the speed of processing. Register size refers to

the amount of information that can be held ina register at a time for processing. The larger the

‘register size, the faster will be the speed of processing, A CPU'S\rocessing power is measured

in million instructions per second (MIPS). The speed of CPY wils measured in milliseconds

(one 1000th of a second) on first generat:on comput micro-seconds (one mitlionth of a

seoond) on second generation computers, in nano-se ‘Q one billionth of a secorid) on third

and fourth generation computers, and is expec be measured i in plco scconds (one 1000th

of a nano-second) in the future fifth generatio‘:%uters : :

’I‘he control unit, as the name indicates, and co- 'ordina'tes all the operations of a CPU.
Itgnsures that the required inform ferred between the main memory, the arithmetic
logic unit, input devices and oul "1ces in the required and desired sequence. It also’
* contains the logte circuits and storage needed for the control of multiple input and output
devices. When a programme begins an input operation, the control unit identifies the input
devices and sets up electronic data path for the data and mstructlons to enter the CPU.
Subsequently the control unit execules the various operations in CPU in the desired manner.
Upon completion of & job, the contrel unit identifies the required output devices and sels up
" data paths for supplying the outpuit mformation to the desued output devnces

Mam Memory , . |
Main memory stores a variety of critical mformatlon rcqulred for processmg by the CPU Just
how does 1t store information?

A oomputer works by electr1c1ty Hence a binary number system which uses only two dlglts
'namely, Oand lisa very convenient way to represent information inside a compurer. We could
use the symbol 1 10 represent the presence of an electrical pulse and the symbol 0to represent
the absence of it Informanon ina oomputer consists of data (numerial and non-numerical) and
instructions which are made up of a large number of characters, namely, decimal numbers 0
to 9, alphabets A to Z, arithmetical operators like (), (), elc., relational operators like (=), (<), '
- etc., and many other spe01al characters like (,), ( ), etc. o

17 e




W1th two bmary drgrts we can represcnt four dlfferent characters namely, 00 lﬂi 0t dnd 11 _
W1th three digits we can represent eight different characters namely, 000, 100 Ujﬁ 001,110, ', '
101,011 and 111. Computers use elghtbmary digits (bits) 0 represent m[ormatl n 1nte_rnally.'
This allows upio 2%= 256 dif fercat characters to be represented umquely Acoliedtion of eight -
brts is called a byte. One byteis used to represent otie eharaeter internally. Most comp_ute"'rs use
’ two bytes or {our bytes to represent numbers (posmve and negatrve) mternally - .

L The memory unit stores all the mformatton in memory cells also called memory locations,”
-1n bmary digits, Each memory locatlon has- a unique address. The contents of] the desired’
- memory locations are provided to the central processmg, unit by referrmg to the address of the
memory location. The amount of mformatron that can be held in the main memory is knpwn .-
-as memory capacrty The: capacrty of the main memory is 'neasured inkilo bytes (KB)or mega
“bytes (MB). Onekllobytestands forz“’whrchrsapproxrmately 1000bytes Amega bytestands':
- for 22" which is approxrmately one mrlllon bytes : o

Earller computers used magnetlc core memory Howcver all moclem computers use semi- .
conductor memory Semi- conductor memory is faster and- cheaper than magnene COore
- memory. Semi- concluctor memoryis also available masmallboard These: characte ristics have
_-made semi-conductor memaoty more popular and attractlve The only drawback of semi-

_ conductormemory is that it rs.volaule, that is it Ioses 1ts contcnts in the eventof power-failure.. o
- However, itis not a serious drawback and can be ea‘uly ercome by having back- Ap power.

’ umts L : ' o ' ' A :

n Access Memory) Thls megns that a\ny
dAvriting. A magnetic core memory is also
gy RAM has been used in the literature with

Semr condyctor memory is knoven as RAM (R
part of the memory can be accessed for reading 3
arandom access memory However the tet )

the invention of semi- conductorme 'otherpartof main memory is ROM ReadOnly R
Memory) ROM allows its conten@uread only and does’ not allow users {0 store their

- programimes. ‘Usually. ROM » utility programmes supplred.by the _manut_.‘ac'turer_s -
frequently usedby theusers@ o - B S

RAM capactty is a useful indicator to compare the mam memory c1pac1ty of’ vartous mmpu ters.. _
. Earlier computers provrded a memory capacrty of 16 KB but a memory capactty of 512KB .
1s very common in todays micro- computers : : BRI

Secondary Memory

Secondary memory is essentral o any computer system because of the limlted mair memory L
There are two types of seeondary memory available, serial access memory and ran o access

h “memoty, A setial access meniory provrdes only a serial aceess 1o retrieve information stored
init. A random access memory prov1des a random access o reirieve 1nformat1or1 jtored int.
Itis helpful to think in terms of a cassette tape providing serial access memory ancl LP record' _
provrdmg a random access memory Computers use ma gnetic tapes to provrde serral access -
memory and magnetlc d1sks to provrde random access memory o R

Magnetlc Tape _ _ o
 Amagunetic tape isa very compact medmm for storinig a farge amount of data, A sta rrdard tape
cIe eI is 2400 feet long, 1;’2 inch wrde ancl can store up to anywhere from 20 MB 5 150 MB -




depending on the recordmg densny it pcrmits A mdgncuc tape is mounted on a 13 pe dnve
which has 4 read/write head.. : —

The density of a magnetic tape refers to the amount of 1nfurmat10n stored inoneinchofitstape
iength and is mcasured in bits per inch (bpi). Standard tapes come with 800 bpi or 1600 bpi,
even though tapes with 6250 bpi are also common. ‘A text book of 600 pages with 50 lines per
~ page and 40 letters per line can be accommodated in fess than 20 feetofatape of dcnmty 625(] '
. bpl Imagine. how much data can be stored in a 2400 fect tape? '

The major advaniages of a tape is its economical stum;.,e_o_f large volimes of data and a quick -
transfer of its contents 1o CPU. However it has # major disadvamétge namely it permits ondy

a serial access of data, This is because the read/write head is fixed and immovable. As a result
the tape has to be moved physically over the rcad;’wntc head titl we come to the dcsued location

to access the required data. -

-Mdg:,netlc Disk

- Magnetic disk was invented 10, ovcrcome the sequential processmg requirement of magm;,uc
tape data. It is helpful to visualise a magnetic disk as a LP record. An access mechanism moves
the read/write head to the desired surface on the disk to provide random access of data. A disk
pack is a collection of individual disks stored vertically one glop the other and mounted on a
disk drive. The disk drive rotates the disk pack at a constmd. There is enough room 'i_n'
between the spinning disks to allow access arms with read/ eads to move Lo any storage
locatlon. Each disk in a.disk pack has two re_oordl ff aces, exu:pt the first and last disks
‘which have only one recording surface. Thus a disk Pa ith 10 disks prowdcs 18 recording

surfaces. Such a disk pack aiso has 9 access agh ch access arm supports two read/write
heads, one read/write head to access the Igger reording surface of the top disk and the other
read/write head 10 access the upper reco facé of the bottom disk. Each recording surface

sectors. The capacity of each se ether it is on the inner most track or outer most track -
is 4 coristant. One important charactfistic of a disk drive is the access time which represénts
‘the time needed to access the desired record from a disk. Access time consists of two
componcnls namely, seek time and rotational delay. Seek time represents the time required
to seck the desired track on the desired recording surfdc»e This involves.a movement of the
access arm, which supports the read/write head. Rotational delay represents the time required E
for the rotating disk to position the desired sector under the read/write head. Access time is
measured-in milli seconds. An average seek time of 25 milli seconds and an average rolational
delay of 10 'mlh seconds resulting in an dvcragc access time of 35 milli sconds are common.
Disk packs are classified into three types, ndmely, removable disks, fixed disks and P
winchester disks. - \

is divided into a series of concemri% ircledgalled tracks and cach track is further divided into

Aremovable dlskpack as the name indicates, canbe tra%portcd andreplaced. A flxcd diskpack "
on the other hand, cannot be removed or 1ransported or replaced. However, it provides a quicker
access time. A disk storage capacity of 600-1000 MB is very common. Winchester disks are
a special type of hard disks and are supported mainly by micro- computcrs A wmnhester chsk
prov;de% a siorage capacity in the range of 10 MB.- 8{) MB. : - :

Disketies and winchester disks provide random access memory on micro- compulers A
diskette is a smaller disk of 51/4 mch ind s:meter. It provldeb a atorage Capa(‘,lty of 360 KB
and am averqge aceess time of 180 mllll seconds.

e
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_few of. them arc drscussed in thls note

Input and Output Devrces

:The mput or output umts of .a. computer system establlsh the oommurucatlon between the

system and its users. A large number of input and | oulput unns are avarlable in the market A

o .Punched card is the most ancrent (few decacles old) mput medrum Instruct on and _'d_atazl

o punched on cards are transmitted into a computer through a card reader. A printed card has
surviveda whole century because of its sunplrcrty But it isonits way out. now. P‘I

) are being replaced by. termmals Wthh provrde d1rect data entry

nched cards

. Terminals have become’ very popular interactive input and output umts A terminat, when .
' connected toa CPU, sends data and instructions directly ino the computer. Terminals can be: T

. termmal provndes a print out on paper whereas d soft copy termmal prov:des av
- ona screen A soft copy tefminal is also known as a CRT (Cathode Ray Tube)

. Key-to-tape key-to disk and key-te-drskette are stand alone data. entry stations
_ checks for the accuracy of data at the time of entry. The'screen dlsplays what is bei

‘These facilities are highly desrrable for a data proce g centre. Hence most)
; processmg centres are swltchmg over from punche

Printers are _purely'outijut% Printers are classrflecl into lme pnnters and
nts

ClaSSIflcd into two types, namely, hard copy terminals and soft copy terminals.

usualty have a small  processor attached toa key board and a visual display unit. Th

_'d desigrvcomputer ai_dcd

printers. A line printer pri line of mformatlon simultancously, whereas
printer prints- one character at a time. A dot matrix printerusesa 5 X 7or7X ¢
formatron to- represent each character. Dot matrix printers therefore provl

A hard copy
sual dlsplay )
lerminal.

These. uruts .
£ Processor
ing entered.,
of the data- -

d Iput to data entry staj’ons o

' A graphic dtsplay terminal dnsplays informa .oth 'charac_ter and graphic lTﬁlrms The’;c
- arc extensively used for CAD/CAM (computs :

nufacture).:

‘ .apphcatrons o _ Y _ L _ 2
‘-'A plotter is used 0 obtam pmep? of graphlc outpuls It 1s used by an,hite_cts and_ -

_de51gners to_ produce b__lue_prmts o Mgeir design On paper.

dot'ma'trix-

a dot matrix -
9 dot matrix
a broken

. .appearance to the characters, whereas a line printer provides a better quality output. A line
- priter has a speed of about 2000 lines: per minute whereas a dot matrrx prmter
. speed of approxrrnately 160 characters per second. - :

has a,low_er

'- Daisy wheel printers and letter quahty printers are also character prmters. But tbey produce
. excellent quahty output. However they are more. expensrve and slower than
' 'prmters All the printers discussed so far are called impact printers as they mal

dot matrix .
ke physical - -

contact with paper while printing. A norumpact printer on the other hand transfers tlforrnat'i,on' _

to paper without any physical contact. Examples of nommpact prmtcrs are lase
: 'xerographic prmlers, electrostatrc prmters, etc S

printers, .

‘Most. recent trend for data mput is towards source data automation The equipme nts used for o

source data automation capture data as a by-product of a busmess actlvny thereby cOmpLeteid '_

ehmmatmg manual mput of data. Some examples are:

. the: accoum numbers on cheques drrectly and do the necessary processmg

20.

. 1 Magnetic ink character recognition devices are UScd by the bankmg rndus(ry to read




2. Optical mark recognition devices can sense marks on computer readable papers.
"This kind of device i$ used by academic and testing institutions to grade aptitude tests

where candidates mark the correct alternatives on a special sheet of paper. These answer
sheets are then directly read by the optical mark recogmtlon devices and the information -
senttoa computer for processmg -

Activity B
‘Draw a flow dlagram about funcuonmg of oompuler Hardware

23 COMPUTER SO%%; I _
"Computer software consists of set/of programmed instructions which enable the hardware

‘units to perform: Programming a computer to perform has always beena very difficult task. The

- . first electronic computer ‘was programmed using wired panels Todays computers are

programmed usmg software.

A compiter software can be broadly classrfred into two categeries - System Software ana
“ Application Software. System software is a set of instructions tothe machine hardware to
interpret and execute application software. An application softwate is a set of programming
instructions for specific appllcauons like payroll accounting, inventory control, etc. A system
software consists of language translators (cailed comprlers and mlerpreters) operatmg
' systems, ulillties and special purpnse software.

Language translators . o .
'Alanguage translator isa system software which w1ll translate a computer programme written
. by humans into a rnachme understandable form. :

The most elemental form of programmmg uses only lhe binary digits 0, 1 which is dlreclly
- understood by the electronic Cll'Cl.litS A programme written usmg only binary dlgrts is called.
a machme language programme, : )
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Assembly language prov ided a mgmfxcant 1mprovement over machiie Janguage. Assembly
language programmes: are written using mnemonic codes itke ADD, STORS, ¢ tc rather than
_ their machine language representations in binary digits. Therefore programming in asscmbly
language is easier. However, it needs 10 be translated into machine language codes. This
translation is done by an assembler, Both machine language and assembly lartguage pro-
grammes arc machine dependent, This means that a programine written for one machine
cannot be used in another machine, II:;,h level languages, which are closer 10 English
- overcame the drawback of machine dependence. A few high level languages are F RTRAN,
BASIC, PASCAL, COBOL etc. These languages relicve 1he programmers fom being
machine spccmc, Howevera programme written ina high level ldnguagL nceds Lo be translated

into machine language codes before exceution. This translation is done éither through -

compilers or throughinterpreters. A compileris a translator which reads anentire %rogrammc
written in & high level language and converts it into machine language codes. An interpreter on
the othcrhand is a translator which interprets statement by statement, any programme writicn
in a high level language. An mtuprelcr is a very cffective tool for programme development as
itchecks for exrors statement by statement in an interactive made. This allows the programmer
to correct the errors statement by statement as he enters thetr., A compiler on the othﬂrhdnd will
request the user to enter the entire programming statcment and then it will checkl for erross,
Basic language provides a compiler and an interpreter. O rlanguages such as Foriran, Cobol
and Pascal had only compilers initially. However, infSgpre®rs for these high level languages

. are also becoming avallable partly due 1o the IGmy njoyed by micm—co‘mp hlers in the

field ofcomputmg

Operating Systems Ys o : -
An operating sysiem is the most ant system sottw'ne and is required 10 Opcrate a
~ corapulter sysieim. An operating sy manages a computer's resources very effedtive, takes

. care of scheduling multiple j I execution and manages the fiow of data and instructions
between the input/cutput uni the mam memory.

i

Operating %ystcrhs became a part of computer software with the second generation computers.
Since then operating systems have unde rgone scveral revisions and madifications in order to
achieve a better utilisation of computcs resources. Advances in the tield of computef hardware
have also helped the, devdopmem of more Lf]lCICI'lt operating systems. '

The first operating system called batch pme:essmg (serial} operating syslem was developed
for the second generation computers. This operating system executes jobs serially one afier
another from a batch of jobs submitted for execution, The central processing unit is kcpt busy
only during the proc Lssmg cycle of d job and it idies during the mput and outpul (i[perauonb

The above dIdede of idling the CPU was overcome. with the introduction of overlapped
processing. For cxample why not take vp input operation of job 2 and the oulput operation of
.job 1 simultaneously? This and similar considcrations gave rise to the conccpljot multi-
. programming. A mulli-programming operating system handles muitlplejobs c,1111ultan(,|f)u51y

- by overldppmg the mput output and processing cycles of various jobs.

‘This operating system was introduced along with third g generalion compuu,rs 'md is sull very
popular. It has. l't:pldCCd Lh(, earlicr bdtCh processing (%Lnal) opcmtmg system. With mulli- -
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programminga CPU's utilisation is increased and hence jobs get executed faster on an average.
However a multi-programming operating system is more complex than a batch processing
opcrating system and hence it requires morc powerful hardware to support it.

Other types of operating systems which are popular today are multi-processiﬂg operaling
systems and real time operating systems. A multi-processing operating systcm uses multiple
CPU's to process multiple jobs. A real time operating system is a very different type of operaling
system, because it is used for different type of applications, i.e., real time 'app'licalions suchas -
.airlines reservations, process control, efc. : o

Utilities _ |

- Utility programmes are those whichare vcry ofien requested by many a ppircatlon programmcs.
A few examples are:

1 SORT/MERGE forsorting large volumes of data and mergmg them into a single sorted list.

2 Transfer programmes for ransforming contenis from one m(,dlum io another, e.g., disk to
tape, tape to disk, etc. -

Special Purpose Software

Special purpose programmes are those intended to extend thégapability of operating systems
.10 provide specialised services 10 application programme! ' '

- A few examples are: ' O
1 Spreadsheet software like LOTUS, VISICALC ¢

2 Data Management software like dBASE lI?WtS eic.

2.4_CLASSIFICATION O@EUTERS

" In the 1970s computers were clahto three categories, namely, super computers, large

compuicrs and mini computers. But the invention of the micro-processor which gave birth to
) micm-computers in the latc 70s has drastically changed the computing s¢ere. A wide range of
compulers are available today in the market ranging from a personal computer to a super
computer,

A personal computer (PC) is a micro-computer which has its eatire central processing unit
on a single micro-processor chip. A PC provides a main memory capacity upio 640 Kilo bytes

and a processing power of 0.5 MIPS, It supporis one of 2 diskette drives of 360 KB each for
random access secondary memory. A PC usually comes with a standard key board, a visual
display unit and a dot matrix printer. A PC is usually operated by a single user.

A super micro-computer has its entire central processing unit on a very powerful micio-
processor, provides a main memory capacity of upio 16 mega bytes, has a processing power
of 2 w0 3 MIPS, supperts winchesier disks of bapa'cit_y 20 to 80 mega bytes and allows "
simultaneously access o multiple users. Today""% super micre is actually replacing yesterday's
mini computers which pr0v1de almost the same computing power if not less; but based on a
different technology.




Alarge com]’mterprovides amain rnerrlory capacity of upto 32 rnega byte$ a pr’om}smg power

of 10 MIPS and supports a large number of disks and tapes. Disk capacities range| from 100MB - -

to 1000 MB. It also allows slmultaneous access. to multiple users and suppor!s a large number
of mput ancl output devices. :

“memory capacity of uplo 64 mega bytes and a processing speed of 20 MIPS. It alsp supports -
a large-number of disks and tapes of enormous capacity for providing-randonl accessand serial
*access secondary memory. A super computer also allows-multiple users to interact with the
CPU simultaneously thiough multiple types of input devices. It also prOVIdes iutputs ina
: varlety of forms and supporls a large number of output devroes '

' A super computer is the largest compulcr system availabie in the market. It prO}ldes amain

Personal computers are tised by managers for theirown computing needs. Availability of alarge
number of user-friendly software packages on PCs have made therm effective tools support-__’

~managerial decision-making. PCs have also encouraged distributed data processing, A super

micro is used for commercial data proeessmg and managerial applications. A lar: computer
18 necessary for very large: data processing and data management applrcatrons A super
computer is primarily used for hrghly smenlrflc and research purposes. . . ‘ :

- " detail the two major components of a compy
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stem, viz., Computer Hardware and
_ .’Computer So[‘tware Afew 1mportantcharacter gfwhich measure the'powerof acomputer's
hardware and software have also been ped. Finally we provrded a classrfrcatron of

.-  computers ranging from a personal gampulgr to 2 super oomputer
26 SELF'-STUDY. _ gs'Es ——

1 -'a) What is computerha are?
~ b) What is computer soflware‘?

- _ _Thls unit began w1th a brie oommentary on the eII Tutid computers. We then iscussed in

. ..Memron two hardware and 2 Software oomponents of a computer system

2 Explain the followmg terms in one or two sentences each. . . -
o a) Central Processmg Umt T : ' o '
' b).SecondaryMemory I I ‘ a
¢) Operating Systems . - s 5 | - ' o _
'.d), '\]_anguageTranslators S o ' R
3 Explain the difference between Random Acoess Memiory and Serral Acoess NLenrory "
Explain the advamages and dlsadvamages of Core Memory and ROM Memory

Explaln the distinction between a hatch prooessmg (serlal) operatmg system ancl a multi-
programmrng operating system. - : : - :

6 What are the drt‘ferences between a compller and an mlerpreter"

7 ‘(_:hoose the most approprrat_e altematwc for the foll_owmg quesuons:
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* A With 5 bits it is _oosSibie_to represent :
a) & djffemet-symbols_ o '
by 2 different symbols:
¢ 2X5 differ_ent symbols
dy 5 differeni symbols.
_ e) ~ None of the above
B ‘Which statement is lrue . ,
a) Assembly language programmes are machme mclependent
b) Mach;ne language programmes are _machme independent. - |
). Highlevel laoguageohre machine ihdependem . '
~ . d).. High level languages are machine dependent
" X ej Al programraes are machme mdependem
- C CPU fetches mformatlon from main memory by referring to the
a)  Variable name
b) Variable value

¢) Locationaddress -~ - L
d). I,ooation hafne '_ ' 0 .
) None of the above : . - NS
D Computers can be classified in the followmg h1®jcal order.
a) PC, Super Micro, Large, Super _Comp? :
b) - PC, I_Arge_,'S_uper Micro, Supef, . pulr
c) large, Super Micro, Super Co e PC
d) Super Micro, PC, Larg @P’ Computer
e} None.of the above
"-Answer Key . :
" QuestionNos. A - (b), B- (o)_, C-(c),D- (a) -
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UNIT3__PERSONALCOMPUTERANDITSUSES

Objectives _ _
The objectives of this unit are to give you an understanding:
'® of what a personal computer is and how it is uscd by managers

@ the most common types of softwarc used for. mana gernent applications on personal
computers. :

S_tructure |

31 Inoduction
3.2 Micro-Computers
33 Hardware

3.4 Applications Software
3.5 Summary

3.6 Self-sindy Exercises
3.7 Further Readings

|
Computers. were first used in management Qusiness applications in cen‘traliscd data
processing departments. These departm re manned by computer specialists who were
the only persons allowed access tolie mdghines. Laler terminals were provided to users for
certain applications. However, plexily, size and the fieed for special environment
control did not permit co%s to have ‘computers at their work places; All this has

3.1_INTRODUCTION | \é B—

changed with the advent o COMpUiers.

3.2 MICRO-COMPUTERS B
MlCl’O -computers are computers whichhave thmr entire Central Processing Unit (CPU) ona
single integrated circuit'chip' (called a micro-processor). Today powerful micré-computers are
_available which cost as little as Rs. 20,000. These micro-computers can do mary of the jobs
earlier done by large computers which cost many times this amount. In addition, because they
arc small enongh to sit on a desk and do not require extensive environmental conrol, they can,
be used in most reasonably dust- free environments. Field tests on machines used in projecis
_sun,h as the Computer Literacy PrOJec,t for Secondary Schools of the Education Mlmstry have
shown this. This ready -availability for users bas enabled a large numbcr of katircly new
applications 10 be undertaken. It has also increased user interest in computing since users can
be directly in conirol of their data unlike the situation with centralised computing. Due to these
factors and the fact that micro-computers can be used at home and schools for chucatlon and
“entertainment there hdS been a bpcctat,ular increase in their numbers since their tm,t arrival as
hobby kits in the U. S. Several million micro-computers are used in management applications
around the world today. In India the. prolections are- that by 1995 a fcw mllllons of thesc
machines will be installed. :
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33 HARDW&RE'; T
Micro- computers are structurally srmllar 10 large computers in that. they have the same basic

- components - CPU main memory, secondary memory and’ input/output devices. The most '
* popular secondary memory devices are ﬂoppy d1sk drrves and fixed.disks. '

- Floppy disks store between 140K Bytes to 1 Mega Byte = 1024 K Bytes (MB) wh11e hard drsks o
~ store 10 MB to 40 MB. The main memory is made from several chips. These may be. ROMor

RAM ch1ps ROM (Read Only Memory) chips contain instructions permanently writteninthe . . "

memory. The contents of these chips cannot be altered RAM (Random Access Memory) chips

‘provide the memory that can be read from, written intoand cleared. Mostmicro-comipuiershave -

- between 16 K bytés and 1 MB memoty. The typrcal word-size of micro-computers when they
were introduced in business in the late seventiés was B- bits. Today, the most common word-

" size is 16-bits, It is virtually certain that in the next few years 32-bit micro- -computers will be
‘very common although today their numbers are somewhat limited due to cost and scarcity of
software. Dotmatfixand darsy -wheel prmters are popular pnntmg deviceson micro- computers.

With the protiferation of micro- computers, the concept of distributed computing has emerged '
Imydistributed  computing, a number of computers-are dispersed in different ‘parts of an
olrlamsatlon and inter- oonnected using special cables, telephone lines or other telecommuni-~
_ casion media. This allows data and programmes to-be shared and also provides for some new .
~ -types of applreatlom such as clectronic mail. To support such networking special electronic
- deyices such as modems and network inter-face cards are oft \fitted into micro /computers

A‘@ with larger computers, micro- computers have operatmg s to enablé the user to easily
imeract with the machine. These operating systemg .
except that they are much 51mpler , This is because § 4 jortty of mlcro—oomputers are not -

multi-terminal machines - only one user has acgggs to T 1achine atany time. In this situation
the machine is the’ personal computer of thec%rsondl computers-arc. used for a vanety
of tasks. The most common applleatlon o S :

Word Processing - - N

Financial Analysis /Y
Data Base Access @
Guphis ~ ¥ oo
© Accounting T '

3.4 APPLICATIONS SOFTWARE

Systemb software available on mlero—computers 1nclucles oomp1lers and 1nterpreters for
opular programming languages like BASIC, COBOL and FORTRAN, However, because of -

their large numbers.and personal use, powerful applrcatrons software which does-not require
significant programmmg knowledge has been developed to rin on personal computers. The
most important categories of thrs-software wh1ch enablee a user to autonomously utlhse a
personal computer are:,

Data Base Managernent Software
' Spreadsheet Software

Word Processing Sofiware

Graphic Software

Data Communication Software

- Dhta Base Management

_ Software packages called Data Base Management Systems (DBMS) had been devcloped long:
~ before micro- eomputerq to ‘handle the problems of mamtammg and mtegranng large volumes
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of ddta on latge machines. The most important dlbtmgulshmg feature of a DBM packagc on
personal computers is that it provides a very highlevel language mterface which cdn be learned -
by a user who is not a computer programmer. In a few hours, it is possible to acquire enough
skill to use the basic featurcs of” DBMS pdckdges llke dBASE III which is the|best selling
software currently in this class.

Thc dBASE I1I package has attained its current popularity mamly for the followmg reasors:
1 Hhi is easy to use and is simple. Tis basic features can be learned in a.couple of hours.

2 Itprovldcsavcry high level language interface whlchlscommand oriented. Some people N

consider it a fourth’ gcncratmn language. In lay man's terms, fourth generation language
means it is superior tostandard programming languages like BASIC, C$BOL, FOR
TRAN and PASCAL; and it simplifies and sometimes even avoids programming in a
conventional sense. '

-3 Small busmcss mformatlon syslems can be easily lmplemcntcd ina few da{s using this
- . package. .- : '
4 This package can be uscd asa tool to prototype laige appllcauons Prototypmg is useful
" for saving costs in implementing large applicaitons. Parts of a large- system may be
implemented through dBASE 111 package to finalise specifications of what users want
through the envisaged appllcanon and how these parts could possibly be lmplemcnlcd im
their final form. '

Like other DBMS packages, dBASE HI provldes fe%l

1 Creatlng _cld_la files on a computer. _ : ‘

2 Mainlaining these data fiies by way of pg functions .f_of adding, df,lqting, editi'ng
- and updating a given set of data items. : ' f

3 Generating reports based on the da created through dBASE 111,

4. . Querying on these data files, : - - . '

To develop an understanding of %ures provided by dBASE 111 package, let us take 2
specific application and se ould be implemented in dBASE IIl. Suppose we are
operating a small business @hich has 1000 customers. We are interested injmaintaining
a list of these customers and us¥g this list for our day-to-day business operations. Obviously
we will have 1o create a file which contains data about these 1000 customers. In this file there

will be one record for each customer Thus we w11| havc a file conta ining 1000 records.

: Bylcs
l o compbsc
Words .
,L_ compose .-
Fie];:l's o ' )
l'_ 'compose o S
Records - ' ' ‘
J, c,ompsc.“'
'Files' o o ‘
Fig.34
1 {a) Describe the hardware ofa Iypl(..dl personal
computcr systcm




) Each reoord will have to comam deuails about a customer. What constltutes 'the necessary .
details' will depend mostly on what use we want 1o make of this data-base. For, the sake of
simplicity, let us say we will have the followmg mformanon for each customcr '

~ Customer Identification code CUSTID (G 1[]29)
2 - Customer Name " CUSTNAME . (V.K. GANDHD
3 Address . ADDRESS ~ (NARAYAN CHAMBERS,
o N . ASHRAM ROAD)
4 City CcITY ' (AHMEDABAD)
5 . Sate  STATE =~ (GUIARAT)
6  Pincode - PINCODE - - (380009)
"7 Phone Nuraber PHONE ' (77334)
8  AmountDue = 'AMOUNTDUE  (5249.25)
9 Creditlimit CRDLMT. (10000.00)

: Each data item listed above w111 form a fi eld in the record structure for the customcr When
~ we create a cistom®x. file through dBASE T package it 'will first want us to spe01fy the
’ record structure for thc file.

For a customger file we want each record to have nme fleldvch for the items listcd above.
IndBASE III it is necessary to give names to each oLthes fields so that they can be later
referred o usmg these names. The. field names wh@ have chosen are shown in the third
column above. Apart from the name, we have to al cate what type of data will be stored
in the field and incertain cases number of char. be reserved to hold the data for that field. .
We will want AMOUNTDUE and CR old numeric data and ali other fields to hold
tcxt or character data. @ _ -

,. Now let us have a quick look a@ague in JBASE I for crea(mg and usmg such a flle
‘When westart the dBASE ML prografime, it prompls by dot(.). Also when it finishes executmg

- a given command, it writes dotin the first coluriin of next line on the screen. ‘Interaction with~ -

dBASE III package: consists mainly of issuing approprlate commands against this dot prompt.

Each JBASE Il command starts witha key word (or verb) followcd by certain parameters. The N |
command for crcaung a file for- customer data would be ' : '

CREATE CUSTLIST

' Note the keyword CREATE which is lyped by the user against the dot prompt produocd by'
dBASE III. CREATE command wanis 2 paramctcr which will be used as a name for the file

so created. The user can choose any name that he desires within the syntactic rules specified ~

by the pdcka ge. Weshall henceforth omit such minor synlacuc details of the packa ge. Weshall .
" use the symbol 0 to indicaie enter or retum key of the keyboard.” o

In responsc 10 CREATE command, dBASE T will prowde a'screen whcrc we can cnter thc .
- above nine tlcld names alongwith their type Chdl"ﬁClel’lSIILS : -

Note that with this- command will havc only specntu,d lhc structure of the recmd fora file whu,h
" is 10 contain customer data. Therefore we should hwc some way of loading 1he cu.stcnmer
rccordq in the CUSTLlST file. For this purpose we will have to ty pc lhe followmg Lommand
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.. APPEND «

With this command we get a screen which provides a blank customer record. As the name
implies, this command will append a record to our CUSTLIST file. Thus, it can be used .-
whenever we want to add one morc customer to customer fist.

In the screen provided wilh above command, we now type the ncoeSsary details ofa customer.
The names of the fields are displayed on the screen to facilitate eniry of daia for a custemer for
which we wish to create a record in CUSTLIST file. After we type in all the required detaits
. about the customer and type < wc getanother blank record in which we can enter data about
next customer and so on. When we lype | right at the beginning of a blank regord we get
back o dot prompl whcre we can issuc 4 new dBASE Il command. '

Now suppose we want o close our dBASE ITT sessionand come nextday to query this customer
tile. We must first exit from dBASE IIL The command for ihis is.

.QUIT | . . ‘

Next day when we start the dBASE IT programme, we must first indicate which file we want .
to vse, otherwise clBASE 111 will not know which file w 6 re interested in. The co}m_mand for

 this is

_ information. Here is a sample list to illust w casy it is.

6 - TO.GET

- @ LIST FOR AMOUNTDU 00 . Details of all customers for whom amount
due is greater than 5000.

.USE CUSTLIST Q o | |
Now: let us Say we want to query on tl'g custoMiCr data for cxtracting diffcrent types of

@ LIST PHONE FOR CUSTID ~ Phone number of a customer whose

='G1029 ' ) ' Identification number is 'G1029’
@ LIST CUSTNAME ADDRESS FOR - Name and address of all customers Il{_rom
CITY = 'BOMBAY‘ : Bombay. _ RN
. LIST FCR AMOUNT DUE > _ Details of ali custdmct_‘s who have cﬁosscd |

CRDLMT : - their credit limit.

@ LIST FOR 'SHAH'$ CUSTNAME Customers who have a character string
o ' - SHAH in their names. Note that this| will
list not only SHAH but also customers like
SHAHNAZ.

WP have seen that just with five commands we can do a lot with ABASE I package Bf.,low _'
are a few more commands which further [[IUSI.I'&IC the simplicity of dBASE 1H pdrkage

0 _. | ‘




— TYPE. - . T GET _

| . AVERAGE AMOUNTDUB S ._Wlll prowde on the screen averagc amount - -
SR _' e that is due. fmm the customers. o
| L COUNT FOR AMOUNT DUE> .Wlll show on screen a numbcr mdu,atmg
CRDLMT - S - how many customers have crosscd thelr

credit hmn

o SUM AM OUNT DUE FOR CITY . Will give how much amount is due from
='BOMBAY' . =~ : customers from Bombay.

 One has to learn only few additional fcaturcs to see how sales and reoelpt transactions can be
used to update amount due for each customer. The dBASE HL package also has REPORT
command for producmg user spec:ifled rcports

. Withthe command verbs, dBASEII also prowdes conventional pmgrammmg features llke IF
" -THEN- ELSE, WHILE - DO. A complete set of dBASE IIl programmes can be des lgned to -
' 1mplcment a mcdlum sized appllcatlon ina couplc of weeks. - o .

Word P_rocessmg o ST
Word Processing software is designed to enable the user @w typed documents. Thus, in
contrast to data processing where the focus is genergisgn n flerical data, in word processing
‘the mainconcern is with text. In the early days of cont @ b a disparaging remark thatcomputer
professionais emptoyed torefer to an applicagign systeth which did very little compming was
to say that the system used the computer as an%&swc typewrltcr With dropping costs and

the increased produgtivity due lo WOFQs g, toddy the mlcro-oomputer can be used as

a 'cheap - typewrller"

"In orderto prepare a document uf -@ pord- processmg packa gc ithas initially to be typcd into -

the cornputer s memory from the k8board. The main productivity improvement comes from
'the éase and rapidity wuh which the document canbe modified. Only when the finished versmn E
s rcady it 1s necessary to put it on paper. Where there are several drafts of a letter or report, or’
where extensive text from past reports is to be used the productivity gains can be very.large. -
Typical situations where highgainsare possible are: law firms, contraclors, ncwspaper offices;
banks and government offices. Studics.in the U.S. have. shown that the manpower rcqulrcd w0
prcpdrc a document can be reduced from 40 to 80 percent over using an ordinary typewriter.
In addition, the documentcan be sent atelectromc speeds overalocal or long-distance network
L other computers easily becanse it’ is in computer-readable form. Thus, word—proucssmg
: 'pr0v1dcs a ready interface to- electrom(, mall

- A typlcal word_-_proc,essmg package (WPP) has the fpllewing features: - .~

: Automatu: wrap ~around . :
Witha typcwmcr lhc typlst has 10 watch for Ihe end of the line and prcss the carriage return
key tostarta new line. Witha WPP typistsimply continues typing, the compulcr automatically
“startsa freshline WhCl’ld lme isfilled up Only attheendofa paragr'iph 1is nccessaryto perform_' '
. a carriage return. - :
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- .. Deletlon o

L mseruon)

Cursor Contml

~ All WPP dlsplay a bnghl movablc area the s:ze of one character on the screen. T
- the cursor. It can be moved around the screen by pressing keys. The Cursor enab]
- userto ldentlfy an area of lexl where hc wants to make changes

his is called
es_thc WPP-

‘Characters, words sentences paragraphs and entire pages can. be dcletcd by usmg thc cursor

" withj justone kcy -stroke. Thé text followmg adeletion will automatlcally getre-ad,
the gap creat.ed by dclcuon ' : : S

EN

' Inserﬁon - K o . L
Justlike delctlon cxccotthal characlcrs words scntences ete, can be mserted any'

tcxt'. o

- Replacement
. Typed characters can over—wme characters in documem (this i is hkc a combmed ¢

Movement of blocks .
A block of coninuous.text can bc moved from any

_ Copying of blocks _ S _ _ C
" ‘A block of continuous text can be oopred frocunicnt to another or from dn |
'-documcnltoanother NS o e )
' -'Fonnattmg o - ; o S .
Spacmg, margms, nght and left J@;&io ,_p-age numbering Cﬂn'_bc set and:cha
time. S o

| _ ’ Be’sidés the above Standa'rd@s a 'nd_riiber.of advaﬂci’«__d:fc_ﬂ_turf_:s'-are_available
‘cated WPPs. Some of lhcsc are’ T I o S

- "Mall Merge . _ _

A common need in many offlces 1s to send thc same letter with changes for name-

10 a number: of parties. This feature enables. the cornputer to process. a file of
o addresses and merge 11 wrth a standard letler creatmg lcttcrs for cach party

Search and Replace

A smng of characters can be replaced anywhere in the documcnt by anothcr Stri
This is useful for example when the spellmg ofa pcrson 'S name has to'be corrcct
places : i :

_. Spellmg checker _ . _
‘The WPP canbe. mstructed 1] check spellmgs and pomt out where erron may have

1t would also suggest what the correct spelling might be. Some WPPs also enable
*.-add words to its dictionary that the user commonly uses but whlch are not in its

' Speclahscd lechmcal tcrms are cxamples of thxs snuatlon
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. r .
Thesanrus _ oo : e \ _

The WPPs can be requested to supply words that arc similarin nicaning to i-particular word
(synonyms) in a docuinent. .. -~ - o L
Muiktipie fonts _ _ _ _
Different styles such as italics and bold as well as different sizes and shapes‘of characters can
be typed (provided the printer has thes2qg ;;‘_is_i{é--fealurésﬁ.'Math_c_;r_na tical symbols, Greek lettcrs
are also avaiiable, ) S ' '

- Electronie Spreadsheets _ _

. Electronic Spreadsheet softwarc hailed as the single most impoptant reason for management use -

of micro-computers. It is doubtful if the business world would be buying micro-computers in
the volume that it dogs if there were no electronic sr;fcadshe::t'packagr:s-. The fundamental idea -
of value in'such packages. is .l.he__o__(mpcpt of an 'cicctronic spreadsheet. A spreadslieet is simply
a sheetof paper with rows and cotumins irwhich one can enter data in l.__he-fo'rm' of numbers and
{cxt. A balagce sheet is a spreadshged, a price listis aspreadshcet, in fact most managerial reports
arc spreadsheets. An clecironic spreadsheet is Tike a paper spreadsheet é‘xcép[ thdt -

1 Itismuch fasterand casier to make modifications to itand to maka both electronicand paper

Cop_ies of it, ) '

2 Atagiventimeonc ca'n‘onlysceaparl'ot‘thewh.ole_sh'c_tat.' 3 ph_rts which are notvisible,
we need & "scrolin' those parts. Tt is Tike secinrcad sheet through a window,

3 Ip addition to allowing numbers and (cxt it aleawd formulas (such as Comrib'utionz
Revenue - Variable Cost).to be entered into™Shg work-sheet. This cnables very rapid
Tecalculation-o be done-under changgasgssurgptions. : -

The most important capability that ggpreadheet offers is that of a straight-forwatd, ra pid and
unobirusive sensitivity analysis. pread sheet has been set up, it is VETY €a8y 10 answer
“what-if' questions. Forexa mplé, if oflehas a spréadshect refiecting ai] the cash-flows and other.
aspects of an investment, we can readily ic-comp,uu-: the impagt of errT'ors inour sales prediction
on the relurn on investment. ' . . ' '
Lotus 1-2-3 is the most popular spreadsheet software package .todaﬂy. The Lotus 1-2-3 spread -
shect (called a worksheet) has rows cntered numbered 1,2,3 uplo 2048. 1t has 256 columns -

from A, B, C, ..., Z throngh AA, AB etc. upto IV. Newer versions can handle more rows and_ '

columns. The width of the columns can be ditferentand can be ad_justed'lo suit the application.
Atany time 20 rows and (typically) 8 columns are visible on the computer-screet. Toviewother
parts of the waorksheet, the 'cursor' key has to be manipufated. The 'cursor’ is.a bright rectangle
of light which is one row by one column in size. By vsing up,.down, left and right arrow keys
{he cursor can be moved around on the screen. When the curser is at the ri ghtextreme, pressing
the right arrow key will scroll the worksheet one column to the right, i.e., the lefi column(s)
will disappear and a new column (the column to ihe immmediate right of the.prcviou_s right-rnost
visible column) will appear. By repeating this action as oftcn as required, we can move the
window to the right. Similarly, by using the other arrow keys, we can move the window left,
up and down as well. ' ' '




~ Toentera numbcroﬂcxi wi need (0 move lhc cursortothe desired row- columi pumum {called
a'cell’). Next, the datz is cotered by pnwsmg the appropriate typewriier keys, F.n.zl]y, when the
Return' key is pressed, the data will getentered in the celf and be displayed on- th screen. To
enter formulas a similar procedure is followed. The only differerce is ihat mslef—zd of data, a
formulais entered. A formula indicates how the value of the choscsn cell deperids On other cells
of the WO“f\bht‘,Ct For exampic, if cell AS contains the revenue figure and cel B& contains the
variable r‘0<;t 4w} the cursor is at cell Ei 5, mturng AL - B8 will ensuré ihat celi B15 will
33‘%’(}}4"1 show the :onlrlhutmu value Lotus 1-2-3 has many oy more advanced f(,amfcs These
will pe covered in greater detail in 2 subsequent unjt. - : _ i

Spreadsheet modeis have a simplicity which makes them natural for users. They; d§00 find use

1 a surprising variery of applications. Ailhouah endoubtedly, their largest use s it linancial
~modeliing, they find frequent vse in arcas like market ting, production, lu‘gu._m.s? and humaimn
r2s0urces, ' . T

- Business Graphics Software
While spreadshects and database packages are vcrv useful in domu analysis, the Oulput ofsuch
analysis is gencrally tables of numbers, The human brain is much more adept d|l pickiag up
patierns from pictonial represeatations. I itis true, as the old adage says, thata piciure fs worth
a thousand words, it is cqually true that it is worth a 1ot nd aumbers. Compulcé;r aceessible
data can readily be converted 1o graphic formon the schgn g well as on paper using dot-matrix
printers or plnt{m Wuh plotters iLis _;jossib]eOve different cojours (fou'f co!:()_ur.‘.i is very

- comon),

T gpicdl business Zraphics ‘!(_}tLeri'L enalbi A 10 e ploticd as: S
L‘#ne Charts : _
Bar Charts ' '
Pie Charts,

Sdphisticated business graphicY software provides for three dimensional display and maps.

Data Communications Software _
‘Inlarge organisations there is often a central computer for data processing which does routine
daia processing. Sometimes 4 manager would jlike 10 get some of this data for 13r:0:e<s~eii1g' on
his personal computer. To facilitate this, data~communications soltware has beet n developed
" whichrunsonthe pcrac;nagwlnpucrsto make it look like & terminai to another computer. Using
this "terminal emulation’ facility the manages can access data from his compuier. Setected data
can be 'downloaded' inio the personal tomputer's micmory and- stored in f:leb O] dl‘xk‘i
'uubscqux,ntly he can analyse these files using DBMS or spreadsheet soltware. mncmmpk of
this kind of use would be a situation where 2 main-frame daia proc gessing ,omputf‘r has Tiles
. on bdlﬁ"? of preducts broken down by month and by region. Downloading on;a peisonal
computer would ¢nabic the manager 1o analyse up-lo-date data on product rna)venh,n.t in
different markeis. | | '
Statistical Packages |
A number of casy-fo-use packages which run_on micto-computers to perform standard
stammai analysis are waﬁab]e Typical capahlhtlcs are frequency . dlqtrli}a_mns -CrOss-.
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tabulations, tests for population means and proportions, analysis of variance, contingency table
tests, regression and corselation anfaysis. More advanced packages would include forccasting
modules, time-series analysis and non-parameiric analysis

Cperations Besearch Packages

\“.[ncxpensivc packages arc available for standard operations research models such as linear
programming, critical path analysis, resource scheduling, simulation, deeésidn free analysis
and network flows. While these packages are not as powerful as software on large machines,
they are far more user-fricndly and cost one-tenith to one-hundredth as much. They are powerful
enough to solve problems of maderate size. For examplc practical iingar progr ammmg models
with less than 100 variables and around 50 :,onqiramts can be readily solved.

Integrated Software

Software that combines several of Lhe capabilities of packages listed above are now available.
Forexampie, LLOTUS 1-2-3 version 2 combines spreadsheet, dalabase, graphicsand statistical
‘capabilities. Another exaniple is FRAMEWORK which combines word-processing, spread
sheet, database and graphics functions. The advantage of integrated software is that the user

does not have to learn to handle a variety of disparate packages so that his lcarning time and

eifort is reduced. Another advantage is that the same data cgn readily be passed from one
_Function to another. The disadvantage is that buch softwarg is ensive and makes-greater
demands on the computer resources. '

Activity A .
Prepare a brief report on funciioning of the com r in Y8ur organisation, mentioning various
software vsed. Name most commonly used lang md five sofiware packages and purpose
thereof, '
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3.5 SUMMARY

“Apersenal computeris a micro-computer system that is available toa user for his éxclusive ase.

. The use of personal computers in management is growing by leaps and bounds. |This is due to
- their low cost, small size, and the availability of very user- frie'ndly software thai runs on these
. machmcs The major types of software that account for the popularity of persondl compuiers
- are: word-processing, database managemenl, electronic spread sheelts, graphus data com-

murications, staiistics, operations-rescarch and integrated software.

3.6 SELF-STUDY EXERCISES

L

TN

Describe the hardware of a typical personal computer system. ' ‘

What is méant by distributed processing? | - ‘

1

2 Whatare the reasons for popularity of micro-computers?
3

4

Describe four important management uses of personal compuiers. -
How is anl electromc sprcad sheet superior to a paper spreadsheet?

~ Describe four funcuons of word- -processing softwardghat would i increase the produclmty
of a typist? o '

7 Explain with examples how adata base jem sysiem pro'vides for a‘dl -hoe querie? |

- 8 Dlustrate with examples the comman lypcihe graphlcs displays prowdcd by business

graphics software packages. - . ‘

-9  Whatis meant by 'down-loa of ddta? ' L .
10 What is mtcgratcd softwarc? Iinyvhat way is it advantageous in usc 10 4 m’aragerﬁ?
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. _UNH‘ 4 SPREADSHEET SOFTWARE AND
| MANAGERIAL APPLICATIONS

: Objectwes T i o R -f _' o L s o
'The Objectwcs of this unit is to glve you an understandmg | . B
' . of the capablllty of sprcadshect software and

R I T

® iisusc in s,olvmgﬁevclal types of managenal problems o

. Structure

41 _Imroductlon

| 4.2 Main features ofLOTUSI 23
" ‘43 Some important commands

44 Summary -

4.5 Self-assessment Exercnse o
4.6 }-Further Rcadmgs '

AL INTRODUCTION _

“Ava Ilabzhty of spreadsheetalong with wo:d.pr ssmg and database managcmem softwarc has
been responsible for the populartty of on I computer with managers and administrators.

* Managers often work with tables. Somefges they review the dataina 1able like in'the case of -

- a performance report which m 1t in by a subordmatc or from the ftelcl ‘Managers also - .
*perform analysis on tables. of tables bemg used for analysis- are proflt and loss
- statements, balance shems budgcts cash ﬂows etc. | \ -

. The concept of a spreadshcct is akm to that of @' table in Wthh row and column utles and input .

. datamaybe entered and some values may be derlved on the basis of other values necessitating
" arithmetic computations. Spreadsheet is in fact a much larger table which is held on an-
electronic media rather than a sheet of paper. A spreadsheet. is always viewed as being made
up of a number of columns and rows. The intersection of a column and-a row: is called a cell.
Acell is the basic unit with which a row or columa’ heading may be associated, a value may

_be input or in which a computatlon may be performed. In Table I a profit and loss statement - o
s presented foracompany. Toa manager the table presents the level of proposed actwlty durmg o

| . the year’ 1986-87, revenues that would be generated, both variable and fixed.costs that would -
~ be incurred and the eventual profit that is expected'to be earned. The table can be v1ewecl as

“consisting of 8 culumns and 20 rows and it could be said that the titles for each row are stored. -

- incolumn A and the oorrespondmg values are stored in colun B. It may be noted that the title
" of the table, each row label ora corresponding value can be associated with one specﬁ‘lc cell.
For example, the jabel 'Sajes Qty.' cani be associated with cell A5 and the correspondmg value : .
of 90,000 with cell B5. Notice.that a cell is addrebsed as a colurnn and a fow. Table I will be '

referenced many nmes in mc ]atcr text. It may be useful Ly crcatc an exact copy nf ttus tablc in . .

a separate shcet
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The profit and loss statement in Table 1 is a typical example of a tablie with which managers
would work. In projecting the profitability for the next year a marager would like t work with
various assumptions regarding production level, prices and unit costs. He would, in fact, like.
1o comstruct a scenario in which his expécted profit is as much as possibie. For tuis purpose
he may wish to determine the consequent impact on profits if the production was raised to full
capacity. He may like to ask similar guestions regarding price, unit cosi, advertisi ing expendn»
tures - items which are somewhat {inder his control. Spreadsheat provides an easy mechanism
to do such analysis which is typically known as 'what if' analysis. '

- TABLE: - _
A B c D E
1 ' ALPHA CO. ' |
2 PROFIT AND LOSS STATEMENT 50-91
~ ] 3 . . |
4| REVENUE  _ . PARAMETERS - |
S| saesau, _ 90000 TCAPACITY  150000.00
6| Unit Price : .4 N CAP UTIL. s ‘ 0.60
7| Sales value 360000 Q UNIT MAT. COST ' 1.60
8| VAR COST S UNIT. LAB. COST | 1.10
9| Materials - 9_000 - UNIT SHIP COST | 0,04
10 | Labour- _ _ W 'RATE OF COMM. 005
11 | Shipping = - . Q660
12 Commission o Q’lﬁﬂ[}l}
13 | FIXED COST Q) S
14 [ Advertising B 40000
15; Fact, Overhead - 83000
16 [ Adm. Exp. ' 22000
" —— -
18 | CONTRIBUTION T 149400
19| TOTAL FIXED COST] : 150_060' _ .
20 | PROFIT/LOSS T 0 ' ‘ '

Note: It may be advisable to make a copy of this table ina Separatc shect fo.r fu rther ref&:rencc

: Spreadshch is a software which would allow you to create tables as in Flguqe 1 and 0 -
manipulate aumbers in these tables to perform 'what if analysis. Several spreadsheet packages
 are available in the market. Some of these are VISICALC, SURERCALC, MULTIPLAN,
LOTUS 1-2-3 etc. In this unit when we discuss the mechanics of creating and working with a
‘'spreadsheet, we would do so by discussing some elements of LOTUS 1-2-3. This package i is
available on IBM/PC compatible computers having at least 256 KB of memory. forc than a _
million copies of this package have been sold. LOTUS 1-2-3 allows a user to work with tables
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whiéh may Be as large as _2,_048 fG\ifs éhﬂ 256 columns. 'Ciuumml, are nﬁxﬁbtfed frl'om'A toZ,

 AA 10 AZ and so onup to [V, The rows are nimbered fmn 1i0 A048 When the L'C}TUS 1.
2-3 programame is execuied op 4 PO the work.,i"eet qcrecn thai appcdrs an the monitor is a.hown Lo
in Figure 1. Mosts readsheed p rackages have similat format. Notice that there is 4 thick hoider
 (¢n the monitor it will be in veverse vides) within which the column and row numbers are -

- indicaied, The area to the hottom of thé border is cailed the worksheetarea in which orie or many
tabies may be created and wanipulated. Above the border there are three tines which are called
Lhc oomfol p(mcl We will fll‘bl undcrstand how i‘(, opcr‘ne in thc workshéet area. '

Mthough me total worksheet arca is drge (’2 56 columns and 2048 rows) thc afea that can be
- seen atany tine Is small. One can see 20 rows 2ad 8 10 9 columm Of course, the numba of
columns that can be seen depestds on the width of the columr whigh can be defined by a user,

Thus, if the width of thé cofumn is 1 charactér 72 columns can he seen and if it is 72 characters

only one column car be seen. The first thing is therefore 1o Icarn to see the other parls of the
'wmff;)lw;,twh;\,n arc hidden at any pointof time. The scr een in Figu;re I shows, the cursor which
 is a Jighied area coveting uX'iCi;}f one cell. Currently, it is shown covering cell B2 This Cursor
canbe moved about by pressing certain Keys in the keyboard. 1tis extremely wpormnt to be
famﬁ iar with the key board which is shown inx Figure Ii (See in Appendix), The keys marked
with arrows when depra,squj will result in the movenont of the cutsor one cell ata time. Thus,
if the right hawi arrow key is depressed five times the cursor N i move m cell B2. Ncw Ef Lhe
_cursor is mieved once mor e,mtm:r than going over '

N .ormlv iappmg thc key severai times to move
. There are page up and page down kﬁys to

move 20 16ws 'or"many columns (72 cha

o bting the cursor to A fiom anyn the- workshet:t

T hru: lypcq of mfon nation can be siwed i m any cell ina wor'lmﬁeet Labels (eextuai information}

whichis nors mlly used 1o indicate table mics or tow and col umn headings. Mumbers whichmay -

© Be input to indicate values of different iterns in 4 table and formul%‘a which wﬂf reiate: Ihc value
ef a celj to the dqta stored in othu cel!s o ' '

‘ietus wiemtand lebels, msmber and fomwld with refercrcc (0 the’ Table L. Table headmg, "

Company name, ‘_{wem:e‘ ‘Unit Price’, 1ames of various cost elements, eic. are labels. You
. would notice that corresponding vatics shownm the table are either givenor derived from other

~ walves inihe table. Forexample, the value of unitsales is given aswell as the value of unit price.
However, the value i cs:l'l BY showmg the sales value is derived from Sales Oty and unit price. -

Normally, a person Riay use a calculatur 10 perform such arithmetic. However, cach time the
prices of the 1mits are changed the ‘arithmetic would have to be pcrform(,d again. In a spread

‘sheet, the user would be able to write a {orrula for such derived values. For example, in cell' .
B7 the formula would be BG * BS expressing revenue asa quantlty o‘namcd after multiplying a
\khe value in BS with the vaiucb in B6. When cells addressed BS and B& arc used in a formula
itis 1mmatcnal asto thl is the aciual number it these cells Whatcvcr is the aumber in these .

-cells atany given titie will be used to derive the value of revenue. Therefore if the value in BS
is chan;,a,d from 90, um to 1 5[} 000 the %alcs value in ocﬂ B7 will automatlcaliy becomc
169000 R ' . : _

iersyatatime, There is also a key home whu,h can’




To put labels, numbers or formula into a cell the cursor must first be positioned in
cell. Remember that the cursor can be posistioned by mampuialmg the annw
‘pesitioning the cursor, texiual matter or numbers may be typed in from the key bor

the specific
keys.  Afier

of a computer key board is just like the iypewriter key board: However, when a forfy

ula'is typed

rd. The use

_célis Thus the fOHOW!I]é, formulas

~B1Z2 +-EIO * B7 Toial Sales Commission = . Rate of Commission X Sales Value

in, to distinguish il from a number or text it must begin by a (+) sign. When a lab¢el; dﬂumber
or a formula is type d i, it will appearon ihe third line of the control panel. After the returs kcy
is pressed the matter will get stored in the cell {will appear in the celi and will disgppear from .
the third tine of the control panel). The first linc of control panel always indicaies the cell in -
which the cursor is positioned and its conients. If the contents ate-a formula, A;e formula

e¢xpression would be shown. However, in the celi if lhe contenis are a fmmulzfthcn.éheﬁr

comjruler value is shown. : .
Let us see h_ow the profil and loss table can be created. Firr;a, the cursor will be In hved to cell

Ciand'ALPHA CO' will be keyed in followed by a 'etursy’ and similarly PROFIT AND LOSS
STATEMENT 91-92 will be stored in czll B2, Then the cursor will be moved fram cells A4
to AZ0and in eachcel! the respective row label will the typed foliowed by a return. The a_mo_um'
of information stored iz a cell can be large (uplo 240 characters) and will be displayed on the

-screen as long as the cotumn width is adequate o the cells in the next columns are blank.

: Slrmlarly labels will be stored in D4 to D10 for various paramesers whose valucs w;ll bestored

in corresponding cells from E4 to E10.

Th¢ input numbers whichare 'given’ and which do notv: he shori-rurswill be ty ped innext,

- These ave capacity, various elements of tixed ¢ ! E d unit costs. Each number will be keyed

into the cell corresponding with the label, For e the number 1,60,000 denoting capaciiy
wiitl be typed in cell ES. The scicen wilk appear as in Figure I. ' '

‘Now the formulas can be typed in togompiie guantities which d epend on the value of otirer
typeq in: '

Bﬁ . + ES * E6 Sale Qty. 3 X expected cap utilisation

B7 4+ B5*B6Sales Va le Qty. * Unit price

BY :+E7*BS Toal materia (,ost = Unit mat cost * Sales Qty. .

B10  : + ES * B5 Total labour cost = Unit labour cost * Sales Qty.
B11 :+E9* BS Shipping Cost = Unit shipping cost * Sales Qty.

apacr

B18 .+ B7-BY-Bi0-B11-B12 Contribution = Revenue - Variable Cost
219 :+B14+Bl15+ 816 Total Fixed Cost
B20 :+ Bif - B19 Profit = Conmbutlon Fixed Cosis

Ounce the above forinulas are typed in, the cells will indicate the \,omguted v&luc ofthe formulas.
Now the worksheet is ready 0 be used for what-if analysis.

For example, the Sales Manager of Alphabelieves thata 15% reduction inprice will fill thcplam_

to capacity. Is this move desirabie? This can be determincd by changing the contents of ceil

E6 to 1 (reflecting full capacity ullll‘idllon) and the contents of B6 to 4% 85 (reflecting 15%
reduction in price). As soon as contents of a cellare chianged, the value of all éells which depend
of thc value of the cell in question will beantomaticaily recalculated. (Unless the yser wishes
not to recalculalc the leuc«;) Therefore, on changing E6 and B6 to the new values BS, B7, B9,

-B10 B11, B12, BIS, B20 will be immediately rccaiculdted In small worléshccts the

-
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recalculation is almost instantaneous. The new profit/loss-can be read oif from B20. This. is the
fantastic power of a spreadsheet.

Another scenario which the MD of the company would like-to evaluate is Lo increase price by
25%, increase advertising by 12,000 and boost commission.to 10% of sales value. He thinks
Sale Qty. will increase by 50%. Such a scenario can be evaluated by pluggmg in the new
numbers in appropriate cells and noting the recalculated profit in B20.
' Figure I |
Lotus Screen for Alpha Co..

“82: PROFIT AND LOSS STATEMENT 1990-91

A B C D E F -
1 - ALPHA CO.
2 PROFIT AND LOSS STATEMENT 1990-51
3 o
4 REVENUE _ ’ -PARAMETERS
5 Sales Qty. KIOOOCCKXK CAPACITY 150000 00
6  Unit Price _ 4 CAP UTIL. (.60
“ 7 Sales value SCRHKIHK KA, T UNIT. MAT. COST 100
8 VAR. COST UNIT. LAB. CQOST 110
9  Materials : KKK UNIT. SHIP COST 0.04
10 Labour C SO HHOKHA RATE ORCOMM. (.05
i1  Shipping DORIXK K oo
12 Commission KOKXAKXXX :
13 FIXED COST : :
14 Advertising . 40000 O
15 Fact. Overhead 22000

16 Adm. Bxp. 22000 ?\
17 -
18 “CONTRIBUTION  XXXXXX :

19  TOTAL FIXED COSTXXXXXX
20 PROFIT/LOSS XXXX X

4.2 MAIN FEATURES OFLOTUS 1-2-3

Ability to build fairly complex models ‘quickly

The model discussed above was a simple one. It modelied the profits as a function of various .
parameters like price, unit costs, capacity utitisation. Such a warkbhect could be put up in 30-

- 45 mits whereas manual calculations or programming the probiem in a conventional language
like BASIC could take much longer. :

The modei built earlier could be further refined. Currently the worksheet does not relate :-,alcs
to price, commission or advertising expenditure. The relationship musl exist (as when the MD
expecls 50% increase in proposmnn 2). However, it has not been modelled explicitly.

Such a rclationship could be modell_cd in LOTUS 1-2-3 by expressing sales qty. in cell BS as-
a function of price change, advertising expenditure and commission through tormuias.
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) are llsted in. Appenchx

_ perform such analysis in an auto

Sens1t1v1tyAnalysis Y o N R
Ability to perform what-if analysrs %ﬂl_ atedin the earlier examp_le. LOTUS 12-3can also
4

' Alternatrvely a3 way table could represent the sales quantity as a functlon of the three

parameters. We have not discussed howsuch a table oould be burlt and used but the approprrate \ '

' commands will be described in Appendrx o

_Functlons in LOTUS

- There are ceriain compulanons that need to be done frequently by maria gers. LOTUS 1-2-3 has -

therefore predefined formulas for'such computations stored as functions. These tuncuons can .-

be used as formulas or within a formula For example the total of a number of ce s could be

~ computed in any cell by using a function @ SUM (Cell range and/or cell addresses)'.' :
. Specifically. for the worksheet discussed earlier, total fixed costs in B19 could have been. -

expressed as @ SUM (B14.. B16). A numiber of such functions for mathematical and statistical
computations, trlgnometnc funcnons fmancral analysrs lrke net presentvalue that areavailable

. Mentlon must be made of funcnons that provrde loglcal capablllty of choosmg one of many. ;
optrons If the tax mcuienee had 10 be computed for Alpha company in cell B21, gwen atax - o

rate stored in E11, then the formulae i in B21 could have been: @ IF (B. 20> 0, B20*E11, 0)

" - Sucha functron first'tests a condition - in the presentcase the condition is: is the profit greater

than Q, ie.is ita profitoraloss.If the condltron is true then the cell (where the function is used)

- will take the value indicated immediately after the oon_ jtion. In this case BZO*Ell which'is,
-the 1nc1dence of tax. If the condition is false (Alpha
value iitdicated by the third expression in the bracket i
* such functions Wthh are also listed in the Ap @

s magde a 1oss) then the cell will take the . |
; ro rn thls case. LOTUS has rhany

’recalculated profit from B20 and to store the valu€ in cells F14 to. F20 automatrcally Notice - |

-the convenience of doing the analysis automatically vis-a-vis doing it by- ehangmg cap
_+ utilisationin cell E6 manually and: thenrecordmgtheprofrtﬁgure in asheetseparate yorkeymg' -
-t manually into cells F14 to FZO - : :

'LOTUS 1 2-3 Commands

__'We haye seen in the earlier parts of this chapter asto howa table can’be created and: mampulated g
- usinga spreadsheet package. A spreadsheet package also. offers the user the flexibility of re-
* arranging the matter in a worksheet. Thus, columins and rows may be shifted (w:ttﬁout having
: 1o rewrite formulas), certain cells may be érased, the screen could be splrt up ifito two vertical
“or horrzontal windows, the format of numbers could be changed and the width of a column '
~could be adjusted All these and. more operauons can be performed by eéxecuting specific -
- commands from a command menu. A user can also print the contents of a worksheet, create a g
- fileona ﬂoppy for subsequent acoess and data canbe read into a worksheet from other types .
- of frles : - : .

_—’

a2

_ y. For example, a separate table may be created for B
N _eapacaty utilisation varying 1.0in steps of .1incells E 14 to E20. Tt would then be
~+ possible to instruct the LO stem through a command called DATA TABLE (listed in.

~ appendix}to subsmule eachof fese valuss one by one incell E6 and to read the corresponding



Thecomma nd menu likea restauram menu offers various ch01ces of Wthh one may be cxccutcd_ -

(unlike in i rcstauram) ata time. The command menu for LOTUS 1-2-3i isshownin Appcndlx .

* A command menu may ‘be viewed on the screen by typing a slash: Orice the command menu -
isuponthescreeninthe second and third lines of the controf pancl, the worksheet enters a menu

mode. You cannot then mampulate the Cursor in the worksheet area and therefore entering or - '

changing data inthe worksheetis temporarily suspended. Toexecuie a command the first letter
‘of the command may be typed or the cursor ont the command menu can be pointed to the ‘;pSleIC :
~ command (by moving right hand and left hand arrow keys). Atter pomtmg to the specific.
 command, thé réturn key mustbe depressed to exccute the command. Onexecution the LOTUS
systems will ask forothert relevant inputs which need 1o be supplied (rom the key board. It is
best to understand the execution of these commands on a PC by aclually working with the
software However, in Apnendix a new line explanation is gwen fcr each command to explam '
“the: faclhty that the command offers L : '

4.3 SOME IMPORTANT COMMANDS

We. have chosen to dlseuss DATA and GRAPH uammands in a little detan because ;hcse
commands enable a LOTUS 1-2-3 user-t do more than the 5prcadsheet analysis discussed -
earlier. The COPY command is d]SCU.S‘iCd in detail because it tly [acnhtates the bu1ld1ng up -
’ of a worksheet m many sntuauons S N 4

.Copy o _ Co o R .

This command allows the iser 1o copy the coeeqts of a group of cells from one area of the
worksheelmtoanotherarea Forexample on%sh 10 create copies ol iabels and formulas -
incoluminA & B in thealpha workshee. ythet columns in E, F, G & H etc, where the profit
' -and loss under different. assumptions coWild be shown. .Flrs_; we will have to understand the
mechanism of addressmg group ls. e, " I

o In LOTUS 1- 2—3 agroup- of cells is cdlled a RANGEand is dddresscd by 1hc left hand top corner

- cell and the right hand bottom corner cell. For example the cells containing labels i in column-
Aof Flgurelwulbe referred toas Ad..A20. The figures bclowmdlcate the address fora column
'of cells, a. row of cells box of cells ora smglc ccll s

AILALY CILCH- COCCILEB S . _FILHD

-
NN
N
P




hich cells are -
peing copied
However, in

- When a COPY command is exe(,uted the user must spec1 fy aFROM RAN GE (w
to be oopled) and a TO RANGE (lo be COplecl into which cells) When the cells

.7 copyinga formula the contents of a'cell may get altered A formuila like + Bi + ¢

~ contain labels and numbers an exact rephca is created when the copy is made..

would be 1nlcrprelcd as adding in ccll A2 the contents of a cell which is one row al
‘column tothe rlght toacellwhichis one row below and 2columnns to the nghl Thus
rnterprets the oe]l addresses in a relative marnner. When the contents of cell A2 are

"3 in cell A2

5 (he. formala
e.copied into

o another cell say B3, the relative nature of the formula will be preserved by approprlately'

o rodefmmg the formula Therefore the. formula in 83 wrll read C2 + D4.

. oty e

77/
ClL T /7// -
.4

However, if the formulas in A2 red as $A$2+ $C$3 (each r'our- and col
prefaced by a $) then such agaddreSg is called an 'absolute address'. When such
copied , their [orm remauu%and the resulting formul;is-in._'BB will contiftue

$C$3

In desiguing worksheets many.times identical computation/operations need 10 i
- onseveral cells. For example profit computations.for one yearin a colum'n‘may
in other columns for- future years. COPY command applied o relalwc absolL

” addresses (A$2 $A4) can be very useful.

. Data Baqe Capaclty

A LOTUS worksheétcanalsobe used to create small data bases consrsnng ofupto

-and upto 30-40 (lheorencally 256) fields in gach record. ‘The fields are detlned inc

- the first row defining the names of each field. '"he data for each record is stored i

rows. Such a data base can be dcfmcd inany area of the worksheet and can use all

ol a %preadbheet softwarc

One of the DATA Lommands will lhen allow a uscr to QUERY the data base i.€. s
which satisly a criteria defined by the user. For example, ifan employee data base
the user could select employees samfymg the” followmg typ(,s of LOI‘ldlllOﬂS

@

b

umn address
rmulas are
be $A$2 +

c carried out
be repeated
t¢or mixod :

1000 records

olumns with
1 SUCCESS ivé.
the fe'a'lure:;

elect records

was _crealeq,. ’

pove and one



Salary . > 20()0
Plae = Ahmedabad
Salary . > 2000 AND Agc > 40

GRADE —BORGRADE 5.

-Thc user would have tospecify such criterion inaspecific formdt ina dcsngnaled RAN GE called
CRITERION and will have to indicate to the system an INPUT RANGE specifying the location
of the cells containing the data base. Through the use of data base functions in a cell, statistics

like totals, variance, ctc. could be compuled for sele(,l records dutomaucally

A command called SORT also allows 2 user 10 reamngc the data base in asccndmg/descendmg
_ nrdcr of value of any field. : e ”

Graphmg Capablllty

The. GRAPH command allows a user to draw various types of graphs on !hc basis of data smred
ina workf.heel The user has the option of drawing a BAR CHART or a STACKED. BAR for

. upto 6 variables at a tim¢. For cxample the bar chart befow plots salcs, variable cost and profiis
‘for two years. B .

600 4 ' O;i%. 7
500
7, T S—
300 4
'_200. 1

wo 4 - v

A pie chart can be drawn on any set of data which reprcsents the varlous elements of a whole.

For éxample, the pie chartabove represents cost element of the total costina year. The GRAPH

- command-also alfows the user to draw a graph between two variables, each represented on one.
~ of the axis. In such graphs a pomt will represem a pair 01 values for the fll'Sl and the second:

' varlables




44 _SUMMARY

This unit dllcmplcd 10 €xpose youto the capabllmes ofa spreaclbhect software and|i
"o LOTUS 1-2-3. The mechanics of using LOTUS were not discussed. ']1"hc';c mu
on a PC by actual use of the souware :

| Thc sleps mvolved in usmg aspreadsheet pat;kagc for solving problems typically

by managers were discussed. The case with which models can be built-was illustrated. Broad .

features of LOTUS 1-2-3 which combines spreadshect graphics and data base we
Fmally some advantages of using spreddsheel packages were documented '

' Th(_: LOTUS is popular because of the_usabilily of sprcadsheet analysis in.va_riouf
problems, and the fact that it can be learnt with little effort. There are some featur

in particular
st be learfied

encountered

re described.

s managerial
sof LOTUS

. that have not-been mentioned sb far, It has an extenblve HELP facrllty which provides.

. cxplanation of various commands and functions. HELP can be used by pressing
 key (keysto the leftof the key board) F1. There are 9 other functlon keys Aoneline
is glvcn for all the functlon keys in the Appendix.

: LOTUS also offers llmltcd programmmg capability tl@dACROS These mig
~as advanced concepts and allow a uscr to repeaggevera TUS com mandq thro
stroke. Macros also allow a user to repeal a sed @ of mstructlons and creaic SH
which can be displayed on the control panel. M¥e
design easy to use worksheet templates [
simply making menu chojces c-_vcnea m ager unfam-iliar with LOTUS.

LOTUS 1-2-3 was' debigned for pelgrming financial *1n*1|yslb tike budgclmﬂ ra

cash flow andly51s investm |I lysm and [easing; loans and amormduon cor

HOWevcr MAanagers suon QISLO ered its use ina varlety of other appllcanons Tod
1-2-3 is extensively vsed by marketmg managers for analysis of markets and sa
forecastmg,, costing and pricing, retail malysts allocation of promotional expend
‘been rcportt,d that 20% of the LOTUS sales are to engincers. In [(u,t all typesof p
'arc usmg it. : -

se of MACROS is by prof(,s
icular types of analysis. which car

the function
> description :

htbeclassed |
ngh one key
ecial menus
sionals who
1 be used by

tio analysis,
putation.

ay, LOTUS
les, demand
lrl'ur't_:. It has
rofessionals

4.5 .SELF-ASSESSMENT EXERCISES

Stalc and cxphm what a Lommand is Lisl some LOTUS 1 2 3 Cnmmand‘

2 Describe different functions and ’lppilt'lt]()ﬂ's of LOTUS 1- 2 3
3 . Describe varjous LdpdbllllILS of a'spreadshect snltwarc
4..6 FURTHFR READINGS |

.Mu,hdt,] Laric and Rondld 1984 LOTUS - 1-2-3 Manual, Lotus Curpordtion
LOTUS 1-2- 3 for Mar ke:mg and Sai'e,s Pl(,nllu, Hall: Lnga]wood Cht!s

Dou‘s_,lds Ford Cohh and Leith, Andusun 1984 1-2- ?fm Busmess ()n(, Corpor
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Geofferey Leblong and: Douglas Ford Cabb 1985 Usmg 1 -2-3 Que Corporauon
Jorgenscn 1986 Masrerl 2 BPP Pubhcalmns New Dclh1

Gilbert-and W1lllams 1985, ABC of 1-2-3, BPP Pubhcauons New Dellu

Brooks 1987 1 01 Spread Sheet Exerc;see Mc Graw Hr,H New York

APPENDIX

WORKSHBET

Global

Format

Lebel-Prefix

Column-Width

Recalculation

Protection
Insert

Column

Row

Column

Row

Column-Width
Set

Reset

Erase

Window

Status

LOTUS 1. 2 3 Command Trees wnth bnef descnpl‘mn

Controls over-all settings for all the cells in a worksheet

Set the display appearance of numbers (various formats: Fixed
Scientific, Per cent, Text, elc.)

Control label alignment within a cell
Left : nght Centre

Sets width of - all columns May be 1- 7"’ chamcters w1de

Conlrols recalculanon opnons
Natural Columlbwnse, Row-wiséyAut@natic, Manual, Iteration

Contents of a protected ce 1ot be modified: Controls access to
protected cells lhrough En? @ isable - o
Creales a blank colu ow . . _

Shifts the cont of a columns to the r1ght ofa spemﬁed column
by one colu e rmulas in shifted columns are readjusted
automatpeally

Shifts 1 ents of all rows bélow a specified row down by one
row. The formulas in shlfled rows are adjustcd aulomaucally

Erases the coitents of a spemﬁed column and shifts lcftwards The
contents of all columms fo the right by one column

Erases the coment ofa spec1 fled row moves upwards the contems of
all rows below by one row .
Comntrols wldth of a specified column
Set new width -

Returns fo global width

Erase Clllll‘e worksheet

Spllt dlsplay screen in two parts - - Horizontal and Veftical. In each
part the entire work sheet-can be scrolled ina synchromsed or.
unsynchromsed mode

Display global seltmgs
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RANGE
Format
 Label-Prefix.
Erase -
Protext . -
Unprotect -

" Name -

- COPY
. MOVE

CFILE
'Ret_ri_'eve?
o _. Save - |
PRINT
‘GRAPH
Type -
'L_Tl_e.
ﬁm-‘__
XY

* Stacked-Bar
XABCDEF

RESet
_ Graph _
 XABCDEF
' .'_Qu1t_ h

View

' .Sa_ve"

DATA

Rl

Table

' Simildr to options under worksheet but operate ona Spt

- Copy range conferits to. new locatlon Pre\rlous contenfs
: loeanon are erased = '

. store worksheet on dtsk file -

i Graphrcs commands

~_symbois ' L ) .
- gmpﬁ;@xrmum of 6 data sets (A F ranges) as clustered bars
pl Rpairs Yalues of 2 data sels as poims ona XY graph qn Wthh both

= _ Graph A sulgle range as pre chart -

;. ,clear all graph settmgs o

L 'rernove range from current graph
: .-fdtsplay current graph onscreen .
T save curreut graph as a picture m d1sk f'le

' -Data base COll]lll’ll]d _

P tahulate lormula values SR

the worksheet

A range can be gwen a name (CREATE) through whic
refereniced subsequently Names can be deleted (DELE
labcls can be uscd to name adjaeent cells (LABEL)

locations are erased
retneve worksheet from disk file B
For printing worksheet

\>

sclecl graph type '

scaled

cl ific part of

h 1t:ica'n'-bet-.
TE) and o "

of the new -

:" Move range eontents to new locatron Prevnous contens of the new

N graph upto a nwn of 6 data sets (A F ranges) as lmes-and}or_ .

Do grap_ upto ; a maxrmum of 6 data sets (A F ranges) as stacked bars

X range. dEfmes the Tables that would be used on the X axis of 'Lin'e, :

return settmgs to defauit values

return to main- Graph menu o

1

fill range wrlh a sertes ot numbers
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- bar, stacked bar and onthe penphery of a pie chart. A-F ranges define
- thedata sets that would be used to plot the graphs e




[ N

- Sori

- Data-Range
Primary-Key

secondary-Key

rd!l(\lﬁﬁ‘ltd”}' vary contents of one mpm cell and tabulate one or
more formulzs. Contents of mpl.\t cell to be taken [rom a column of

. numbcr\ stored j ina spﬂ‘mﬁed ares of the wor] sheet, prior to

execul mg 1he co !l‘li‘l’ldl‘ld

Auntomatically var} contents of fwo- mpm cells and 1ahula|e ane

~ set range to shoxt

uormula Conlenis to be picked up from a column aad row of numbers
already created iu some area of the worsksheet. '

Rearrange records (rows) in a daia base 1 4 *;peuflcu range on ‘the
value of one tield {column).

sel first colmmn io sorion

set second eofumn to sort on

Keset cuncel afl sort setiings
G pér.fm"m ihe sor
iQuit _ return to/Data menu
Qu ery pesform operations on a database
Jupui : specify the database muge
-'Cﬁ.iicrion _ specify the range where selection crittg ili be specified-
' Cutput - spectly the raiugé w'h‘,-_re.sclcf' ; bcrds will be output -
_. Fii-u'i ‘highlight records maichjgy crifé
- Extract copy-all. records matchinBiiiia 1o oniput range
" Unique extract, bui dele
Delels delele all regeuds Ching criferia
" Resei. caneel inp >riof and outpui ranges
“Quit return to Ready Mode
: fDistribution calculate lrc,queucv dlbtl’lbﬂh{)n
“QUIT Jeave 1-2-3
F1-T'10 Operations
Fﬁnction K.ey' . Name Operation

Help.

Edit

Name

Abs

GoTu

_Dlspla ys. thc Help Screen
lhe E{hl Mode

‘Switches mto or ouf of
In :,he Point Mode dmplavs menu of mngc names

In the Point M’od., designates coll sddresses as absoluie

~ Used to move the cell pointei 10 a designated cell

49




F6 . _W__indow_ ~ Used to move the cell poinier to the olher sid'e of the split screen -

CFT o _Qu'ery_ - Repeats the Data Query operatlon laet used

| ‘Mathematical |

B Table
S Gale.

- Repeats the Data Table Operatlon last used E

. Recalculates the worksheet

Recreates the last graph drawn

" 1.2.3 Fungtion

Function -

Configuration,

Description

@ABS.

@ACOS K
. @ASIN: -

A

- -@ATAN |
 @ATANZ

@cos
@EXP

@NT.

C@LN

_-@LQ:G_' |

@i .
@RAND.
@ROUND

" @SORT

~@TAN .

Statistical
'-;.@AVG o
.-'@COUNT o
@max -
@MIN

@™
- @SUM

. @VAR .

@ABS @

@ACOS@) .
| @ASIN (a).
 @ATAN (@)
" @ATAN (a,b)
. @CoS@) .
N @EXP (a)'- ._ o
e
@LN(@)"
@LOG (i)

. @RAND

 @ROUND (s,b)
@IN@ .
' @SORT(a)

@TAN (A)

: @AVG (llst)

@COUNT (llsl)

. @MAX (list) - \
. @MIN (list)
. @STD (list)
@SUM (list)
 @VAR(list)

o absolute value
-arccosme -
arcsine

2'quadrant arctangcnt e

4- quadrant a% nt-
CDS]I]B C
exp_on :_

- iplgger

N naffral log

olute. value '
modulu_s ofa/b +

(P)

" random number (0 to 1)

ijouﬁd a to'b decimal places-

sine .

© square root

tangent - -

_.average of values. ina llst _
_counts 1lcms ina list '

: maxmmm value in a list

mlmmum valuc ln a hsl

* standard deviation of & populduon
'sum ofvalucs inalist

; varxanc_c_ of a population
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. @IF

' @ISERR -

@ISNA

 @FALSE

{@TRUE

- Fi i_mlncia_l o

@FV

@R
o @NPv

#

o1

. @PMT

" Database |
- @DAVG

@DCOUNT
@MIN

@DSTD .

@FALSE 0

o _@NPV'(_iﬁEresl' present value of a .s.é,
- rate, range) - A

- @Pv (periodic pljéseﬁt_ va]u'e_"-..
. _periodic__inleresi R .

- rate,wo.of N

- periods) v L

| - _.'II.@PMT (pﬁl‘incipodrc.pajmént _ﬁ_zﬁ.dum.

) (He;?_e ta? is the llumbef'of columns to tl_{e_ﬁ'ght of 'lefi-mosf)

criterionrange) .- B
'@DCOUNT-  *counts records that, meet Criteria |
. range,a, . o L
* . crilerion range)

. @IF (expressron “if e;ipre_ssidn = true, true claus_t.;-. o
-true__qlaus'e, S if expression =/= true; fal_sé_c]ausef
- false clanse) R
" @ISERR(a)  1,ifa=ERR"

"0,:"ifa\1_=. ERR -

 @ISNA(2) LifaNA

0,ifa==NA

@TRUE 1

_ @FV (payment, future value . o

interest,

periods) - - ;
@IRR (guess, - internal rate of return,
range) R

. \ equal pay-rhé:nts

payment.

“periodic interest ¥
* rate, no. of
. periods)

:

i

@DAVG - . averages of values meeting criteria

{input range, a,

| B @DMIN (input . minimum valu'c_ that 1.ne.els_. criteria .

range, 4,

criterion range)

. @DSTD (iﬁpul . standard deviation of \_{alufe_s meeting cﬁfe‘ria_
© . criterion range)’




@NSUM

. @DVAR

Date

. @DATE

BDAY
@HONTH
@TODAY

@YEAR

 Special

@CHOOSE

@ERR .
@HLOOKUP

@NA
@VLOOKUP

| @DSUM (input
. range, a, B
criterion rarge)

@DVAR (input’

FANge, 3
chterion range)

EDATE (year,

montk, day)
@DAY (a)

- @MONTH (a)
@TODAY

@YEAR 3},

@CHOOSE {test,

TCSPOTLISE,
fﬁspohse,
FESPOSE, ...}
@ERR
@HLOOKUP
(test, table, a) -
@A -
@VLOOKUP
(iest, table, a)

it of values meeting criteria

variance of values meeting critéria

refums a date sérial no,

day number of a dae serial number
mwonth number of a date serial number .
returms the last dale input when 1-2-3 was
loaded ' o .
‘year number of a date serial nunber

selects an argusnent

‘ERR

horizontal look-u
"NA 0

vcﬂic@up _ _ ‘ :

) - \Eizse .Kc‘y Eazrd
*LSMECTAL . .
FUNCIEIN KEY . AEWRIT (1 NUMEC KEYPAD
SECTI o . SECTION RETURM SECT ’
— Y imy i 3 . e o Seaell] -
E HOHEODOEE L&D LD
. - -
e — B ) Y [
EHEOOEOBE & |

. B @@ n

SHIFT
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BLOCK? ~ MIANAGERIAL
APPLICATIONS
OF COMPUTERS

This block introduces you to the role of compuiers in cftu. ient and e[ff,cwe pcrfnrmancc of
various management funciions.

Unit 5 on Compuicr and Management Functions introduces the role of compulcrs in
management decision-making and explores thelr uses in mana gement disc 1pl ines iike Finance,
- Production, ]nw'nto icS, Mdlﬂlﬁlldﬁ ~e, Marketing, Personnel, ctc.

Unit 6 then spcc;flc,ally discusses computer based financial systems. It viscusses aboul the
compuier applications for financial systems, general and computuiscd ledger, system and
'c(')mputer aided financiat planeing. 11 slso introduces you to the spreadsheet analysis.

Unit 7 deals with uompuler ba%cﬂ inventory Management, It QlVCb you an idea about the
characteristics and purpose of compuierised inventory sySWg: and their application. It also
deals with inventory sysiem design ang software packag inventory management,.

- Unii 8 on Compulei fn Human Resource Manage c_ifiz:-al ly deals with the needs; design,
: | ; ot WéafMation systems for an effective: and

. uses .and software packages of compuier base
efficicnt Human Resource Mana gcment 5ys







UNIT 5 COMPUTER AN D MANAGEMENT
E FUNCTIONS

ObJectlves
After reading this unit, you should be able to:

" @ understand the role of computer in Management Decnsmn-makmg

‘@ appreciate the needfor proper handlmg of the information and an efficient Management .
Information System at oorporate level '

Structure.

51 . Introduction

, 5.2 Financial Décision-making .
53 Personnel Decision-making
5.4 Marketing Decision-making

. 5.5 Production Decision-making

' 56 Materiats Decision-making

. 5.7 Maintenance Decision- makmg o '. . | .

58 Summary S N
5.9 Self-assessment Exercises - . O '

‘5.1 INTRODUCTION ? -
The common experience in the India ne been a plethora of transaction-processing

- systems which have been abiding for | Left to themse¢lves, computer professionals have

usually been good at plannin igning developing and implementing the transaction-
pfocessmg systems, due to their i t advantages of recurring qualitative data and decisive -
. logic base. On the other hand, MIS at a corporate level always needs mvolvement of the user-
manager inan 1nten51ve way and this has shown a tardy growth '

_ We enumerate Below 4 few selective appllcauons m some of the demsnon -making areas.

' 5 2 FINANCIAL DECISION MAKING

At corporate level MIS would still need the data base compnsmg the transaction- prucessmg
~ inputs, such as cash transactions, receipts, issues, returns, rejections, interests, depreciation,
eic. The other inputs are in the nature of the varlous accountmg rules and procedures, apart t'rom :
the scales of payment ' :

‘Based on the above, the fmanmal management decisions are made with monthly and annual \
finalaccounts profltandloss accounts, balance-shecielc. Inaddltlon,cashacoountsare neelled
by management, apait from the cost aocountmg, ‘pay-roll accountmg, supphers ledger anci '
preparation of capital and operattons budget : : A

' To butld up a corporate -level MIS, one can look atsuchselective data as btlls payable and bills
reoelvable and. segregate them commodtty-w:se establ;shment -wise, reglon-wme mstru- -
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ment-wise and age-wise. This immediately gives a managementi decision- muk;uf“capdblhty to
examine ard take remedial action on the differences and deviations from the set patiern. The
analysed data for financial decision-m 'akmg:, can have various 1 mr.ndgf‘mcpf 151508 and manage- '
- ment trends leading on (o managerial forecasts. Linked data can be of the form of iner-relatod
tems between finarice and inve cntory, betweer finance and marketing, detween {inance and
' produr‘non cosiing, and beiween finance asd personnel, Integrated data can take the furm '
obtaining a picture {or toial credit, total sales tura over, imai piofit and 50 on,

The corporate areas to be helped wonld be cash plamvm g, credit plamiing, pmf i planning, and
facility planning. For instance, cash inflow and cuifiow are of preat interest| for most
. org,amsauonsandm uchmoenumental bankruptoy had L:keni,ldm i such crganisations as Rolls -
Royce in the carly 705 due o the faulty cash-flow adiustments. ._‘»ll.u;dilV the cmh?pnmung
Aakes care of voluntary and invoiuntary-credit, in esiablishment whers voiwary credil is often
dehterak,ly introduced o push new products, to 1ift accmnulated stock or o providlc relief 5
butk customers, In all such areas, decision-makiug is f?uhtaw:ﬂ by an appropriate MIS, as lias
been experienced in many {ndian produetion organisations. S -

In a service org:_inisaiiom investmeni planning and budget planning are adiition i features.
tnterestingly, budget planning can be a common feamre in both prdd_u-;;tion and service.
organisations. In particular, the banking organisations bave shown a trernendous scope for
corperate MIS in terms of trends, analysis and forecasig ariNpg oul of varicus recdnciliation
processes such as inter-branch, inier-bank, or cven for Mginsiruments as hwik drafts and
iraveliers cheques. ]

erciai X data-base has been buitiup in some of
the Indian States for various caiggories of on commodity-wise, establishment-wise,
region-wise and year-wise bases. Suc ta-Base s given rise o a capability to canenfraic
upon tax evasion cases. %l ctaw‘ly, ngthbn Jw in spc L10n rrachdn,;y lor iax non-
realisation cases, to } keep irack of

generally to streamhm,p ursnit g
mast of these sieps underiaken to

Tnihe domain of public administration, con

4; utstandings. In the Siaies t)f Karnatuka apd M«l{ial&ahtm
ay are babed O Com putc,nsed MIS. :
Activity A

Record your perceptions about the role of Managment Information System in lFinancia_i
Dc ision-making in your of gams.atron

5.3 PERSONNEL m:cismN-MAmm S

Personnei pay-rolls have beer an old hat in transaction- processmg systems. [na dumber of
organisations, pay-10lls have beeﬁ exwﬂded 10 cover the entire garmut of employe? service,
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' namely, income- -tax assessmem and recovery, provldenl tund accumulatlon and w1t.hdrawa1 '
“compulsory deposns (when they existed) and statutory reporis and returns: A comprehenswe .

data-base for personne] decision- makmg would require not merely such fmancml data butalsov . '

other categones of pre-recrultment and post- recrunment personnel data,

Examples of oomprehenswe personnel data would mclude prlor quallflcau@ns experlence

‘Categories. and grades of posting, places of transfer experience gained, new quallflcatnons-
~ . acquired, training undertaken, disciplinary actions, merit rewards and performance appraisals,
elc. Such a data-base can be used for retrieval of selective data to assess grade-wise, year-wise -
and region-wise personnel inflow and out flow, for deciding upon secruitment planning as well
as promotion planning. A'similar approach can be undertaken to. match anllablllty of persons
expcrienoc-wise, Jocation-wise and d‘ura_tion-\vise-'With the demand of such persons in new
locations with appropriate’ grades and experience for purposes of personnel plan. Career
-development planning can also be done while looking at the grade-wise, experience-w'ise and
ql.ldllflcatIOIl-Wlse profile and decule on fresh areas of- tralmng and education.

Finally, retlrement planning can be done by looklng at the- Sclectlve aggreganon of data ‘on ‘
* personnel wastage, so that recruitment can be underiaken and the bulk of retlrement benefus
can be released rlghtaway pendmg the settlement of acoounts ' a

Persomnel d,ecision:ﬁiaking based on corporate MIS has be@ﬁm common ina numberof
large industrial organisations in the country. In addition, like Andhra Pradesh and
Madhya Pradesh have often done personnel planm _o_ctors and teachers respectively . -
-using comprehenswe data«base approach Bhilai SteeMNRlapt has planned total human resource
management with creation of complete data- bas dmg history and skills of personnel; and
manpower plannmg and admlnlslrat1on ingludi establishment functions; training needs as
identified in the appraisal rcports and sdopfee - : o

Actmty : : _
- Make a list of the pre-recruitmen post-recruumem personnel data reqmred by your.

; orgamsatlon for personnel demsmn makmg




5.4 MARKETING DECISION-MAKING

_Sales"invoicing and sales ‘accounting have been the early transaction-processing systemé in
‘most organisations. The inputs have been the production, inspection and despatch of docu-
‘ments on goods produced and despatched apart from the price schedules and some occasronal_
_returns. Such data can be built into a comprehensi we data-base which can ‘Thelp eventually the
* market planning and the publlclty (advertisement) plannlng on on¢ hand and linkages w1th '

order-processmg on the other S R S L

 Both market planning and publrcrty planning depend on the creauon of a numb 1 of profues

' wrth full particulars such as customer profile, product profile and user industry jprofile. The.
seasonality of orders, the. trends i inmarket fluctuations, the phllosophy of industria indents and;
' ‘the ebb and flow of relevant markets can be assessed and. taken care of in such a plannmg
process..On the other hand hnkages with order-processing gives a vital control on the quantity
" 10 be produced or suspended to meet live and dead orders respectively. Such 2 dynamic infer- |
facing can help to eliminate a lot of mfructuous order execution and flmshed goods mventory )
creatlon as has been experrenced in the Tata Steel.: S

Act.wrty c :
~ Prepare a brief Teport on lhe market planning and pubhc ty plannmg of your orgamsatlon and
the role computers and MIS can play in that. :

| 3. '5 PRODUCTION BECISION-—MAK]NG L . -
“The bas ic muts are the salrent productron data culled penodreally from all the productron shops|_
©as and when the main events occur. The corporate MIS would involve: perform nce review
~on a periodic basis (daily, monthly and annually), monitoring of in-process. rnventory,
. balancmg of daily finished and semi-finished stocks, yiclds and other perfonnanw statistics,

- comparison of the current _production with the past pesformance, receipt and.con umpuon of
services and energy regourges and darly analysis of performance. : -

Corpora_te production decision-making involves produc_tlon planning and controlj {PPC). The
~first element of PPC is the order processing involving maintenance of current staius of orders
- and despatch programmes, loading schedulcs on the basis of despatch outstanding, stock

avallﬁblllty and logistic facilities, and preparation of dcspatch advices. The secon element of -
. PPC isthe eorporate producuon MIS md icated earlrer The third elemcnto[ PPC 1srthe material -

G . r
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tracking including mainicnance of detdlled production schedules through varloub stages of
production operations (from initial loading up to the final finishing); preparation of inspection
and tests certificates; scheduling of logistics facilities;  preparation of production orders, based
on production schedules; and in-process material and stackmg report forall storage yards. The
fourth element of PPC is the planning, including annuat plans based on market demands; plant
maintenance schedule and corporate plan requirements; quarlcrly and monthly plans based on
annual plans and production targets; daily plans for fulfilment of monthly plans; comparison -
of plan versus performance at different time intervals;.and preparation of subsidiary plans for
requirement of raw- matcrlal energy resources and finished inventory.

TISCO, TELCO ‘SAIL's Bhilai Plant and others have loday 1ncorporated PPC as part of their
corporate MIS.

5.6 MATERIALS DECISION-MAKING

Matcrmls accounting based on rcceipts, issues, returns, and rejections have been the part of
transaction-processing system inatl organisations so far. For the purpose of materials decision- -
making, comprehensive data-bases can have three components of purchasing, inventory, and
materials review. '

The purchasing data-base can help creating a corporate MI§for nitoring of purchase indcﬁ_ts
up to acceptance of tenders, monitoring of purchasg.rde ainst schedules of delivery,
analysis of lead-time delays, venclor-'rating (in t@( quality performance of dclivery
schedule), and monitoring payments "aga inst deliver

The inventory data-base can help in crting corporate MIS. for preparation of standard
specifications for regular consumptionicgig, prompt inspection and acceptance of delivered
goods, preparation of receipt documenis monitoring of stock balance, purchasc dues, and
indents dues; monitoring of pro%m of regular consumption items, decentralised control
of consumption, analysis of cons ion and movement (particularly for slow moving and
non-moving) of items for control, forecasting and budgetary control of consumptlon and

- procurement and so on.

Materials review data-base can help in creating a corporate MIS for the on- -going review-o fihe
various control parameters such as re-order level, re- —order quantity, the phasing of deliveries
for'A’ classitems, the bulk pur(,hasmg of 'B'and 'C’ class ilems, and so on. Basically; materials .
review should look critically at all the expected norms of purchasing and mvcnlory so thata
dynamic ad]ustmem is possible before the on-set of any crisis.

5.7 MAINTENANCE DECISTON-MAKING

Maintenance management distinguishes between preventive maintenance and break-down
maintenance. While preventive mainienance can be planned, the break-down maintenance is
invariably unplanned: : ¢

As regards plant prcvcntwc maintenance, the expericnce with oil refineries, industrial blast
furnaces, dock lacilities and thermal projects have all shown that a thorough planning and a
scheduling of preventive maintenance can be immenscly time-saviag and cosl- reducmg
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Transaction-processing systems have looked at the records of components, spare-parts, fixtures
and tools as inputs, and consumption statements and maintenance accounts as outputs. These
inputs can still be valid for building up a corporate MIS with suchadditional data as equipment
conditions, history of failures, direct cost of maintenance, inventory values and materials

movement, man-hours spent, over-time paid, other resource usage, maintenance of workers' . .

performance, reliability and maintainability of equipment, and maintenance coniributicn to’
unit manufacturing cost. :

From such a coniprehensive daia-base, one can generate MIS reports for equipment control,
such as equip_tmen{ register (to provide equiprpent specifications and project dqtails), equip-
'ment history (to provide maintenance particulars), major failure report, forecast on mainte--
nance (providing probable failure time and period), plant non-availability, plant IIEI iability and
maintainability, and maintenance schedules {providing maintenance activities 10 be -done
during a spccific'ﬁc_riod). One can also generate MIS reports on work control, such as, craft’
performance report {providing planned and actual performance of each. craft), craftman's
performance report, maintcnance planning efficientcy report (providing an efficiency ratio on
planned activities), overtime report, resource levelling report (providing analysis of resource
required job-wise), delay causc report, etc. One can finally generate materials control reports
and cost control reports pro_viding managcmcnt details of cosis and material transactions
involved in maintenance management. '

Activity D | |
Prepare a MIS rzport for equipment control organisation.

5.8 SUMMARY

This unii provides a brief account of the practice of computer -aided decision—m}iking in-such
selected functional areas as finance, personnel, marketing, production, materialg and mainte-
nance. Some of the areas left out are projoct, medical and health care, township-,flraining, fire
service, energy and industrial engineering. These all have similar needs to build up from basic
inputs a good quality data-base each and then to evaluate sclective data, analysed data, inter-
linked data and aggregated data to derive suitabie MIS support to decision-y k'ing at the
cotporae level. The practice is becoming more and more endemic in the Indianlenvironment
and the proliferation can only be beneficial to the management in the long run.
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59 SELF-ASSESSMENT EXERCISES

1_ 'Evaluate the role of computcrs in Managcmcnt Dccmlonﬁmakmg
2 -Examine the advantages of Computerlsed Maua gemem Informauon System vis-a- vls_
 amanual MIS. S

3 "'Evaluatc the existing Management Infqrmauon System { MIS) in your orgamsatlon
_Suggest mEasures o 1mprovc 1t -

or. L




UNIT 6 COMPUTER BASED F INAN CI/

SYSTEMS

Objectives _

After studying this unit you should be able to: -

@ dclme what are various aspects of financial systems

® rdennfy problems associated w1th computerisation of financial systems
@ des1gn somg (inancial applications for computer 1mplementatlon R
- @ desrgn spreadsheet for financial appl1cat10ns '

_ Structure _
.6.1 _Introduction
6.2 Financial Systems
6.3 - Financial Management Software
' 6.4' Compuler Aided Financial Plannmg'
6.5 Summary - C : :
6.6 Selilassessment Exercises 0
67 ,- --'Further Readlngs o s :
61 INTRODUCT[ON O

Hlstorlcally, operauons such as
prbparauon were among the first

mated, via punched cards systers in the 1930s and

Q:t‘s?;gyable, cost accounting angl,, financial statement
unctions are

applications
ey have not

- 1940s and on computers in d 1960s as in pay-toll procedures, These f
- largely. routine, rel'atively automate. The benefits offered by such

tQQSOs
traditionally have been!in the Yorm of clerical cost reductlon and although th

normally led to dramatrc ificrease in prof1tablllty, they have produccd suff1c1enlly i
to mere than _]LlSllfy their computensauon

ar'ge savings

1In Spllc of the traclmonal nature of accountmg and fmanee applrcauons several sophrstrcated
high beneht systems are. being implemented in this, administrative and busmess area. Cash

management financial modelling and advanced purehasmg systems are three exa
‘new interest in aocounting and finance applications.

In large, di 1vers1 flecl of wrdely d1spersed orgamsauons the management of cash
a difficult job, yet one thathas a. large impact on profrtablllty Failure to invest
available cash, premature payment of obligations, or short- s1ghted investment |
“thatforce an organlsatron to borrow at high rates, all result in less than optimal usg
resources. Inan attemptto avmd these problems many large crganisations arc usin
to help collect, analysc and report data about cash requirements and reserves, The
such systems include less [rcquent and- smaller short-term loans, lower rates of

mples of the

resources' is
temporarlly
yrogramines ’
of financial

g computers'-

e beneflts of
interest, and

hlghcr returns on shorl term 1nVestments

l« inancial analysls of proposals is thc second area where COmPpULErs are playmg an

1ncreasmgly=

rmportant role. Relatwely stralghtforward srmulatmn models enable the fmancral manager or
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analyst to generate pro forma statements that show the flnanual 1mpact of dlfferent proposals
“such as acldmg anew product to a current line or opening a new warehouse. The advantagc of
such models is that many possﬂ:ole outcomes canbeeval uated inthe tlme that oI OT IWO could
be calculated by hand.

Advanced purchdsmg systems are ¢ the third area of current interest. Compulcr based '-;ystcms

" monitor the data about price and quantity dlscounls product quality and reliability, and speed .
of delivery. On the basis of these daia, computcr programme can calculate vendor rankings and -

“economic purchase quantmes for individual items and store product information that helps
buyers evaluate vendor pcrformancc and ncgouatc favourabic oontracts with suppliers.’

Table 11ists many of the traditional accoummg and fmance appllcatlons as well d‘§ those ofhlgh _
current interest. S :

Tablel
Fmance Systems - Computer Applications

Applications ©  Least Complex:..ooovviioacs conviens e iaraanaans Most Complex
General .  @Cost record - @Cost- - .. - @Cost -
Accounting . keeping o aé;:dunting : 0 . _ estimating
- ' : . comparison s/ o
standazds C -
proje ted - :

amou
$Bydgetyry
. ting: -
.' ~ @Duily '
3 @ e‘xception_._:
) ' " reporting -
"Accounts - @Preparation of ' '
Payable (A/P) = A/P registers
. ' @Check
processing
®Check
~ reconciliation
@A/P
. _ distribution " S
" Purchasing - o ' @Vendor : @Vendor - @Make orbuy -
o S '  analysis- - “analysis- Analysis
‘Volume - Quality L )
purchase S Kuowing “@Analysis of -
@®Purchase © - Economic financial
_ _ o order . - . purchase ~ proposals
- e preparation ~ quaniities '

and follow-up . @Requirement,
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®Financial  Planninge.g.

_Statemenl - cash _ _
- preparation’ | management '
.Mamtenanoe :
- of o

shareholders- :

__: records

_6 2 FINANCIAL SYSTEMS

- These systems are prn'narrly concerned wrth recordrng busmess transactions in respect of’ dees '

“and salarres purchases, sales and other asPects of income and expendrture ‘both capital and
revenue. Records of such transactions provide basrs for the prepdratron of perrodrc or annual .
-profrt and loss accounts and balance sheets. -

As canbe seen, the financial systems of a busmess are, effectrvely, accounting systems Wthh o
are often \structured as separale systems to the non-financial systems. When systems are.
: ;_computerrsed the separately structured systems are often mtegrated for economy of data
_. _processmg and. admrmstratrve effrcrency o 0 .
_ Functrons of Financial Systems o o R _
Orie of the most 1mportant functions of fma’yst{ar’ns is to_ensure that 4ll business
'transactrons are recorded in proper books of a on the basis of recognised accounting

_practice. Such aocountmg transactrons ar?dy for purpose of custodianship, as a publrc

. limited, company is responsible 10 shiyeholders - the owners of the business - and
acoordmgly it is essential that the b ords potray a true and accurate record of profrts g

and losses assets and liabiliti

Otber functrons of fmancral 8 are summarrsed below: ... | - ‘;
@ Plannrng and controllmg all expendrture both caprtal and revenue ' _
- @ Controlling the receipt and payment of cheques etc. relatmg to business trans ctrons and'
relevant. banklng transactions. : : S
. Safeguarding the assets of the business in respect of plant and machmery, stocks debtorsand
_ cash_ . : . .
o Mamtmnmg statritory records as per Government's regulatrons

. Preparatron of periodic reports for statistics, perforrnanee and results for mternal control and
audlt :

- Activity A S
How are the above functrons being performed in your organrsatron‘? Record your berccptions -
-about them, functron—wrse, choosrng one of the alternatwes gwen below rega rding their..
performance ' S : R

'(1) Satrsfactorrly (ii) To some extent satrsfactorlly (111) Not. satrsfactorrly




e T I T T T T T T T T T I L IR BRI
.........................................................................

...............................................................

.......................................................

* Activity B
What would you suggest to make the system more efficient?

'63_FINANCIAL MANAGEMENT SOFTWARE

_ The micro computer can provide a new and very efticient tool to improve the service. For
example, itcan transform efficiency by replacing a large amountof manual record-keepingand,
perhaps more significantly, it can extend the quality of the service being offered. - After
introducing a computerised sales ledgcr, the regular balancing of the fedger (itself a consider-
ably easier lask using a controlled computer sysiem) will be accompanicd by the printing of an
‘aged' list of balances. From this report the accountant can initiate and monitor a follow-up
routire to recover any overdue amounts. In this and similar situations the firm will be offering
a much more powerful financial control system that combines the interpretative skills of the
accountant with the routine cfﬁuency and analytical capabilities of compulerlsed ledger
systems, :

Muu,h of the software availabie for the practising accountant will, of course, also be of use to
his clients as well as to other professional firms. Although some features may be required
specifically for the accountani, his management control needs will be very mmnlar to those of
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other businesses or praciices so most programmes offered are described in their publicity
material in ways that illusirate their widest possible use, including uses for which they may be
only marginally suited. Seme of the most widcely used financial management software can be
listed as: ' R o ‘

@ General Ledger

& Sales ledger

@ Purchase ledger

& Invoicing

j Stand alone or integrated,
incorporating budgetary
control and management accounéing

@ Stock coptrol . .
® CCA adjusted accounts _ S : ‘
@ Pay-roil ' : ' '
® Modelling techniques

Figpure I: The General Ledger

CASH
Accounting

. b
N ' l Acc‘ljunting
Stock . | Pay-roll ; Purchase ‘Plzmt' und Adjustments
Accounting Actounting Accounting Muchmc_ry Agcruals,
. l Acconnting Pre-payments
N~ e
— GENERAL | €————— ‘
: > LEDGER |% -l
Budpets Trial Cast ‘
Balance Statements
!
Statistics \L : - . \]/ . . ‘
Profit . ‘
~| and Loss Balance )
Acco(;nl . Sheet
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General Ledger )

The focal poirt of financial a{,muntm,g., systems in the general fedger 1S 50met1mes reforred (o
as the nominal ledper. The noinina ledger consists of accounts in which transactions 2

recorded from the poini of view of business and these are classified as impersonal accounts’.
Impessonal accounts arc sub-divided into 'real accounts' and 'nominal accounts'. Real accounis
are concerned with the tangible assets such as plant, machinery and buildings, whereas nominal
accounts are concerned with expenses, income, profits and losses. Financial ace ounting sub-
systems are directly related o the gegeral ledger by way of double eniry convention for
recording of business transactions. In respect of the purchase accounting system, the general
ledger contains the purchase ledger control account and account from different classes of
purchases. The Sales accounting system has acecounts in the gcncrdl ledgerby way of Sales
Iedger control account. Similarly, the wages and saidrm dcooummo‘ system has the wages and
salarics control account in the gcnerablndgtr

Cash 1r1nbdct!0uc in resnu,t of the sub- syslcmb indicated ab(we ar¢ effected in the ﬁenerdl
ledger: Loy cash receipis from customer, they are recorded in the Bank account and the Sales
ledger (,om.rol account (Figure I). :

Computensed General Ledger Systems

The General ledger system on computer can be implemented
a otal system-by combining & mumber of related Suh-sys,

- administrative ¢fficiency. Figure I dcscrlbca thu sy&.t ne
systcmq o

We shall briefly mention the main features of a uierised-general ledger system which are
easily available in the market: - ’ ' : .

an 1ntcaldlc,d system to form
s [r the purpose ¢1 improving
t for one of the general iedger

@ Automatic double entry accountin
@ Accrualsand prepayments ¢ matically reversed in the next accounting period -
@ The general ledger is maintain adata- base and the Analysis Printing Programme can

report in any sort, sequence and in many rcportmg formats whlch can be stored on

_ computer _ :

@® When linked with the purchase !edger standard monihly postings can be made automati-
cally ' :

@ Ahistory fileofall the transaction records can be maintained so that analy%ls and :aa,hudules
can be produced at the year end : "

@ Profitor Loss slatements ‘Balance Sheet and operating statement for the management can
‘be produced .

® Budgcidry control can be exercised producing variances from Budget _
© Budget flexing enablesbudgets tobe altcred by percentage changes, and produce financial
projections as a result of ihe change :

® Nominal accounts can be teanalysed into cost or profll centres, ploduung reporLs inwp
up 10 seven different types of sort keys

€& Avyearend report produces summary of each nomina au;,ount for each accountmg period,
_compared to budget and or previous years.
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Figure 11 illustrates computer runs for a general ted ger system which is' based oql the outline
Figurc1. The input to run 1 is derived from data produced by the separate computer appllcauom
in respect of transactions relating to stocks, pay-roll, sales, purchases; plant an& machinery
including depreciation, accruals and pre-payments, accounting adjustments anp cash. The
transaction data in respect of each application is assumed to be storéd on magnetic tape. Run
1 is concerned with consolidating ali nominal ledger data and this is achieved by merging all
the relevant transactions on the general ledger codes. The output from Run 1 is a donsolidated
- file of transactions, which is input to Run 2 for updating the general ledger file. This file is stored
on magnetic disc to facilitate direct access 10 relevent genera] ledger account codes. Run 2 alsa
_ _pr‘oduo’es a list of detailed postings lo each account.

At the end of the month, the general ledger file is input to Run 3 to produu,c a Proht and Loss"
Accountand Balance Sheet. The general fedger file s also input to Run 4 together w1th a budget
file which is updated with actual expenditure providing the cumulative expenditure to date for
comparison with budgeted expenditure. A variance r(,port is' then printed for analysis by
rmpectwe COst centres, . . |

| |
incomplete records. This complex arca has been a prime target for the. deve}opmcm of
computer progranimes and these are available on mostf the popular micro-computers. A
typical package will hold between 250 to 900 nomina 1t headings and between 2,500 to-

4,000 transactions, The routines for postingthet tlons wﬂl besostructured thaqmch pnme
ertry source will be posted automatically to thuvc nominal account. ‘

Nominal account codings can be duit each client. The format of the accot;lmt's' canbe
{used o provide an outline sequ in which 1o create the accounts code list. 1t is advisable
to allocate the codings in _.bl%at will allow additional accounts to be opened without
~ destroying this sequence. It is infBssible to define this struclure without knowing the coding
facility of a particular package or the requirements of the client. One example using d|f011]‘ digit
structure could be as foliows: : ' |

General Lédger' _ © Accounts Codes

1000 . Fixed assets - - o : S
2000 ' Current assets o _ o |
3000 - Current habilmes - '
4000 | ' Capital *
000 - Reserves | |

. Within each group up to 999accounts mighi be available toallow for the detailed analysis. With
‘the Reserves group (in the illustration the 5000 series), more numbers are avaii|ablé-- to be
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FIGURE 1I: C'omputcr.ised Integrated General Ledger System

~ PAY-ROLL CASH PLANT AND
ACCOUNTING ACCOUNTNG MACHINERY
SYSTEM SYSTEM REGISTER
. STOCK SALES PURCHASE ACCOUNTING
ACCOUNTING ACCOUNTING ACCOUNTING ADIUSTMENTS
SYSTEM SYSTEM AND PRE-PAYMENTS
87, : 4
?OCK . }US,(NE“
Transactions -
RUN 1 &
MERGE
TRANSACTIONS BY
GENERAL LEDGER
CODES
MERGED
TRANSACTIONS .
GENERAL _
LLEDGER TRANSACTIONS.
MASTER " APPLIED
FILE - |
3 - PROFIT AND
' LOSS ACCOUNT
PRINT PROFIT
_ AND LOSS
ACCOUNT-AND
BALANCE SHEET
; BALANCE
SHEET
BUDGET N o RUN 4
FLEXING > | UPDATE AcTUAL
FACTOR EXPENDITURE
- < COMPARE WITH
. BUDGET PRINT YVARIANCE
VARIANCE REPORT REPORTS

BUDGET FILE
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allocaled 10 revenue and expenses items to be ideatified in the profit and loss account. Tn this '
latter case, the series numbered §000 onwards could be used 10 creatg a pmm Or COSt centre
anatysis within the profit and loss account. ‘

A common feature of many of _thcsc_packages will be the auzomatic calcutation of depreciation
using preset depreciation paramelers, Reports generated will usually include:

Trial batance _

Bank and cash reconciliation i ' | ‘
Adjustments analysis | |

Fixed asset scheitule _

Mominal ledger accounts in detail ' ‘

Profit and loss account |

- Balance sheet

O 8 3Q@808S

Source and appllcanon of funds.

Most programmes now offer perhaps the mosi useful t?ullty of all, namely the pr({paranon of
a full set of final accounts, including notes to the accounis and the director's report. However, .
itrnust be said that some Sj}sterns will not print to a particarly high standard and you may be

unable to use the priniout froim the machine for preseMgtiof. :

. Integrated purchase/sales/general ledger: several packages available which offer
the above reporis either as individual modyes or a5 integrated system. One of these has been
already discussed earlier. Inaddition, syste ow offered which link the sales and purchase
ledgers to a stock control program nd the sales led ger to an invoicing pr ogramme. Most
K systems offer either 'open item' or Wglanite brought forward' on each account. Nitﬁurally, the
open item system offers a m: mprthensive service - balance brought forward being ideal
fur smaller businessés whos%mts are cleared monthiy. ' -

The system will create the double entry within the gencral ledger for all postings Lrough the

‘sales and purchase ledgers. Journal entries to the general ledger will onty be '1oc4°plcd if the
debits and credits equate to zero, as will input through the purchase and sales Iedr :cr, thereby:
ensuring that the trial balance must always balance. Additionally, pay-roll and job costing may -
be linked to the general ledger to produce final accounts and other management information.

All inputs. to the system wiil be via the Visual Display Unit (VDU) with the screen not only
- displaying data keyed to the system but also instructing the operator onthe nextsiep to be taken
or reporting any errors that may occur. Inputof data is normally uhrough a baich pumrng systt.m,
- using a check-digit total for éach batch to ensure accuracy.

Other financial Systems

‘A typical system will offer around 800 accounts and 4,006 to 6,000 postings per month. Tt will
hold details of customer's accounts and register all sales transactions. Initially, the user will be
‘presented with a 'menu’-of the various routines available from which the required routine is
‘chosen, as shown in Figure 1L '

0 - ‘
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Figue 171: A typical mena presented on a VDU _sc?‘t:ei;

XYZ Liantied - K S " Sales Ledger Menu

SALES LEDGER

. Press the required number
Master file update
Master file print
Baich ;ﬁosling

_ Account enquiry

Cash allocation

=T, TR -V P R O

Month-end routine

The customer master file will hold the name, address and teleplione number, credit limit, .
account balance 3 to 4 months old, turnover statistics, sales territory codes etc. The transaction.
file will hotd details entered into the systerh together with all invoices, credits, adjustments and
cash ltems posted during the current financial penods

- 6 4 COMPUTER AIDFD FINANCIAL PLéNN ING

Pians have a central roie to play ina company’s decision-Mproccss. To do thiseffectively
they often need to present a number of alternative gfalMytions based on different assumptions
and different ideas for new projects, product intfaduglion and the like. Here, then, is the

fundamental defect of manual planning and ting methods, a defect which can often be
overcomc by the use of computerised mgthod¥ The plans, to be of any use, must be edsy to
produce answers in a number of 'wha ats: '

"What happens if we give an exgig disodunt of 5 per cent for orders over Rs. 1,000 resulting - '
_in increased sales volume of nt? ' ' ’ S
'What ‘happens if it only gives 1¥er cent extra?
"What if we keep the old version going for a turlher year and hold the price, at thc same time
deferring its replacement and putting in Rs. 1,060,000 more for development?”
- "What if we open a new warehouse in Bhopal in two yearé‘ time which takes 10'per cent of the
- volume from Delhiand 25 per cent from Bombay while sales go up by 15percentineach reglon
and how full will the three warehouses be?'
*What does the picture look like if we run all three 1deas (above) 10 gcther next year?'
'What will change if we defer the new warehouse for a further year?'

"Whatif we putona second shift witha 30 per cent premium on wages but at the same time stop
all producllon avertime?' :

' :Gwen a calculator large sheets of paper, the basic information and pcacc and quiet, any one of
the above questions could be evaluated by most accountants or managers.- The work is quite
straightforward. It would not be'so easy to find the time to work through ail of them. But this
is a scenario familiar enough in mosi companies; and often it results in decisions havmg tobe
taken without an adequate evaluation being completed. This is not so because there is, as is 50

‘often alleged, 'a lack of information on which to base the decision’ but rather bccause there is
insutficient tlme to work ihrough all the options with pen and paper.
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Other difficulties with manual systems, which admittedly can be partially alleviated by use of
- the more sophisticated types of calculator, include working out discounted cash flows and other
types of evaluation of returns on investinent. A computer, however, will drastically reduce the
time taken. ' ' : :

Figure IV: COMPUTERISED SPREADSHEET—AN EXAMPLE : ‘

1 A B ¢C D E F G H I J K'L M N
' CASH PROJECTION -
2 : Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec| Total
3 CASH RECEIPTS : .
4 Smali Bm]dcrs o o 0 ¢ 0 9 0 ¢ 0 0o 0 0 -0
5 Distributors o o o 0 0 ¢ o0 o ¢ ¢ 0 0O 0
6 Private Customers o 0 0.9 0 ¢c..0 0 0o 0 0 @ ol
: ; Others o 0 0 0 0 ¢ 0 o 0o 0 0 0 0
"2 TOTAL RECEIP’TS' 6 ¢ 0 0 0 g o 0 0 0 0 ©° 9@
10 - - - = e, -
11 CASHPAYMENT L
12 Timber Suppliers 9 0 0 0 0 60 0o 0 9% 0 ¢ 0
13. Misc. mat Supptiers 0 0 0 0 0 6 0.0 0.0 0 0/ 0
14 Wages ¢ ¢ 0 0 0-.0 0 0 0 0 0 o0f  Of
15 Reant and Rates 6 0o 0o 0o 0 9 0 o0 0o 0 0o 0 0
16 Other Overheads 600 0 0 0 &NOD 0 0 0 0 0 0]
17 Interest g 0 0 00 0 0o 0o 0 -0 o o]
18 Drawings 0 0 0 0 0 N o 0 0 ¢ 0 o]
19 Tax Payments 0 0 9 0 g0 0 0 0 0 0 0
20 _ I — —. — - _—= - — —
21 TOTAL PAYMENTS 0 0 0 O 9 0 0 0 0 © 0‘ -0
22 . - - - - - - - - - -
23 Opening Bank 0" Dft "1400 1400 14%9@ 1400 1400 1490 1400.1400 1400 1400 | 1400
" 24 Total Receipts . - .0 0o ¢ ¢ 0 0 0 0 0 ¢ O 0
25 Total Payments 0 0 ¢ o0 0 o o 0 0 0.
. 26 Closing Bank O Dft 1400 1 1440 1400 140(;_] 1400 14060 1400 1400 1400 1400 | 1400

Lastly, once a range of op&s been worked out, they nced iobe loeked at [rJom a variety
of points of view; normally covcrmg their unpact on: : | : :
a) profitability '
'b) cash flow -
. ¢) capital requirements
d) baiance sheet.

ThlS in turn brings.about a need fora greatdeal of further worl-: if the tull picture LSQL be collated
each time the plans are in any way changed, and further underlines the fact that suchan exercise
is unlikely to be.completed adequately, if at all, with manual methods alofie.

Solutions offered by computers: Computers offeravariety of solutions to .pldnnth problems.
They are often’ referred to as 'rumber crunchers’, and this is very much the job they do when
- used in any planning application. But the use of computers in planning stil} leaves a number
of other problems unchanged. The relevant mformauon for input 1o the planning activity still
- has to be available in a suitable form. Chaotic acoountmg and control 5yslems rill not be of
_much use in provmlmg it, The onus is stilt on management to think up new projects, ideas and
products to bring the plans to lifc. Assumptions still have to be made about cvcﬂythmg from
the likely rate of inflation to the possible markets. ' : L ‘
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' Wrthout 1nnovat1ve thlnklng, there can be no plans oomputerlsed or otherwrse Before they can _ '_ a
.. formpartof the plans, projects and ideas have tobe mvestrgated and costed There is stilfa great
“deal of thls and other prellmmary work'to be done manually The computer s role is to-lake over

the calcul.ltrons and allow. avery large number of optrons to be evaluated ina very short time.

Spreadsheet Packages

In recent years, the srngle most successful package developed. for micro- computers is the

. spreadsheet planner appli lCElllOI‘l There is now quite a range of spreadsheet packages for IBM
PC including the orlgmal Visicalc, and several packages which offer more: Both MBA from -
the Context Management system and Lotus's 1-2-3 offer graphlng capabilities as ‘well as .
_ spreadsheet calculations. Multi- plan is another spreadsheet package offered by Mrcrosoft

All developments of spreadsheet extend the srmple concept ofcolumn analysrs paper consmtmg

ofa féw rows and columss to the limits of available micro-computer capacity with facilitiesto. -

editand calculate rapidly (2 commonsize is 63 columns and 254 rows). Each column is usually

identified by a letter eombmanon A, AA etc. and the rows by numbers 1 to 254..80 any
- individual posmon in the worksheet or cell can be rdenufred by its column letter’ and row -
‘numbere.g. A1, B24 etc. This facility énables relatlonshrps between cells tobe defined e.g. cell

Ad equals sum of cells Aland A2 and A3 or cell D4 equals A4 nultiplied by B4. Once a data-

model has been built up from such relatronshlps, data can be jnserted in some cells and the .

dependent values will be automatically calculated and madegva le for display. Any change

_ to'an entry value w1ll be reflected 1mmediately inregenerated 1 .The range and complexity
of spreadsheet plannmg models is ehormous and its @ ty in business applrcatrons is only

constrarned by the 1magmatlon of the uscr. A sample dsheet is shown in Frgure V.

| Interfacing accountl_ng and plannmg sot‘twa%re is.one way in whlch computers can’

simplify the information-gathering pro itsel. This is where compuierised accounting

- systems are being operaied in the compaii where the planning is to be done. But-obtaining -

1nformatton from such a source 1srmple as it mlght appear at flrst sight.

: -_There are plenty of mlcro-computer p2¥kages (pre-writien programmes of software') avarlable

foraccountmgwork covering suchthmgsassales general ledgcrs, mvorcmg,stockcontrol and

- sales order entry. If the same micro-computer is to be used for both planning and accounting,
a spec1al link will normally have to be made between the two types of application (accounting

and planning) in order to pass the data from one to the other. This 'interface’ will normally be

in the formofa programme and the programmex will require detailed knowledge of how the
' aooountrng programmes are structured inorder to know where the required information is held
and what form it is in and to work out how to get at it. As the vendors of package software.ate

usually reluctant to divulge such details for fear of piracy, the interface.will often need o be -

“programmed by:the suppliers of the accounting software. They, in turn, may be unwrllmg o
undertake such work or it may be too expensive. Either way, they will have to become familiar -

with the plannmg software as well. Such links, therefore, are not altogether strarghtforward

~ although some of the publicity material put out by the micro-computer manufactures can lead
_'one to belicve that the whole area is quite simple. If, however, the accounting sof tware includes

. somie form of' report generator thrs may provide the basis of a solution that is easier to attain

- in practice. This type utility programme is designed to extract data from files of information

in a form specified by the user, and so itmay be possrble o construct a. frle of accountmg data
that can be passed across 1o the plannmg : o o

B
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Actwnty Cc - :
Develop an’ operatlonal ﬂow—chart of computerlsed fmancxal plannmg systems in your
. Organisation. : : : o
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6.5 SUMMARY

; Tms umt has attempted to mtroduoe varlous oomputer based fmanelal package

We have identi fied various computer based applicatlon systems and discussed 1I1 detall about '

L 1mplementatlon

- We have also dlscussed problems of interfac]

general ledger systems:. 'We have also- 1dent1f1ed 6problems encountered with _tl_l_el_r_

A\ ning' software and spreadsheet 'pack_a"ges.
_ untmg and planning software

* Later we have exammed computerlsed financig

6. 6 SELF-ASSESSMENTE ISES

.1 How the fmanmal systems, fz@ﬁ by computer software are 1mportant fo* economy of _' .
.. data processmg and ad trative efflcrency‘? B : -
-2 Computers are often Téf 038 number crunchers Evaluate the statement

nthe context_
~of fmancral plannmg o
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UNIT 7 COMPUTER BASED INVENTORY
| SYSTEMS '

' Objectlves _
After studying this unit you should be able o: .

define what 1s meant by mventory and its eharactenstrcs
identify the plirpose of computerlsecl inventory- systems
desrgn mventory system files and their relatronshlps -

to know what type of software packa ges are rcadlly available in the market for 1nventory
managcment :

Structure

7.1 . Introductfon

72 Whatis Inventory 3

7.3 _'Charactenstlcs of Inventory .

7.4 ‘Purpose of Computerlsed Inventory Systems o

7.5 Inventory System Design-an Example .- .. '
7.6 . Software Packages in Inventory Management ' 0
7.7 Summary . o o S

7.8  Self-assessmentExercises . - O

7.9'_Further'Readings' - ?\ - .
7.1_INTRODUCTION __ Q~ T

When we go toa Super market, we i@r granted that the shelves will be well stocked w1th
the goods we want. We expect the produfe to be fresh in good eondmon and reasonably priced.
' Most of the time, thls is what we find. :

However the problems of keeping a super ‘market supphed with the right goods in the. nght-.
quantmes in the right condition and at the right | prices are immense. Goods are bought from . -
a large number of suppliers. Some are delivered in bulk to warehouses by the dealers, while the

- perishable goods must be sold the same day they are del ivered. All goods have limited shelf

life, and most are subject to health law regl.llauons As problems are caused by overstocklng
asuper marketora ‘warehousé as by understocking, any goods whrch have not been sold by therr '

' expiry date must be destroyed resultlng in wastage :

The costs of tranbportlng goods from one place 1o another are very hrgh lt is’ 1mportant that" '
delivery vehicles are fully loaded on each journey, and that the routes.they take are as.short as '
_pessible. The costs must be kept o a minimum in order to keep prices down, Small price
. increase can lg)se large numbers of customers. For these reasons, ldrge 8uper markets have to
use eomputs‘.m ior their mventory control. :

.\.

Thts isa srmplrtled example of mventory control as applied to the casc of a super market. - -
: Howcver this- becomes very oompllcated in case of a dlfferent situation, bay, produclron-

e v maa e (1431
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7.2 WHAT'IS INVENTORY?

The tcrms mvenlory and 'stock’ are usually seen as beings synonymous and are used to dcscrt‘be
materials which can be 1d<,nt1f ied at various stages of the transformation proccssm organisa-
tions. Tt is customary to divide lnventory into three catcgorlt,s

® Raw materials including components and energy
@ Work-in-progress
@ Finished goods.

Ttwillbe eviderit thatonc organisation's output of finished goods may be another organisation's
raw material inp'ut. Statistics indicate that all over the world, in manufacturing and distribution
trade, raw materials, work-in-progress, and finished goods represent approximately 25,25 and

- 50'per cent respectively of total stock value, Though the effect on an économy of aggregate’
stock levels is significant, the issuc of inventory management is primarily an organisational

one. . ' '

Us'ually,' the consequences of the physical presence or absence of stock are expressed in money
terms, and it is in this respect that the effect of successful inventory management is measured.

ork-in-progress, and finished goods
ing to industry, and organisations/
ods industry where 60% of the totaj

The abeve apportionment of stock ACTOSS [AW materiald
conceals the fact that there are marked differences
within industries. A case can be mentioned o

stock is-raw materials and compare this with § sumer goods mdustry where only four peif
* cent of stock [2lls in this category. Indged, in s latler case a fourth area, the distributior
system, was esiimated to hold 56 per ¢ total stocks. Evidenlly, the particu!ar'circum-r
stances of the market will influege®poth the sizc and disposition of stocks. - '

As i the case with much of thgopcrMons area, accurale meaustrement of inventory is possible.

The extent to which these stated into accurate records depends on the systems used to
‘capture and store dala. The step needed to provide a sound basis for effective inventory
mana'gcment- is the manncr.in which 1he data are proccssed and preserited for interpretation.

7.3 THE CHARACTERESTICS OF INV]LNTORY ~ ‘

A numbcr of Ef,dlures of mvcmory, most of whu,h are mcasurahle can be 1dem1fled An
* understanding of the following characteristics is an essential basis for inventory management,

Type .

As stated above, three types may be recognisbd‘:’ -

i) 'R-aw malerials: these include components, sub:ﬁémmblies and energy.

"ii)- Work-in- -progress: which is to be found at various stages in the praduction process and
which- implics a measure of added valve. -

iii)  Finished goods: these represent the output of the production pr{)L( s which remain until
they are dlpr‘,e{i of (1clea!ly by sale tG a customer)

Funetion
When 1nvcnt(‘ry moves through the m'muta:,turmg process it serves different functions. Mosl
1mpor1antly, it provideshe Working Stocks sothat there will be Lnough items for manufdﬂure

N EHAREM e
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and-sales. This is also frequenily referred to as Lot Size Inventory because of the usual need to

order or provide in'lots or batches, When the most economical loi size is used, it is referred to
as the Economic Order, Quantity (EOQ) or Economic Batch Quantity (EBQ). Managemcnl
must also take accountof the fluctuations resutting from demand and lead time by- establishing

Safety Stock. This is also referred to as reserve, buffer, fluctuation, or stablhsation stock. These

functions will be examined at greater length below, If the firm sees: prospects of increased sales
or supply shortages or if the supply is subject to marked seasonal effects, it may increase its’
inventories with what is known as Anticipation Stock. The final function is Transportation or
Pipeline Stock, which reflects a products movement during the manufactunng prowss or
shipment to a customer.. :

Demand . . :
Demand is a measurement of the total requirement for a given item overa specnflc time penod
However, inveniory demand should be differentiated from sales or usages. For example, sales
only measure those orders satisfied, but do not include demand lost because of stock-outs. The
importancc of this differe nce is readily observed in the preparation of a demand forecast: The
accuracy of this forecast requires data based on the fotal historical demand which includes hoth
the amount suppl ied and the amount back ordered or lost. While the actual differences between
demand and salcs or usages for most firms are smail, an examination of the historical data must
 be made t0 determ ine if the difference i 1s 5.1gmf10anl

azd, bhwhhe nature of demand. as well.
brders receives much more atiention
semblies are required. In this case

' Managcment must not onty stu(_:ly-lhc rate of de
Autonomeous demand which originates from cust§
than the demand which arises when -higher-leve

on

components are used only when actual assem s place, generally at intervals, as opposed
to the more continuous rate of depletiopaf aut§nomous. (independent) demand. Examination
of the movement of stock items indic3 the pattern of independent demand varies from

being almost constant to highly jeggula®
Lead Time % |

The iength of lead time directly affects the size of the capltal mvestm{,nt in 1nw:n10rle° .

Inveritory lead time can be broken into four periods: review, order rmnufacturmg or
purcmsmg, and receiving,. '

The Review Period is the time period between reviews in a fixed interval system. This per_io'd '

is not found in an order point system. The Order Period rcprcsents the actual time required to

review inv entory status and prepare the appropriate order. The Manofacturing Period includes -

order processing and schedule time, any queue time, machine sel-up time, plus the actual
~manufacturing time. The Purchasing Peried inciudes the time involved in processing a
" purchased ordcrplu% theelapseciimebetweena vendor's receipt ofa norderand its actoal arrival
at the manufacturer's facilitics, The last period is the Receiving Period, which reprcs_cnls the
“time needed to process imomihgordcr This includes inspection and storage time, plus the time
required to 1og the order iaio the 1nvcntory control syblf*m so that it mdy be useid by
manufauurma

Cost

There arc three types of i nvullory Cosl, which may be involved in-balancing the conF ficting -
gbjectives for inventory. -

7
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) _It must be appreciated that 1nventory fomts a buffer 0 factlltate vartatlons in supply and .

' .Safety stock

L

The first cost is the Ordenng or Set-up Cost and mcludes the followmg bought -in-items:

Iz

' m) Thc cost of the Recewmg Department's order processmg (clencal elc. )

The; third cost is the Stock out Cost whtch mcludes all expenses from runnmg outd f stock If'.f'_ '
expcdttlng ‘is not used, the stock-out would' represent any backorder costplus loss of prrof.lts due . '
to lost sales. The backorder costs include any extra paper ork that might have been Tequired, -
: loSs of return on capital .riot recelved during: the sto
' resultmg from fallure to fill the order

" optimising cost of carrytng mvcntory

The cost of the actual purchase requisition by mventory oontrol :
rﬂi "The cost of i 1ssumg a purchase order and anv follow-up time (by the Purchasmg
o Department) x :

-up CcOSts for manufactured items 1nclude the followmg

" The: cost of gencratmg the manufactunng rcqmsltlon by tnventory control

i 1}, The cost of planmng, schedulmg, loadmg and expedltmg the 1tem by productlon 'control. ,
:Irf) Machine Set-up time. :

w) Any one-time cost (start up, scrap, etc. )

The second cost is the mventory carrytng cost, and includes all the expenses requlred to.
- mamtam a volume of i 1nventory Thrs can be expressed as a propornon of the value of the'__' _
R 1nventory per-unit of time. : : : : ’

-outjand loss of customer goodwill

Although stock-out costs and customer service arg

st of bcmg out.of stock.

approach involves-an implicit esnmgif |
j74 PURPOSEOFC%g ' ERISED INVE_N-']_IORY CONTROL'-

SYSTEM

’I‘he main purpose of the mventory control is the momtormg of the stock levels and thls is - _
_ ‘achieved by recording stock movements on stock records. Through these means the current___ o
mventory sntuatlon, mcludtng shortages 48 avallable : : / o

demand. As it often consumes a high proportion of workmg cap] 1tal itmusibe control ed in ihe

. most effective manner to achieve the following;
. _Avmdance of excessive stocks

Avoidance of excessive stock shortages -
Opttmtsmg cost of orderlng supplies -

lnventory Control parameters AR ' 3 SRS

The control of i 1nventory is achieved not onIy by recordmg mventory movcmcnts , but also hy '

means of control parameters for each ttem of inventory. Exampies of such pararncters are:

Re-order level
Economic order quanmy

K

= t 1mportanee the formerare dlff icult

tocalculatc andasaresultsuch éstimates ar ade Mffequently. The normal attempt 10 control
__-_stock—outs is. through the adoption of serv%:e}s -although, as will be seen below this




-Maximum stock .
Average sloek

Inventory Appllcatlons

-Because the manufacturmg process in many orgamsatlons is highly cor. plex 1nvolvmg large :
_inventory stocks, , many departments and users also account for the largest portion of product
cost, and even small improvements in its resource utilisatien can Benerate large profits.
Reduction of work-in-progress inveniory, eliminauci of duplicate holdmgs and order status
- information that permits the 1dent1f1cal10n and expedltlng are some of the benefits gained frorn
: the compulensed inventory systems. :

Table 1 given below descnbes the kinds of computerlsed inventory applications used‘in order.
“of i increasing complexities. A prerequnslte for computensed inventory system appllcanon isan
 item-coding that can be used for all sub- systems of inventory, bllls of materials and purchasing
-records. At the simplest stage inventory accounting systems” ‘are 1mplemented followed by

'requlrements gcnerauon (bllls of materials) and"physwal inventory systems

| “Tablel
Computer Based Inventory Applications
~ Least Complex . corvenanrasns S wrosser , . Most Camplex
Application o N _ Application, - §
Weekly stock rcportmg Use Reportmg o ) R g micnis Continuous updalmg of
with daily activity - _ S ng mventory .
Hstings Cos e - o . o
Item catalogue  Requirements . QEOQ calculations 'Autoj_matic item status -
'preparation .- reporting S reporting '
: ABCAnalysns . Time sericgmg S ~Automatic i o
: (dlstrlbutlon by Value) requiremfy ming o © . replenishmént
. - ‘ - initiation (Purchase
Orders) '
~ Net return analysis © " Listing of proeurelflent
o - ' requirements
Cycle count phys'icz.al

- _invenlory accounting

7.5_INVENTORY SYSTEM DESIGN-AN EXMPLE _

Most modcr_n businesses require some method of inventory control, whether they are involved.
in outside sales orneed to monitorequipmentand supplies for internal use. Beginning withthis, -
we will design files for such an inventory system for a retail sales enterprise. This w111 gwe us :
‘an opportunity fo know about inventory system [iles and data relduenshlps

General Desngn of Inventory Systems

Inventory systems generally require, the use of several data flles One file usually referred to
as thie master file, keeps track of the quality of each item presently in stock. In addition, it may
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_ "also keep lrack of thc location of each ltem in the warehouse the cost of the item, é.re_ofder
point, the quantlty currently on ordér, and the name and address of the vendor the item is . .
purchased from. This allows the user of the sys tcm to locate an item qmckly, get } l‘isting'of
‘goods that need to be ordcred create and print new orders automallcally and pcrform othcr
i snmiar stock control taska. ' - -

' Mast Busmesses also llke o kccp lrack of cach lndl\-’ldlel trdnsacllon thal occurslwnhln the -
busmess [nformatlon on these individual transactions is tsual! ly mamtamed in seiJarate data -
files called transaction files. One sucti file mlght keep track of 1nd1v1dual sales trdnsactions: -

to whom items were sold, when, for how much and the inveice or recelpt numbcr A secand
- transaction file might mamtam an on- gomg record of all new stock recewcd We (,an seethe .

- relatlonshlp belween the master f ile and two such trdnsaction f lles in F igure I.

i -The transactxon files maintain a hlstory of all 1nd1v1dual tratisactions mvolvmg tlle sale and >
recelptof goods whil¢ the masier filé mamt.nns the current, status of goods in stook ar any given
‘moment by using information supphed directly from the two transaction- files. In o sense, the .
' -mdster fxle is-an up-io-date summary of all act1v1t1es in the two transaction files. a

Key Flelds o

- 'thnever we' desxgn a system mvolvmg multlple da@uch as these, it is 'v'e_r.y imp’ortam'
to define a key field that can be. used to relate the garious#fes to one another. Akey field has
'the followmg charactcrlsucs : o : -

o _-. It is u.mque for every record (1tem) m§as flle

o Itex1stsmthemasterfllcand inthgtra cuonflleswnhtheldentlcal flc!d name ty,pé,aﬁd

o wldth _ _ _ _
“Figure \: R@@shl of typlcal mventory system data files
o MASTERFILE -~ |

- Records.
Part nimber
; It_em name
Amowmit in stock -
JCost v T
Amount in order
‘Locition in warehouse -

" Vendor Infermation
- Order Dape_
SALEbﬂSSUES TRANSACTION FILE R K NEW ST OCK TRANSACTION FILE
" Records: | | Records:
‘Part Number - . S | Part number..
_ Quantlty sold;‘)ssued . S | Quamnity received
i Selling price - . B [ .. Piirchase price -
I Datc sold/issued . o B T Data reccived
- Customer name - - o | Vender
“Clerk name - ' R N




Thc key field in most software systems is an 1den11[y1ng code. Inan. 1r1vcn10ry system such as.

‘the one we are designing here, this code is usually a part number: each item the store carries

has a unique part mumber. Without the use of key F1(:1(15 data can bc vcry difficult to manage.

Inventory System Problem Defimtmn

Our Inventory System will be designed to allow a small business 1o keep trdck of all goods in
stock, goods on order, and the location of the goods in the store. Whenever the store decides
to carry a new item, the item will be assigned a unique part number and added to.the master file.

~ The system will provide the user with reports of all goods in stock; items that need to be
_ reordercd, and items on order, and will automatmally producc purchasc orders

The syslem will also allow the user to keep track ofall 1I1(11V1dlel sales transactions: items sold,
to whom sold, salesperson, date of sale, and invoice number. Similarly, the user will be able
to keep track of all incoming goods as stock is replenished. The individual transaction records
from sales and goods received will be used 10 automatically update the stock slatus records in
the master fIlC '

" Inventory System 1/O Specul‘catmns The prlmary outpul from the Inventory System master

file will be reports concerning the status of the inventory, and purchasc orders for restocking.
A curreni-inventory report will display the part number, part =scription, quanmy on hand
purchase price, location in warehouse, and guantity on ordgfopeach item in stock. A record.
report will listall those items that need to be reorder an on-order report will list all items
currently on open order. Finally, the system will aé@’prim the purchase orders when the

user is ready io restock. o Y .
We will need at least the following ithshe aster file to develop all these reports..
Part numbcr' : S I '
Item description o

_ Quantity in stock

Purchase price
Reorder point
Quantity on order
Location in warehouse
Vendors name

_ \?c'ndor's address

Date oflast update
Date of last order
Quantlty 0 order

The system should produce a recelpt foreach sales transaction. The receipt should contain the
part number, quantity, invoice (receipt) number, sa saleperson’s name, Customer's name, selling -
price; and date. So the sales transact;on fllc will need to incl udc the following:

.\

Part number




Invoice number

'~ Salesperson's name

Customer's name

- Quantity sold

. Selling price

Date soid- N
'Whether posted.

And fmally, the system must keep track of goods recewed and producc a report
part number, quantity received, purchasc price, date ret,ewed and name of vendor

. stock transaction file will neccl to mclucle

Part number . -

~ Purchase price
*- Date received

Inventory System Flles DeSIgn

Vénc_l()r"s name - .
Whethcr posted:

We wﬂl use three data flles 0 manage the i mv

:.hoWin'g; the
So __the'ne\?u]"-'

the master file and two =lransactidn -filés._

The_ Ma_ster File: The structure of masle%nh a brief dcscnptlon of each field's conlents

"~ is shown in Figure TI. You can u'se@mn rmation to build the Master File.

Structure for the Master data file "

R

.Fi'el.d name - -

i Width " Contents
1 Pan-No 5 Part number (key field)
2 Title 20 item description
3. Q- ' 4 '_Quzj.lfltit'y in stock’
. 4 Cost " 9 "Purchase price
s Redfder'.- 4 Reorder ptht |
6. On-Order. . 4 Ql_t'aﬁtity in stock
7 . Location . 5. Loéation in wa_rehoﬁse,'
8  Vendor - 25 Véntiér‘inam_é- '
9 Vendor-add - 25 : Vendor's address.
'.'10 Vendor-CSP ' 25 'Ve_nd'ér's city, statc,'PlN_.
11 Date . 8 Date of last update
12 :_Ordc[-datc 8 Date of last Ol'dl?l'
13 .' New-order S 4 .Quaumy to order
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The Sales File: Nexl we will create a data file to keep track of individual sales transactions.

. Noncc that in the Master file Just created, the key field narncd Parl—No has one character of
_,data type, and'is. fwe characlers wide. Smoe th1s will'be the field used for updattng the Master
- file, the Sales transaction file must have an 1dentlca1 key field. The stiucture of Sales- File is
shown in’ thure TH. Field 8, posted, is a special Tield that will be used to determine whethcr
.or not a gwen trdnsacnon has already been recorded in (or posted to) the master mventory f 1le
-to|keep transacuons from accrdenmlly bemg posted tw1oe

Figure m Structure for the Sales data file

Fiéld name =~ .+ Width Contents

Part-Nunber
Invoice-No

Part number (key field)
Invoice nurnber -
Cletk .~ 12 Sales person's name (orcode)
Customer . - DU |
Qiy
Price
Date
+ Posted

N Vo

[}

Customer's name
Quantity sold

Selling Price

Date sold

Posted to nister file yet?

_ o D A

The New Stock Flle. The thtrd file in the syst be used to keep track of goods
received to replemsh stock. Again, since the m; r filewll be receiving information from this
file, we will need to, lnclude the key field Part- 5 e structure of New Stoek fileis shown

1nF1gure v, o _ T :
) R o Figure W@du for the New st::o_cl'(-Dat'a' file
Fleld?nanle' R 7 Vwidth Contents

Part number (key fleld)
Qua nt]ty received .

Cost Purchase- pnce

Date Date rec¢ived

Vendor 25 Vendor's name

Posted . T 1 : Posted to master ftle yet‘?

Part-Number
Qty

[V}

' Now that we have deslgned the F 1les for our Inventory System we need to desrgn the mput
menu (Screcns)

We want 0 des1gn the system to al low drfferent 1ndw1duals to pert‘orm the various major tasks
That is, the store manager will be respOnsrble for managing the master 1nventory, placmg
- orders, checkmg the status of goods, and so forth. Indmdual sales transacuons will be entered
by sales clerks:at the poirt of sale; and i mcornmg stock will be recorded bya stockroom clerk.
Inasense, we w111 be usmg three separale but related systems with the overall structure shown
in Fi 1gure V..
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F igure V: MENU) sub-systems "

- MENU1
'l'nventory_
‘System
Main Menu
1. Manage inventory master _
2, Manage Sales information
'3, Manage New stock mformatlon _

Ex1t
1
MENUZ C f | MENU3C || MENU4
A B Add._;l.ew_'part_s : _ ._:Recordisal'es | Record 1lems recelved
‘| Print reports . | Printsales re ] _ Print: r¢ports - -
| Make changes . Make chemges | Make changes
".-_'_UpdateMasterFile_ 1 B D g T

The mventory system can be srmpI‘ 1ed d its functions can bc represented by
- shown'in figure V. the Menu. 1 verall inventory system menu. Depend
‘choice it would actwalc programm

fdur menus
ng on user's

ub- -programme which would result in drspla|y of second-

ary level of menus ¢ g mt%wnu Jormenud, - - L :
"The main menu 1 would give the useraccess t() Invemory, Sales or Stock master files. Use of

;_.secondary level menu shall prowdc user option 10 record new parts, print report.,

, amend the -

- existing 1 records Sunable programmes can then be developcd 0 perform the abovc desired

. _funcuons

Act1v1ty A : .
" Prepare a flow diagram of the lnventory system in your OI’gHHIS'lthﬂ Examme it]
- the I;‘O specrf:catrons and tile de51gn Sysuém descrrbcd above

n 'cbntexl of




76 SOFTWARE PACKAGES IN INVENTOR\Y MANAGEMENT ;

Table 2 llSLS some Of the computcr softwarc packages whu,h havc been publ:shed in whole or

~ in part, to deal with inventory management. The rates of mtroducnon of new. packagcs and -

- modlflcauon of existing packages are high, so the details in the table are only mdlcauve and
only outlme of the types of packagcs available ]S glven :

The packages listed.in thie tablc are mainl v dcrwatwes of ca rhcr software and are aeSJgncd for -

implementation on ‘mainframe computcrs In gcncral these packages offer a wide range of
facilities, in addition to inventory management. Such commercially available mainframe
packages often provide planning and conlrol routmcs purchase order prooessmg €ic., as well
as inventory managemenl :

- Table2’

'_'Name' ' o Snbplig_r - . References-

omMac - I - | ’ o

PCS Burroughs - - : “Jour. af!ndustr:fdl Engg,'_ MErch 1977
MAPICS -~ IBM . o ”

-IMS/66 P Hohcywje.]l - - Jour. « in ma}Engg Jan, '
L - . -_ 1977, o
ovBER Comoldata | f[ndustrmlEngg Dec.,
U | ER 2

Industrial Management ~ Mod CEmp Business %ﬂur of Industrial Engg. Feb.,

_Systc_'m__201 - Syslems 977,79
GIPSH B - Aston Univ.erQ'. . [idernational Jour. of Prod.
Inventory Control and - o s Reasearch 1980-81

- Replenishment system . @ L ;

~ There is; however, a move towards the development of micro-computer based yet comprehen-
sive inventory management packages which provide notonly for inventory record-keeping but
N ;;Elso for decisioh making in unceriain conditions against required service levels. An indicative. '
!istof in_vcntbry management software available locally is also givcn bclow: '

: Nar}il'e of the Package - -  Suopplier . - . -Operatlngsystemf[anguage

Invélnlory stock Accounﬁng and - Uptron Ltd. _ .. UDOS, B- BASIC
~ Conirol System : o _

Inventory Control g Par Cmﬁpufers Ltd: = MSDOS, CPM, DBOS
Iaventory cantrol Computernch Datamatics Consultants - Wang OS 6.3 ' '
System : : S LW e : '

. Imveniory Managémcnt System 'Soft_scé.r'l Co_rpn.'-_l ':_ L APPLE-PASCAL
Inventory Module - . Mdegabyte Consu]tEn_cY CP/M, COBOL

: s Pvt. Litd. : ' o .

Iuventory Control .. Eiko Sa]cs Put. Ld. 'CP/M,BASIC .
Inventory Menitoring System  NELCO ~ - CP/M, BASIC

Inventory Management . IDMLd. . CP/M, MP/M, COBOL




' '-better

- applrcatrous have been drscussed in terms of

‘There are a number of other inventory software available curtently in Idia. Detail§ of these can
be obtained from software houses computer dealers and other computer ]ouma publlshed

Sn-line entry of transactlon and masters, vahdatlon of i mput data stores ledger and stock status '
consumptron analysrs ands summary, exceptron reportlng for minimum level and r|eorder level.
Actwlty B . o - | ' _
‘Briefly . feview the- oomputerrsed lnvcntory Control System evaluate therr advantages and

-j lrmltatlons in the context of your orgamsauon ‘

B L R R R I I T N T T T T T B R B ]

P T T T

}-7;7' SUMMARY ]

| “This unit attempts to help you to understand compu@ed mventory appl1carron systems '-

Listics. Varlous computer bas'ed mvemory
mplexities. ‘

An example has been prov1ded to design uterised inventory system frles to establlsh data
_ relatlonslnps The example can be er veloped by you to 1ncorporate variqus reportmg -
- for outputs t6 the users, : ‘

- Asmall indicative listof invg & pa ages has also been provrded o grve you alJ 1dea of what
'_ rs readrly avarlable in thé ma s : o

. We have defmed the term lnventory and its chays

-._"7.8' 'SELF-ASSESSMENT EXERCISES" '

1 State and explam 'Inventory and d1scuss its main features Descrrbe Lead 'Irme and
Demand forecast.

2 - Read the- followmg stalemems erte True (T)IFalse (F) in front of lhem ‘

i) Demand isa mcasurement of the total requlrement for a grven 1te1n o+er a spemftc
time period;

ii) Review, order manufacturmg and recewmg perlods are the part of démand
forecast

itiy  Order penod represents he actual tlme required to review the mvemo‘ry status and
prepare the approprlate order,

iv).  Review period is the time per1od between reviews ina fi 1xed interval system

v) - Setup cosls for manufactured items does not mclude the cost of plannmg,
schedulmg, loading and expedrtmg the item by productron control.

3." Discuss various applications of Inventory and its filc desrgn system.
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Answer Key |
) Qucstlon No.. 2 o .
(1) T (11) F (111) T (1v) T (v) F
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UNIT8 COMPUTERS IN HUMAN RESO RCE
” | MANAGEMENT -

_The objectlves of this unltarc o R - -

® o explain the varlous oomputer based 1nE0rm‘1110n syslems for human resouLce manage-
ment

® to understand human resource managemenl system needs : ‘

¢ 10 apprecrate the main requmements for these systems ' . ‘

Structure R Lo |
8.1 Introducuon
8.2 . The System Needs - : : _ T

8:3 - Designing the System : ‘
8.4  Uses of Compuiers in Hunian Resource Managemenl ' : ‘

8.5 Software Packagcs in Human Resource Manager
8.6 Summary

8.7 Self-assessmem Exercises. o o G ‘
8:8  Further Readings : C : N ‘

8.1 INTRODUCTION E

Every company has to deve crsonnel information system (o meet its‘own requirements.
A system cannot simply be i d into a company and expected 1o produoe dcélred results.
Itis nccessary first, to define whatthe system is 1ntended to do,and thento examine what records
and systems are needed to achieve this.

The purpose of a system will vary enormousl y according to the Ob]eCtIVCS of the J;Ompany and
may well have to be decided by senior management, leaving the applrcanon to the individual
opcrating managers who will need to define their own: mforma‘uon requrremenis wrthm the
broad framework of overall objectives. These could be any of the following: .

® To supporl wage and salary admi lnlSll"dtI()ﬂ - ‘
® Tofacilitate selection and appomtments
® To help identify high potentbal people
@ To determirie in- -company promotion

@ To hélp in the admlnlstrauon of management devclopment and lralnlng
@ To help and dévelop full pott,ntlal of employees and_departmem

The objccuvcs ofa system will ehange in e process accordmg to circumstances. In the past,
for instance, dctermmmg wages has been the main purpose of employee 1nf0nnat10n Today,
such things as récords of skills for manpower planning have begun to.assume equa unportance

s




82 THE SYSTEM‘ NEEDS

Human resouroes management mformatton systems are requned for three main purposes

' '_1 . To store the personal detalls of mdrvrdual employees for rcference .
2 To prov1de a basis for decrsmn makmg in every area.of persofinicl work especrally in |

- Manpower forecastmg and planning:

recruitment and selection. L

employment mcludmg promouon trans£ers cnqclplmary procedureb termrndtron and
redundancy S oo
‘education and training

pay administration -

health and safety.

-3 ' Supplymg data for returns to govcmment departments

Personnel recoras and informationprocedures-can be based on ari entrrely manual system but,
: 1ncreasmgly, they are being. computensed toa greatcr or lesser degrce The advent of mlcro-
- computers is acceleratlng this process. ' : :

A comprehensive system of records covers all the mforma n requrred about mdlvrdual-
employees of needed for personncl decision- maklng But ormation must be relevant.

Every piece of information must be challenged wi _questxons "What purpose will this
* serve?, "To whif nse will it be put?’. The first point té when setting up a record system is

the objective of each item in terms of the decisiggs it witf help to make, its contribution to the
assembly of essenual statistical information, _o%portance as a reference point in dealing

*with matterb affecting individual emp]c?: N _ N
It- is necessary to avold_ any gaps iJnf ' tion which is essential for decision- makmg It is '
equally necessary to avoid gathe%less data or maintaining elaborate statistics to which

1o oue ever refers. Too often, a 'on®6fF request for information leads to the setting up of a

- permanent record or data collection system, alithough the information may never be requested -
again. Regular .rev,iewo should be made of all records and returns to ensure that they are Servin'g'

" useful purpose and that they are gencrally cost-effective. It may be cheaper in some circum-

 stances to maintain manual records raterh than to computerise. It may be less time- -consuming.
and costly to-carry out a spec1al exercrse Tather ’than 0 rnalntdm a permanent reeord

Identifying mformatlon requirements | S ;

The startmg pomnt should be an analysis of the decisions that the. oompany mdkex or may need

~to makeabout individuals or groups of employees or the work force as'a whole. This should be _
~ followed up by ananalysis of the mformatlon requ}red by government departments and agenmes '
-.and“ by employers :
Hum an Resource Management deusnons requmng statlstlcal data

'I'he mam decrsrons for which statlstlcal mformdtron or individual data may be required are:

O Foreastmg the future supply of manpower by analysing; for eaeh- category of staff labour
turnover a age dlstrlbutlon absenteeism and prO'notlons
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‘analysis of present manpower productivity levels and costs {e.g. manpower
-of output, or the ratio of manpower costs to sales turnover or profit)

Forecasting the future demand for manpower by ratio-trend analysis (calcul%lting current

ratios of manpower (o activity levels and forecasting future ratios by refuence o pro;cctcd
.activity levels) and other statistical means '

The introduction of p_roductmty improvement or cost reduction, campaigns ‘basefi upon
‘cost per unit

Planning recruitment (':ampaighs on the basis of analysis of the resultsi; of previous
campaigns, especially sources of recruits, iedia costs and success rates, ancF the relative

-, pulling power of dltfcrcm inducements and récruitment methods.

Planning training programmes-subjects toWg

- . turnover, abscntccism%ss, ccidents, discipline cases and grievances

Introducmg_ new or improved interviewing and testlng techniques on the basis of

‘comparisons between interview and test assessments and subsequent performance

Identifying people with particular skills or powhtfal for new appoimm-cnlS'(Lr promotion

- Improving disciplinary proccdures or amending work rulesby analysing disciplina'ry-caScs" _

Introducing new or improved time-kéeping methods or considering the introduction of

* flexi-time by reference to time-keeping records

'-Planning redundancies-consuiting unions, transfgurin®or retraining employees, selecting

employces for redundancy, helping to placegedun employees

Jvered, types of courses and|number of
courses-by reference to analysis of c changes in manpower (numbers a'\'nd skiils),
performance review records and job Mdd training specifications

Mion and morale by reference to statistics on labour

Taking steps to improve job

- Changing pay systems onWi€ basis of statistics of price index fluctuations in earnings, the-
‘proportion of employees on average earnings.rather than payment-by resultsJ COst per umit

of output, fluctuations in earnings, the number and consequen{:cs of arguments over job
rates ' ‘

_ Rcviewing pay structures and levels of pay by reference to statistics of carnings in the
- company, raies of pay elsewhere, and the distribution of rates in each pay grade

Contiolling performance reviews by analysmg the distribution of menl dwardq in relation
to budgets and gulddmes : |

Taking steps to improve employee relations by analysing the causes of disgutes

Determining the information thatshould be communicated to vnions and cmﬂiny‘ees about -
the company or to assist in gegotiations and joint consultation

Improving health, safety and fire precautions by analysing reports on industrial disease,

accidents and dangerous occurrenices, MORItOring returns on xposure 1o hs':allth hazards i
relation to predetcrmined threshold limits, and ﬂudymg reporis on health, safety ancl fire

inspection, ‘;pot-chc{,k% and audits.




TIndividual data
. Individual information sh_(.)ul(.i include:
The applicatidn form giving personal particulars

Interview and test record

Job history after joining the flrm 1ncludmg detalls of ernbfcrs, promotions and changec. in
ocgupdtlon

Current pay details and changes in salary ot pay
Education and training record with details of courses attended and fesuits obtamcd

Details or pcrt‘ormdnce asscssmenis and reports from appramal or counselling sessmns

Absence, latcness accident, medical and dlSClpllnar}' with detils of formal warmngs and
bUHpCILSIOHS

@ Holiday entitlcmeny
@ Pension data
@ Teirmination record, with details of exit imerv_iew and suijtability for re-cngagement.

Collective data _

Collective information may include: S 0
@ - Numbers, grades and occupati_ons of employetSum -
Absenteeism, labour turnover.and lateness s

Accident rates .
Age and length of service distributjgns Q

Total wage and salary bill

~ Wage ratc_é and salary leve
Empioyc_c cosis '

Overiime statistics

Records of grievances and disputes

FERXEREEEERLE.

Training records. -

8.3 DESIGNING_ THE SYSTEM.

- ThL iy pe and complexity-of the personnel rccords of mtormauon system must obviously depcnd
upon the Lompary and its. nncds Small companies may only nced a basic card index system for
lndmdua! cmployees and a simple set of forms for rccordmg information on numbers
emplovcd labour turnover and absentecism. But a larger coipany will aimost cerainly need
afgore complex Systein because more information has to be handled, many moredeumomhavc
,_jm ‘made, and the data changes more ofien. Card indexes" are not enough, - because
suppiemuﬂary ]‘CCO]’db may be nceded to gsvc more gclasled mformatmn aboul individual

employees: _




" The key decisions to be made when designing the system concern;,

The desrgn of the basic records forms and mput material o ' ‘ '
The use of computers ‘

B

-'-The procedures and programme for oollectmg, recordmg, updatrng and drssemrnatmg* :

information. - _ . : e

'The extent to which records should be centrallsed or decentrahsed .

" 'Theuse e of Computers: Advances in'computer technology mean thatrelatively Small,fmnspan o

“use Computers, not only to store data but also to generate information: for dccrslon-makmg '
purposes. When thmkmg about convertmg manual records 10 a computer system or updatzng .
an exlstmg system, the pomts to consider are; '

_1: Whycomputerlse‘? o ’ = : _ : i
2 Towhatusescana computer beput? ' o

3 Whatsystems should be selected and how‘? ' _ _

4 How should the system ¢ be operated? R o |

Computers will hold records in 2 more compact. and accesstble way, and they can Le _]llSllfled |

for this reason alone. They can generaie mformatron for decision-ma klng more ﬂe#rbly, more
qulckly and more oomprehenswely than any manual : =

3.4 USES OF COMPUTERS IN N RESOURCE o

MANAGEMENT ™~ == =~ |
- E _'I‘-he main uses 10 whtch compute_rs ' b‘%'hﬁ[ﬂéﬂ _reso'uroe depar-'tinents_.are: -

' Keeping records: Replacing .cardQEs and filing cebinets by ma-gnetic discs. ‘ |
Listing’s‘ Quicldy providing@ of employees by department occupatron grade paylevel

' le"'ﬂgth of service, age, sex, qua rcatrons skills, etc.

* Automatic letter writing: Producmg standard letters and forms for recruitment, promotron
_ transfer, upgradrng, appralsal pay revrew and new contracts of employment ‘ .

- Manpower planning: Using manpower data to forecast the future: demand and‘ supply of -

people. Manpowet- models can be used, for the following: forecasting model for exammmg
“a hierarchy of grades by age. Useful for gammg a general understanding of future movement '
~ of staff- and changes in age;’grade structure. - - _ : : . ‘ _

: Labour turnover analysis Provrdmg labour turnover matistics

Career development' As a development of manpower planning models, c_omputerrsed
Jpersonnel mformatron can be us,ed to 1mprove suec’essron planning. - '

Reermtment* The oomputer can, in effect, be used as a frlmg cabmet to store details of each__?
applicant, date of receipt of appllcatron when ‘called for interview and: the outcome. If an
applrcant contacts the company, hecanbe mformed of the progress of his appllcatton Managcrs
can be given details.of the number of appl icants and how many ‘have been interviewed. Lists
and automatlc letters can be produoed when calli mg for mtemew 1e J|ect1ng apphcantsE/r maklh
offers ' : :




B Trammg Records can be kcpt to check on who has reoerved tramlng or on progress through_ |
other tramlng schemes: Lrstmgs of skills and. qualrflcattons by department or oocupatlon cani: .
‘be produced to 1dent1fy gaps and trammg needs o '

Pay Informatron canbe drawn from both personnel and pay-roll systems to analyse pay roll |
costs and ratios and to assess the impact of various pay increase optionis on the pay stucture and

" on total pay- -roll cos!s. Budgetary control systems can be computertsed to show actual pay- roll
costs against budget and project future costs. .

Salary administration: Salary analysls reports canbe produced which: gwe rnformatlon by'
employee on occupation, salary posmon in salary range, tutal percentage increases over -
prevrous years and annual appraisal. Individual forms and departmental schedules can be
generated for salary reviews. and analysrs can be made of the salary structure (&g, comparr-

_ Job evaluation: Data bases can be created to hold and process the r.rformauon on Job
“evaluaijons, such as grades and point scores: Welghtlngs of job evaluation factors can be

- ‘computerised. In a job evaluation exercise, the information system can be used 1 point out the

- names of those whose jObS are tobe evaluated. Detalis of job, grade, function, location, sample

Size and current point ratings can be programmed in. The dat base can link together similar

posts in drfferent parts of the organlsatlon Ltstlngs of all radmgs, re~gradmgs and porntsf
= Foored can be produced - : '-

_:—_Absence and sickness: Absence and srckness can beed by employee, with reasons and |
_.analyms can be produced of absenteeism and S'?ﬁr- : L

d on ccidents and absence due to health hazards

Health and safety: Records can be maintaj _
on who has worked in certain areas, or who _

Trends can be analysed and information§
_ has used certain processes and for

Actlvity A

Crltrcally evaiuate the use of compulers by yourorgamsatton for Human Resource Management '
: _decrsron maklng, in.the context of the dwerse uses descnbed in this uiit.




Actw:ty B
What other activities would you like your organisation to take up for computcrltrauon?

..........................................................................
B I R L T L R T R T T T T T R T T R ]

.........................................................................

8. 5 SORTWARE PACKAGES IN HUMAN RESOURCE

MAN AGEMENT

' Least complex

!’.5 Table 1 given below descnbcs Lhe kind of appllcatlo used for human resource maha gement

mformatmn system in order of increasing comple
often the first administrative operation to be cdguputgrised. The highly repetitive nature of the
job with well defined rules of computatiopygnade a logical target for automation, particularty
since large number of clerical personnel %equircd- to performn the function. .

ities. Historically, the payroll function was

Table . -
Com_puterised@tions for human resource management system’

Most Complex ‘

Application . ... v e i i iy veeasssaessans.s Application

[ Pay-roll preparation @ Automation of basic @S_aiaryAnalysiSl @ Skills Inventory .

Personnel data

@ Cheques preparation @ Preparation of '. _ ® Performa nce @ Manpower pla nmng
' _ scheduled reporis e.g.  appraisal analysis
@ Production of . - Scniority | @ High-Flier tracking ‘
required reports - Vacations :

Table 2 gives an indicative listof sofware packages available in the market. There are 2 number
of other software packages available in India for wide range of computcr systems. Details on
these can be obtained from software houses, computer dealers and other computer -joumal's

" Most of the above mlcro computer based software packages are interactive and menu-driven
- which can albO bs: customlscd to a limited extent at the customer's site. ‘
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o A TahleZ : o
" ,lndicative L!st of Saftware Packages

Personnei Tnventory - Mantec Consultant CPM, DBASEI
*Pay-roll Accounting e L C
_Skills lnventory - CMECON - COBOL

| ﬁ.‘M‘ia_‘_hpowerplanhjngﬁ .0 MECON ‘.. il COBOL,FORTRAN

8.6 SUMMARY

_ ThlS unit should havé glven you an uuderstandmg of a Human Resource Managemenl_ "

~Information System in an orgamsatlon The unit identifies the specific needs and describes . .~

* :yarious types of dataiand software packages whlch mlght be usefully applled ina Human
. -Resouree Managemem Informauon System IR -

Tt also explains the main uses and desagn con51derat10ns of the computers relevant for an S

- effeetwe and eff101ent Human Resource Management Infonnallon System

8. ’7 SFLF-ASSESSMENT EXERCISES \ ;

1 ;How does computcmed personnel Informatlon ¥

~'more efficiently? \ : S L e
2 ‘Evaluate your orgamsatlon S Human Resou Management Information System and
suggest how to make it more efficieg - ' Lo

& 8 FURTHER READ@

- 'Edwards c, 1982. Deveiopmg Micro- computer Based Busmess Systems, Prent.lce
_ ~Hall: Englewood -Cliffs. . _

'Mons R., 1984. Compu;er Basws for Managers, Busmesa Books Ltd

S London : o _
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 London. - : m o

- Sprmgall L Peraona! Records and the Computer, Industnal Socxety[IPM
London . S .

' - .-_Wllle E 1981 The Computer m Per?onnel Work, IPM: London
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BLOCK 3 COMPUTERS AND
- DECISIONAL
. IECHNIQUES

Having 1nlr0d uccd the computer ﬂppllCd tions in various functional areas in. BJock 2, we WlII
“now describe specific quantitative techmqucs of decision- makmg inwhich computers are used
- rather extensively. One of the most important d;suplme% for quantllanve decision- makmg is
popularly called Operations Research (OR). The first- unit of this bloclf will mtroduoe the
diverse applications of OR in managenal' de01510n makmg It also enhsts varlous OR
te(,hnlques

“The secondand the third unit describe indetaitone of the most popular OR techniques, namely,
Linear Programming. Wlth the heip of 1Iluslrallve problcms and exercises, variants of linear.
programming technique are expla med

problems can be solved manually as well as on.computers. lgrge $jze problems requmng use
of computers can clse be made available to participants w‘fo haveaCcess 10 compuier facilities.

v
@Q“

In this block, wc have. addcd an additlonai scctlon ic. “clo:t -yourself exercises.” These










All these factors, you will observe, have rcduccd the soope of decision- mak‘crs ability of
makmgdecmonsbased uponhlspaslexpcncnccand mtumononly Further, itisalso 1mporlamt
o know what constituies an 'effective’ decision. An effectlve decision depends on so many
different economic, social and polltn,al factors and view points. For example, a govesmment
decision on the focation of a new fertiliser factory would be based on cconoml factors such
as construction costs, labour costs, taxes, energy and pa[l’utibn control costs, ransportdtlon
costs, ete. On the other hand, location of a new ritedical college may be influenced by central,
state and local politics. Hence, understanding of the'possiblc use of scientific aPproach (also

~known as the scientific method) to decision- makmg is of great imporiance 10 the business
students. : :

Operdtlons Research (’llSO known as quantitative methods, management suclnce dccmlon
science and a few other names).can be viewed asa scientific method that has cvolvcd as an ald'
10 the decision- mak{:r in all types of organisations.

Operations Research is aqaummg an increasing degree ol importance in theory and pracuce of .
management. Some of the faciors which are responsibie for this development are:

).  decision problems of modern management are so complex that only d systcmatic and
scientifically based analysis can yield realistic solutions. .
i.i) nvailabi]ity'of diffcrcnltypes ofquantitative nigpde§Jor solving thesc comple managerial
problems. ' ' - ' |

¢ it possible both in terms of time and cost
roblems in all types of nrgamsauons such
cnl ‘health and <o on..

i) availability of high-speed computers b
to apply quantitative models to all real-
as business, industry, military, g

Opcrations Research is not a fix ula which cin be applied to all typés of probléms. This
requires that the problérns be delin®g, analysed and solved ina rational, logical, S;Lstcinatic and
scientific mannerbased o cls, Informa'tion andlogic and noton intuition and subjective
judgment. However, Operatig€ Research does not totally eliminate the scope of Fuahtatwe Qr
Jjudgment dblllty of the deeision-maker. In actual practice, Operations Research is useful only
if quantitative models can be built upon, and modified by the experiencéand creative insights
of the decisit)n—'makcr_. " '

Activity A

“Consider any major decision you made rccently Do you know how you made that dccis_icn?
-[\15{ the steps in reaching. that decisiof.

..-.....................-..-'-‘-._......-....._.-................,....-,-x ....
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9.2” HISTORY OF OPERATIONS RESEARCH

Operations Research came into existence during World War I1, when the British and American
military management called upon a group of scientists with diverse educational background
namely, Physics, Biology, Statistics, Mathematics, Psychology, etc., to-develop and apply a
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scientific approach to deal with strateglc and tactlcal problem% of varlous mtlltary opcrdtlons
~The objective wis to- allocate scarce resources in an effective manner to various military
operations and to the activities Within each operation. The name. Operations Research (OR)
‘came directly from thc cgntcxl in whlch it was used and developed, viz., research on mllltary
_opcratlons ' ' : o

In the wake of World War 11, the success qtorlcs of military teams attracied the attcntlon of
industrial managers in UK and USA who were _seekmg solutions 1o their complex exccutive
problems. By 1948, it had taken hold in UK and was in the process of achieving the same in
USA. By the early 1950s industries in USA had rcahsed tht, 'mpnrtzmcc of Operations Research
in solving thelr mdndgemem problems.

During the 50s, Opcmtlonb Rescarch dchlevcd rewgmuon as a subject for sludy in the
universitics: Since then the subjcct has gained increasing importance for the students of
-Mdnagemenl Public Adminisiration, Béhavioural Sciences, Engincering, Mathematics, Eco-
nomics and Commerce, etc. Today, Operations Research is also widely used in regional
planning, tranﬂpor!.dtmn public hedlth wmmumcatmn cte., besides military and industrial

operations. -

In India, Operations Research came into exisience in 1949 with the opening of an Operations
Research Unit at the Regional Research Laboratory atly bad and also in the Defence
-Science Laboratorv ‘at Delhi which devoted itself to the lems of stores; purchase and
planning. For national planning and survey, an @ ns Research Unit was established in
1953 at the Indian Statistical [nstitute, Calcutta. In ¢Operations Research Society of India
was formed. You may be aware that almost c universities and institutions in India are -
offcrmg the inputs of Opcratlons Respach iftheir curriculum in some form or the other.
Industries, government and other ag ¢ gradually becoming conscious of the role _b[
Operations Research in decisiogsmaking) ' '

9.3 NATURE OF OPERATIONS RESEARCH.

As its name.implics, Operations Research ivolves rescarch on (military) operations. This
 indicates the approach as well as the area.of applications of the field. Thas it is ag’ approagt 10 .'
problems of how 1o coordinate and control the operations or activities within an org,dm%auon
Followmg is an example. whlch will elaborate the nature of Operations Researeh. :

In order to rin an organisation cffu,uvely asa wholc thc preblem that ariscs trcqucntly isof -
«coordination among the contlicling goals of its various fufictional depariments. For example,
consider the problem of stocks of finished gondq The various departmeriis of the orgdmsa tion
may like to handle this problem dlfferently To the marketmg departments, stock of a large
: vamty of products is a means of sepplying the company's customers with'what they want,’and.
when they wanl it. Clcarly, a fully stocked warchouse is of prime importance to the company.
The production department argues for long production runs preferably on a smaller produu
range,.particularly if there is a significant time loss when production is switched from one
variety to another. The result would againbea tcndcnc,y 1o increase the amount of stock LEH‘l'iCd
bui it is also vital that the plant should be kept runaing. On the other hand, the finance
department sces stocks kept as capital tied up unproductively and argues strongly for their -
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roads, etc., whereas the actual ob]ects are complex and mlght not allow direct handlmg or;
. mampulat:on The ob]ectlvcs of construetmg these models is o understand by analogy.

' 2 Mathematlcal Models

The complcxxty of relatlonshlp in some systems cannot be represented physwally, or the '_
-physrcal representation may -be cumbersome and take time 1© construct or ampulate -
_Therefore, a more abstract model is used with the aid of symbols "The Input- -Output model of . -
national economy involving several objectives, constraints, inputs and inter- lmkages between

. them is a classic example of representing a complex system with the help of a set o“jequatlons -

_ ‘Mathematical models are extensively used in oil exploration. Usmg a set of data refated to
setsmologlcalcharacterlstlcsofearth itis posslbl.e t0 pred1ctthe presenceofoﬂ wrthreasonable o
probability. ' e S

Al mathematical models generally comprise three types of variables: Dependent variables, -
Decision variables and Uncontrollable variables. The dependent variables reflect the level of . -

effectiveniess of the system: A dependent variable means that for an event descntped by this

vanable o accur,another event mustoceur first. The decnsmn variables are those fac torswhere .

a chorce must be made These decision variables can be marupulated and contro led by the -
decision-maker. These are classified mathematically as independent variables of unknown -
vanables ‘The uncontrollable variables are those factors\ghich are not under control of the
decision- maker ‘These variables are also the indepehden varlables since they affect the--

‘dependent variables. _ o O -
ActlvityC o ' LN

“What is thie type of the followmg models?\ .

i) - Micro-filmed documents ' 24

i) Motion film, | Q’ SRR
- ifi) - Frequency curves m _ ST L
iv) Family of equations deschil lng thc structure of an atom and

v)  Flow charts in. productlon control.

T T T T
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. -9 6 METHODOL()GY OF OPERATIONS RESEARCH

By nsmg dlfferentOpcratlons Research techmques we generally attempt toarrive atan optlmal'-

solution of the problem based on some criteria or. cr1ter1on for optimality. The term optimality

- 18 discussed ina sngmflcant way in this unii, The major emphasts int this study matenal ison’

- quanutattve measures of optimality (some tlmes called measures of effectlveness) involving
costs and/pr profits. The general approach 1o solve a problem in Operatlons Resg arch is as.

follows : : o
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Step 1: Identrfymg the probIem .
Step 2: Constructing a mathemallcal model
Step 3: Solution of. the mode] - ' _
Step 4: Testmg the model and the solutron
~ Step 5: Establishing controls =~ -
g Step 6 Implernenting the solution. o

We wrl! elaboratc them in the followrng paragraphs

Step 1: ldentrl‘ymg the problem: This is the first cntlcal step because it sets the boundarles :
- forall that follows. The identification of all srgnlflcant interactions belween the problcm area
and other Operatlons ofan orgamsatron asa whole leads to the {ormulatron of the problem. Each -
problem has its unique characterrstrcs and may requrre different approaches to formulate 1t

' Step 2. Constructmg a mathematrcal model: After estabhshmg the criteria of optimality,
determine the specific mathematical relallonshrps (or models) which exist among all variables.
(controllable and uncontrollable) These are usually stated in the lorm of an equation (or a set _
of equatlons) or lnequahtres - - '

Step Solution of the model: Substttute the values of controllable variables in '__the

' rnathematrcal maodel to determine the vilue of eontrollable s (decision va'riables) that

opnmrse the given objectrve function. The actval solutjpmgrocetfure will vary aocordmg tothe

type of model. When the value of any uncontrollable e is likely to vary o is not known _

with certainty, the solution canbe re~evaluated of arang€of feamble changes in this vanable
m

odel isa partlcular representatron ofa
: esrfled aspects of reality. A model is said 1o
n of the system S performanoe S

' Step 4: .Te_stmg the model and the so
problem under study, which in turn rep

be valld if itcan provrde a reliable prgdictl _
i the model cannot be tested prro%lementatron then perhaps it can be rmpiemented in . |
phases for valrdatron For example,a new model for inventory control may be 1mplemented for '

- acertain selected group of items while the older: system is retained for the majority.of 1tems o
As the model proves itself, more items can be plaoed within its jurisdiction. A model muste

applicable for a longer time and can be updated from time to time taking mto consideration the._._
past, present and future aspects of the problem : T

Step 5 Establushmg controls Control processes are necessary to ensure that the solutron .
suggestecl by the model rcsu]ts in" the predicted changes in performance Beyond mltral
1mplementatron controls are’ necessary for mamtenance of the solution. B

Step 6: Implementmg the solution: The decrsron maker has not only to 1dent1fy good -
decrsron alternatrves bui also to select alternatives thatare capable of being 1mplemented This
lmplles an assessment of the. orgamsanonal c]unate for change and the decision-maker's
- abilities to move the organisation. The behavioural. aspects Of change are exceedingly rmportant
to‘the successful 1mplementat1ouof resulis. Inany case, the decision-makers who are in the best

posmon o implement results must be aware of the objectlve assumptrons, comm issions and L

llmltatlons of the model
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: Activlly D : _ .
- List the- major phases in the methodology of Operatlons Research

-..'.o.-..--'..-.......,........'...........'.--.--.......-._.... ...........................
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9 7 VARIOUS OPERATIONS RESEARCI-I TECHNIQUES_'

- A brlef comment on certarn standard techmques or prototype models of operattons research
~which canbe helpfuitoa decrsron inaker in solvmg the- followrng classes of problemsis given; -

- below However each one of these models of Operatrons Research mvolves detarled studres -

and in our context we are merely llstmg th%e 10 arouse your iiterest.

Alloeatmn models Thls class of models is. concemed w1th the alloeauon of sca ce rcsourccsr'- :
50 as 1o optimise. the given objectrve function, subject 1 certain constraints: Pr cedures forﬁ'
solving such type of’ problems are collectively called mathematical programmt g problems '

| - ~Mathematical programming problems are either linear or non-linearin nature. Unit 10 and Unit
L '_11 have descrrbed the various methods of solvmg Jin rogramming problems. L

N

The dtstmcuon between lmear and non lmear progra problems is based on the nature of -
the ob_]ecuve functron and/or constramts Fple linear programmmg 1s used in the:_ N
formulatlon and solution of those problem re the ob]eeuve function i lmear and
' constramts arein the form of litiear i ineq 'Transportatton and Assrgnment Problems’ can
be vrewed as special cases of lineaypgogra mmg These can be'solved by the use of specially . .
devised procedure as desertbed i 2.and Unit 13, respectwely An airine ¢ Omparty-can -
) 1mprove the fleet ut111sat1o oy usin transportatron model which will determin | the deploy--
. 'ment pattern of varlous aj n different routes. Srmﬂarly, the as31gnment model can be'.
' used for assigning an opnmal mber of salesmen to various sales terntortes in terms of sales.:- '_
potennal and number of eustomers in each territory. B

. -Inventory models The necd for mventory arises out of d1fferences in the ummg or loeatron. o
. 0f demand and supply This ‘applies whether you are thinking about raw meterials’ for al
;‘producuon process or frmshed goods stoeked by a tetailer, ‘wholesaler of manufaeturer '
- Inventory modelsare concerned with the determmanon of the opumal (called eco omrc) order
- ..quantrty and frequency oons:dermg such [aclozs as demand per unit tune, cost of plt cing orders, o
: costs associated with goods held in inventory and cost of runnmg shart. For instance, the . .
manager ofa warehouse has toconstantly balance the oos.t of carrying inventory, the loss_ of
_sales on acoount of shorta ges and administrative cost of ordering: the stocks

Wmtmg lme (Queumg) models' Havmg to wait in l1ne (or queue) is.a commorl experlence o
whtch allof us consider as unpleasant Wamng to board abus, to be served in a restaurant or

- m line at’a bank, we are eonfronted with dead t1me T'hese models attempt 10 precllct the_

o operatrng characterrstlcs (e.g., averagc length of waltmg time o[queue average time spent in
' thc queue by the customer etc) ot queumg systems The ()b_]eCl.lVC of thcse models is to_ '
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minimise the sum of costs of prowd mg service and costs ot obtammg service, pnrnanly in.
terms of time spent i queue These models have been successfully applled in the context of

: general hospltals where by determmmg an optnnal numher of doctors 1t is pOSSIble to reduce - - - '

© the average wattmg time- for patlents

Maﬂcovran models These models are appllcable in the situation where the status of the -

: .system, called its states canbe defmed by some descrlptwe measure of numerical value and . -

where the system moves from one state to another on a probability basis. In these models, we -
‘are givena sequence of events in which the probabllrty of occurrence for anevent depends upon -
the immediately preceding event. Markovian models have been successfully appliedto analyse
consumer buymg pattems to forecast bad debts; for plannmg personnel necds to analyse
equipment replaoement efc. .

" Network models: Whether you realise it of not, you already have experience at planning and

. managing projects. A project is any human undertaking with a clear beginning and a Clear_
ending. These models enable us to cope with  complexities and interdependencies involvedin
large projects. Programme Evaluation and Review Technique (PERT) and Critical Path
Method (CPM) are such type of models which are used for planning, schedulingand eontrollmg- '

' "complex pro jCClS which can be characterlsed as networks of mquitiple act1v1t1es :

Sequencmg models These models are concerned wrth the s€ ofan appropnate sequence :

of performmg aseries of jobs to be done onservice fagh (machlnes) $0 as w optimise some
ef_ftcrency measure of perfonnanee of the system. T ghuencing is concerned withsucha -

problemin which efflcieney measure depends g
of _]obs ' : :

eorderorsequence ofperformmga series
. Replacemem models* These modefs d pthe 's'tudy':of the teehniqde of form ulati'ng the
appropriate replacement poli icy in gi
for one reason or the other: Repl
equlpments Wh‘lCh fail eompletely an mstantaneously

_ Simulatlon models. A specral class. of mathemaucal models in management decis lon-makmg '

- 'comprtses what are termed srmulatlon models Simula tlon isan experlmental method used to

study behaviour over time. The process is similar to trial and error decrsmn -making. Instead
of 1mplement1ng the decision and seeing the results in the reai world, a model is constructed -
and ysed o test the decrsron This is-the way deusrons can be evaluated w1thout the risks

inherent in actually 1mplementmg them.~ : "

- The question then is, why use a sitmulation model, if it does hot yleld answers, whtle other )
mathematical approachcs do These models canbe bu1lt for problems thatare not amenable o
~ other methods ’ : : -

Deetsnon theory- Deers;on theory as515ts the decrsxon maker in analysmg complex problems
* with numerous alternatrves and possrble consequences. The basic objective of dec1510n theory

tions hen some items or machinery need replacement . - .
t problerns arc also to be used in respect of those

isto provrde more concrete information concerning these consequences, so that the decnston— _—

maker may be able 1o 1dent1fy the best course of action. Demsnon theoty relies heavrly notonly
upon the natureof the problemon hand butalsoupon the decision envnonment Basreally there' o
- are four dlfferent states of decrs1on environment as gwcn below
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.__Stat_es of Decisions .. . Consequences o ‘

~ Cettainty . - ... Deterministic. , -
Risk. .- .. . Probabilistic.
* Uncertainty i ~ . Unknown .
' _Conﬂ:ct PR 'Inﬂuenced by an opponent ' i

Dec:smn-makmg lmder cerlamty The cerlamty slalc £Xists whcn all thc mformatlon

required to make a ﬂCClSIOI'l is known.and available. For example in a tinear ]?rogrammmg, _
- problem, we know the resources reqmrod 10 producea product and its unit profit. [n these types

of deeision problems the demsmn-maker knows with- cerlainty the consequences of every

altematwe course of action. '

Declsmn-makmg under nsk The rlsk condltlon refers to the srtuatxon where tthI‘Ob&bllltlﬁS
' of certain outcomes (consequences) are known or can be estlmated There are: many ‘business
srtuatlonsmhlch can be cons:dered in lhls type of docns;on environment Some of these are:

_ i) Shoalda parneular product be introduced?- _
i) ‘Should we ‘build 2 new plant or: expand the prcsent one'? -
iii) How many packels of bread should a bakery make for sale each day‘?

i.v)' . Should a new advertlsmg programme be initia R _~ o e

In each of the above demsron snuatlons we have the € s of problem in deClsmﬁ_maki g

underrlsk R . X Q . . .. |
Decision making ““de" ““ce““'“t)' : The :.un ainty state refers 10 the oondmon where the

probabilities of certain outcomes are not k Itissimilar to decision- makmg under nsk with -
© One major dlfference i.e.; in this of s uauon we have no knowledge of the rrrobabﬂm&; '

of future events and no 1dea atall Ofghe [T ellhood of the various consequenccs Inmany of our
|d601sxonssunder ufncertain an xpress our de; gree of 0pt1mrsm or convert thefproblem to
‘Tisk with re1sonable accura nsider the lollowmg exaniple:Ina controlied economy, Iarge -
busmess comes under a heavy influence of the’ thmkmg of the rulmg patty adminjstered in the -
form of pohcy packages. Now whencverthe ruling party changes, the top managemenis of large'
busmesses face the snuauon of decision- makmg under unoertamty because no one can be sure.-
'of the: changes a new government might admlmstcr : |

: Declsmn-makmg under conflict: A condltlon of-conflict exists when the mterests/of twoor
: more decision-makers: areina competltlve situation. For example, if decmlon mak rX beneflts" :
from a course of action he takes, it  is-only because decision-maker Y has' also taten a.certain - -
cour‘;c of action. Therefore, in this type of situation, the dec1sron~makers are 1nberested ot only '
.'_mwhat they do 1nd1v1dually but also in what they do together For example whe m amarket.
' whichis largely controlled by two firms,. one of them decides to reduce the prices o; 1ts products
B ‘the Other firm now faces the situation of dems:on makmg under conflict, Because the decision
- of the’ flrst firm will atfect the, sales of the sccond firm and if the second firm al%o decides’ © 3
reduoe the prlce both the flrms w1ll be once: again affected

: Actmty E

-Each of the followmg is an example of a deC151on Place each decmlon in its appmpridtc P
category certainty, uncertamty, r1sk COl‘IﬂlCl : - :




. a) Decndmg what to wear in:the mormng _

- b) o Dccxdmg whether ornot to raise the pncc of a product -
¢} How many cakes should'a hakery make. for sale each dajr? '
d) Should a oostly new advcrtlsmg programmc be initiated?

'e__)' Which mode of transporlatlon to use for your product?.
f')' Scttlemcnl of labour management negotiations.

.....\................._...................._........'....-.......'_........_ .....
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9.8 OPERATI()NS RESEARCH AND MANAGERIAL
. DECISION-MAKING B

'Executrvcs at alt levels in busmess and mdustry come across w1th the probIem of makmg
dcclsloni,at every stage in their day-to-day actwmes rations Research provides the:
executive with quantitative basis for decision-making, an cnh ces his ability to make long-

range plans and to solve everyday problems of runring a b ss and industry with'greater
efflclency, oompetcncc and confidence. - . . ' '

" The advantagcs of thc study of Operauons arch approach in decisio_n-making-'may.bc
'classrflcd as follows:: Jeadi ) o

% Better oontml Sometimes it is a de'ﬂhd costly affair to provide contmuous executwe

supervision - 10 every ‘rowiine wg * An ®perations Reésearch approach may provndc the
executive an analytical and qua @ ¢ basis.to 1dcnt1fy the problem areas. This certamly -
_ enhances the cffccuvcness of the exEcutive in achlcvmg thc specific objectwe

: 2 Better system' Operatmns Research approach is also initiated to analyse a particular
_problem of dcmslon-makmg such as bcst location for factories, warehouses as well as &he- :
: cconomlcal means of transportation, producllon schedulmg, replacement o{ an old machﬁnc f

3 Better decisions: Since an iricorrect demsron can havc senous conscqucnoes itis 1mportanl

that the best information and decision- makmg wols are. available to the executive. ‘An
Operations Research approach may prov1dcthccxccut1ve with techniques that will enable him. -

' to make decisions in a: bcttcr way and with as much precision as possible. In other words,
'. Opcranons Rcscarch approach gives the executive an improved 1ns1ght mto how he makcs hlS
: decmons $o that he can lmprovc his dec151on-mak1ng Process. '
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“Some of the 1ndUStnal busmcss problcma Wthh can bc anafyﬁed by Operaiions Reaearch
'approach are classmed as follows : - .




1 Fmance, Budgeting and Investment . :

X ) Cashflow analysns long—range capltal reqmremems dmdend poh(ues in .reStmenf'

port[ollos o - R k

. Credit pohcres, credit risks and delmquent account procedures :
.'-. Clalm and cornplalnt procedures

2. Marketllig _ _
@ Product selectlon tlmmg competltlve actions -

0 Number ‘of salesmen, routing of salesmen, frequency of callmg On accouats, per‘oent-'
_ age of time to be spent on prospects vs. current. customers o '
N J Advemsmg media with respect to co'st and time
@ Physmal distribution of goods S
e Warehousmg dcuslons

e _.-_. To predlct and eXamlne the behavmur of cousumer

3 .Purehasing, Procu'rement and Ex—ploratlon '
. Rules for buymg supplles under varymg prlces

-". Determmatlon of quanutxes and tumng of purc

. @ Bidding policies e
® Strategies for cxploratlon and ex tati_o
. ) Replacement pohcres. L [v
4 Productlon Management Q§ _ _
L4 Assembly line bala@'l ) R '. '

e Aggregale productlon plnning and smoothmg

L 2 Productlon schcdulmg and sequencmg

f neWw material sources

@ Stabrllsanon of producuon and employmcnt tralnmg, ldy otfs and opumum product-
--. Malnlenance pollueq and preventwe malntcnancc
B . Maintenanice of crew sizes -

. _Pro;ect s_chedulmg fand allocation of reSource’s.' -

.5 Personnel Management

N Delermmatlon of equltablc salarrea L _
o Mlxes of the age and skills R : L
@ Recruiting pohues and assrgnment of jobs

= 2 Manpower planmng, schedulmg and deployment

| L J Management of absenteelsm

@ I_-abour-m_anagemem nego_tlauons.

‘1o




_': 6 Research and Development L

. Determmatron of areas of ooncentratlon of research and development

e Pl’OjCCI selection _ ' L )

® Rellabrllty and alternatwe desrgn R

@ Determmatron of trme Cost trade~of fand control of development proleets

- Actwrty F _ ;. S :
. Listat least two applrcauons of Operanons Rcsearch in each functronal area of management

T

B T T T T T

9.10 USE OF COMPUTERS B

-The use of oomputers has become closely assocrated w1th Operauons Research Many :
_ "managerral problems are rather’ complex mvolvmg num inter-related variables. The

“search forand evaluationofalternative solutions may beco agl antrc»computatlonal prolect
" Thus, many problems are solvable only with the aid ofhigh s computers Computers have

“the advantage of bemg a relatively i mexpenswe méans g -rapid calculation and possess the

accuracy and ﬂexrbtlrty invaluable m experr ntm__ W th ancl solvrng managerral decrsron .

'models IR S - $ '

The computer ‘has provided a means ving’ thos’e.'problems which have fong been
- quantifjable but=eomputati()nall comiplex or time-consuniing for ‘human edlculatron

" Problems which would take m o solvc manually can be solved in seconds using:

'-.computers Itis, therefore safe tosa that the development of Operauons Researeh goes hand
in hand w1th the use of computers B : . _ .

9 11 SUMMARY

-The sc1ent1[1c method and Operatlons Research conoepts are expldmed to help you lmprove
-your skill in solving management problems. This is done witha view to guide your thinking,”
1o provrde information, to help you solve problems and in'some cases 1o automate dccrs1or1-_
. making. The. 1rnportanee and Complexlty of-the decision- mdkmg Progess- ‘has resulted in ihe
. wide application of Operations Research into diversified field. of busmess and management
- Th1s unijt ends. w1th a brlef descrrpnon on the use of computers : '

| '9.1'2 KEY'WOR'D_S |

Analog model A model in wh1ch one physlcal property is’ used to represent ano ther phys:cal .
- property : :

111




Declslon theory modél_ A class of Operauons Research models de51gned to seleTt an optlmal
' course of action from a set of‘ altematwe courses of action. " S

' Declsion variables. The unknown that are.to be determmed by solvmg the modﬁl

Detenmmstlc models: A miodel in Wthh the functlonal relatlonshlps and parameters are
' knownwnhoertamly : e
Iconic model: Ascaled physrcal representanon of a real system Lo ‘ '

Operatlons Research Operations Research is a scientific method of préviding executlve_

departments wnh a quanmanve bas1s for decxslons regardmg the operatlons under control
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UNIT 10 LINEAR PROGRAMMING—PROBLEM
| '~ FORMULATION AN D GRAPHIOAL
METHOD

' Objeetives - | -
' " After stu'd'yin'g this unit, ;)rou' should be able to appreeiete:: s
. the nature of linear programmmg (LP) problems .

_. the requlrements of LP problems, and specrfrcally tbe ooncepls of 'lmear' ‘programmmg .

~and ‘optimal’ - T :

@ advantages and applrcatrons of LP problems

@ Jlmrtauons of LP problems ‘ S . o

. descrlptlon of the general structure of a LP problem and lhe concepts of ob_rectrve funcnon |
“constraints'; and non-negatmly PR o - :

@ the use of graphlcal method for solvmg LP problems _ '_ - |

Structure
T i0L lntroductlon '

110.2 Terminology and churremcnts Of LP .. .
10.3 o T NS

Advantages of LP

- 10.4 Application Areas of LP .
105 Limitationsof LP .

10.6 Formulationof LP Problems . =~ . -« ..
©10.7 Mathematical Formulatio 'Pro_blems SR
- 10.8 " Solution to' LP Problems e .
10,9 Usmg the Graphlcal Method for Mrmmrsatlon [
10.10 Special Cases in LP - SR
10. 11 errtanons of the Graphrcal Mcthod
10.12 Summary
10 13 Key Words _
110.14 Further Readmgs

10 1 INTRODUCTION

The TESOUICE allocatlon problem affecls all of us For instance, each day you must determme " .

- how to allocate your time among dctivities such as: study, work and recreation. Srmllarly, most

of us work with a limited financial budget and must make difficult decisions as 10 how thése
funds can best. be used for famlly living. If you are.a manager, then the problem may arise in
allocating] llmrted resources (such as men, machmes capltal equipment, materlals etc. ) among
competing. activities. Linear Programming (LP) has béen successlully applled 10 solve such
type of problems In this umt we w111 underlake the sludy of Lmear Programmmg




LA

Lmear Programmmg i 'one of the most wrdely used and best understood Operatt ns Research

o techmques The LP is concerned wrth the problem of allocatmg llmrted TESOLICES among:

‘competing activities inan opllmal manner Thistypeof problem arises ina numbeerf srtuattons

.~ suchas manufaeturmg an item atammlmum COSt, blendmg of. chemrcals allocati g-sales men
- o sales territories, seléction of vitious medra for adverltsmg campalgn, schedulmgproduetton .
| etc. In each of these srtuatrons you mayobserve that thé common 1ngred1ent is the requrrement o

. that some type of scarce/limited resource must be allocatedto-some specific act1v1ty :Since‘the’

. ra;ources employed generally involve costs and produce proflts LP problerns generhlly

concern elther mmlmtsmg the cost: or maxrmrsrng the proflt S R

a '_-'f'10 2 TERMINOLOGY AND REQUIREMENTS OF LINEA_R )
PROGRAMMING | B

- .Terminology _ S .

“The word "linear" is used to descrrbe the relauonshrp among two or more varrables whrch are
. dtrectly proportional.. For example if doublrng (or trlplmg) the p“roductron of a product w111|

. exactly double (or tr1ple) the profit and required resources, then it is a linear relau?)nshrp The |
~word prograrnmmg means planmng of actrvrtres in.a nner that achleves some optrmal‘
: resujt w1th restrrcted resources 0 - - :

A programme 1s optrmal' if it maxrmtses rmrses some- measure or {:rttenon of
B _effectlveness such as profll, cost or sales

.Reqmrements

Regardless of the way one defme'

oasProgramming, certain basrc requtrements whrch are
n be used for optrmrsauon problems - '

gtven below are necessary b e it
Decision variable and their, mnshlp. The decision (aetrvrty) vartables refer tc candl‘dates L
(products serv1ces proleets etc.} that are competmg with’ one another for sharing the given '

_ limited resources. These vartables are usually inter-related i in terms. of utilisation of TESOUrCes |

' and need sl_multaneous soluttons. The relatlonshrp_among these vartables should be lmear

:Ob‘]ectwe funetron' “The Llnear Programmmg problem must have a well- defmed (exphert)
. objective. t'unctton to optrmrse For example maximisation of proftts ‘minimisation of costs or -
. elapsed nme of the systern bemg studled It should be expressed as lmear functron of decrswn

vartables - - ' K v

Constraints: There must bé limitations on resources which are to be allocated among various
competmg activities. These resources may be productlon capacny, manpower tine, ;8paceor - . |

B ._ :_machlnery These must be capable of berng expressed as lmear equalmes or mequalities in¥

_.termsofdecrsronvanables S Co e B

_Alternatwe eourses of actron. There must be altematrve courses of actron For example tihere
may be many processes open toa frrm for producmg a commodlty and one process can be '
' substltuted for another : : -




[

Non- negatmty restnctmn- All varrables must assume non- negatwe values that is, all
- variables must take on values cqual to or greater than zero Therefore the prohlem should not
: _result in negatrve values fm‘ the vanables ' oo - L

Lmearlty and chwsrblllty All relatlonshlps (Ob]cctrve functton and eenslramts) must exhlblt
_lmeanty, that is, relationships among decision vambles must be directly proportronal For
B example, if our resource increases by some pereentage, then it should increase the outcome by =
- the same per(,entage Drv151b1hty meafs that the variables are not- llmrted to integers. It is
assumed that decision variables are continuous; i.c., fraeuonal valucs of these varlables rnust
be penmssrble in obtdmmg an opllmal &OIUIIOH S ' '

Determlmstlc In Lp model (objectwe luncllon and con'itralnts), iis assumed that all the ..
model eoeffletents are oompletely known (determlmsuc) e.g., profit per upit of each product, -
and amouril of resource aviilable are dssumed t(‘l be fixed durmg the planmng perrod

'Actwlty A _ : .
tht are lhe charactenstu,s Ol an LP problem‘? :

103 ADVANTAGES OF LINEAR GRAMMING 3

1 Llnear Programming can be used to @ﬂwcauon type problems Such problems are very' .
common and extremely imporiagtin orgnisations. Their solution is difficultdue to the fact
‘thataninfinite number of pos;%utlons may exist. An LP notonly provides the optimal -
- solution but doee so'in a very ef{fefent manner. Further it provrdes addltlonal mformatlon S
' coneermng the.value of the resourees 1o be alloedted ' ' N
2 'Linear ngrdmmmg gwcs possible and pracucal solutions as there might be other con-
strainsts operating outside the problem Wthh must be tal{en into acoount Just becausewe
can preduce so many units does not mean that they can, be sold. It allows mod1f1cat10n of -
its mdthematlcal soluuon for the sake of convemence (o the decrslonmaker : '
3 Linear Programmmg improves the qualrty of dec1srons It makes decisions more objecttve :
' rather than eub}ectwe . Sl : . '
g 4_ Lineat Pro grammmg helps in hlg,hl i ghtmg the hottl enecks in the productlon processes.

S Linear Progrdmmmg helps inattaining optlmum use of productive factors Italso mdrcates
' the <;1 gmf icance and utlhty of these Eactore more effectweiy ' '

' 10 4 APPLlCATION AREAS OF LINEAR PROGRAMMING

. Lincar Programmmg is the most w1clely uscd techmque of. demsron makmg in busmess
industry and i invarious other 1clds Inthis secuon we will drecuse afew of the broad apphcatron
~ areas of LP.. ' ' S -
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1 Producﬁon rnanagement. Linear Progranirning' canbe ap"plied'for detenﬂining’ the optimal
product-niiix to make best use of machine and manhours avarlable Ttis also used for product
. smoothmg and assembly lme balancmg ' :

2. Marketing management- L1near Programmmg helps in analysmg ‘the audrence coverage '
_of ar‘advertising campaign. based on the available advertising media and budge:. It also helps '
travelling salesman in finding the shortest route for his tour. It is alsc used to determine the
* ~optimal dlstrlbutlon schedule for transporting the product from several warehou“ses 1o varlous
' market locat,lons i} such a way that the total transportatron cost is'minimum. I

3 Petsonnel management' Lmear Programmmg enables the Personnel Mana ger'-_to analyse
- problems relatmg torecruitment, selecnon, training, development of manpower Itisalso used
. to determine the minimum number of cmployees needed 1o work in various shlfts tomeetatime - '
'- '..varylng workload C A

: 4 Fmancaal management- Lrnear Programming helps in selection of speerﬁe 1nvesunems

~ from among a wide variety of alternatives. Using LP model, decision can be matlle with regard

0. how much productron is to be supported by mternally and extcmally generated funds.

© 5 -'Agrlcultt_lre: Agrlcultural apphcatlons_ f_a_ll into tw tegorr_es, farm economrcs and farm.
. management. The former deals with agricultural eco fa nation or region, while the latter

.~ is concerned with the problems of the individ . Thesstudy of farm economics deals with
- mter-reglonal competition ‘and optimum s allocation -of crop production. Efficient™
, . production patierns can be specrfled b odel under reglonal land resources and national -

pli in agricultural plannrn_g,e_g_ allocar_ronof__hmmed .

1 demands oonstrarnts An LP can b _
-supply and working eapital, etc., in such a way asto

resources such as acreage, labo
. maximise net revenue '

6 'Military Military 'apns mclude the problem of selectmg an air wcapons system

' 'agamst the enemy s0 as o keep them pmned down and atthe’ same time minimise the-amount
.. of aviation gasollne used. A varratlon of transportatlon issue is the problem of communr.t_y' .

~ defence agarnst disaster, the solution of which yields the number of defence units that should
" be used inagiven attack in order to prowde the requ1red level of protectlon attheld we_st'p,os_si_h_le] :

' Other applrcatrons of LP 1nclude thc areas of admmlstrauon, educatron, mventory control , 'ﬂeet:,
_uuirsatlon hospitals, awardrng contracts capltal budgetlng, cic. e '

. Actwtty B o -
 List 311}’ five appllcatlons of LP in the context of your job




10, 5 LIMITATIONS OF LINEAR PROGRAMMING

In spite of havrng wide field. of appllcatlons tbere are some llmltatlons assocrated wrth Lmear
Programmmg whrch are grvcn below: - - .

.. 1 The Linear Programmmg problem assumcs the linearity of objectrve function and con-..
!straints. But, generally, the objective function and the constmmts in real-life s1tuatrons

_concerning busmess and industrial problems are not lmearly related to the. vanables Such

problems cannot be solved by LP technique. - - - !

~ 2- There is no guarantee that the solution by. LP Iechmque will grve integer valued soltion.
© . Forexample, in fmclmg out how many men and machines would be required to perform a

particular job, the solution may be in fractlons, and rounding off the solution to the nearcst
o .mtcger may not yleld an opumal soluuon In such cases LP cannot be used.

3 Linear Programmmg model does not takc mto oonmderatron the effeci of time-and uncer-
. tainty. - -

4 Parameters appearing in the model are assumed to be eonstant Bul in real hfe srluatron, th.ey
are t'requently neithier known nor are lhey oonstams ' _ -

5 Linear Programmmg deals with only a single objecn ' reas in real-life S'ituotions we _

~ may come across more than one objecuve When above lions_ (limitations) arise, other

techmques such as mteger programmmg can by @ ed. o '

Activity C : : T _ T
Drfferentlatc between requrrements and imita ns'of l__.P x'_nodel.
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10, 6 FORMULATION OF LINEAR PROGRAMMING
B PROBLEMS |

Here the formulalron means wrmng or expressmg 2 problem in a oonvement mathematlcal
form. Let us consrder the followmg examples: - o

' 'Exam ple 1 - _ _

" A furniture frrm manufactures tables and chairs. Data g:ven below shows the resouroes
consumed and unit prof itin marmfactunng a table and a chair. Here itis assumed that wood and
labour are the only two resources which areconsumed in manufacturlng furniture, The managcr :
of the firm wishes. to determine how. many tables and chairs should be made to- maxlmrse the -
total profrt Let us formulate the problem as a linear programming problem.

-7




 Resowes - Table  Chair. Nl
. Wood(sq. fr)y . 30 I 20 300 - )
. Labour (hours) - . - -5 ERRE (RN ¥ (1 I
-_Umtprofrl(Rs) . _'_6 I -

L o achreve the greatest poss1ble profrt (say Z) 1t can be stated dlgebralcally by
"_'equatlon as: S

' 'In this. form the profrt expressron provrdes the objectr functron
'Constramts Constramts are’ lumtatlons or resmctr pl

: | 1) Wood used for tables + wood uscd for ch"

i the srgn <.is read "less than or equal to"
R Labour hours for table + hours

' Furtherw.e canno_thave neg v

. These are called non—negatwrty resmctlons

Uni_‘_requircment_s- ' Amount'

| _Fomulatmn* We wrll begm by treatmg the number ot tables and chairs to be m'lnufactured as

, unknown quantities or decision varlables LetX andX be lhe number of tables and Chall'S 0.

_ be mdnufactured respectlvely j._ R _' - ) " S B
Lblcs at Rs

OhJecltrve functxon. Smoe total profrt consists of the profrt denvod from sellmg .
6 each plus the proflt derived. from selling chairs at Rs. 8 each. Thus, 6 X 'is the J:oflt earned R

s by selling tables and 8X is the correspondmg profit by sellmg chairs. As the manager wants o
riting pr0f1I ] o

- Max1mrseZ 6X+8X

don avaﬂablllty of resources:'

Available Wood (sq fL)
g+ 20X < 300 '

chalf < Avralable Lrbour (hours)
ie., SX, + 10x2< 110

e, X 2 OandX >0

3

' We can now state the problem also referred to'as a Llnear Programmmg problem in full

- R _ deZ 6X +8X S
Csubjectto . - 30X +20X, <300
Cand, v o SX +10X, < 110_’
T XX>0 |

ActwrtyD | L :

: Gwen the data below for products A ancl B:-'_ B

' Pr_oduet B '_Re__so_urce'

R S T available
- Resource- . .. - A -~ B .. . "

R, . . . . 40 50 . 2000
*Contribution e

Unit - Rs 3 CRs.2

-_ Fornulate the gwen problem as a lmear progr am rmng prOblem R

- : | % 5_"118__

ro etron 1. e erther WE manutacture or do notn{lanufé'eture. .
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: Examplez ) _ S :
"~ The vitamins A and Buare found in two dlf[crcnt foods F and F One unit of food F, oontams '_
" two units of vitamins A and five units of vnammB One unltofF contains four units of vitamin

A and two units of vitamin B. One urut of food F, and F, costRs,-3and Rs. 2.50, respectlvely
‘The minimum dally rcqulrcment for a person of vitamin, A and B is 40 and 50 units,
. rcspectwcly Find the optimal mix of food F, and F, atthe migimum cost which meets the dally _
_mmlmum requirement of vitamin A and B. Assume that anythmg inexcess of daily minimum
- requirement of vitamin A and B is not harmful Lct us, formulate the given problem.as a lmear
© programming problcm o

' Formulalmn The data of the gwen pmblem can oonvemently be summanscd in the followmg __
labular form : S -

B .5 2 %
Cost.(Rs.)fUnit _' T 2.5 Q“ e

Lk:tX and X, be.the number of L@méd of fodd'F ' and'-F i .rcsp'cctively to meet'the daﬂy

' reqmremcnt of" vitamin A-and B ' : - .
~-/Since the daily mlmmum requlremenm{vnamms A and B 1s 40 and 50 umts respecuvely, the_' '
.. constrainis are glvcn by

_ 'ZX- ¥ 4X > 40'
' SX + ZX =350 : : .
Ascostper umtof foodF andF arcRs 3andRs 2. 50 rcspectwcly,then the objecuve funcuon- '
.w1llbecome ' S : o - Co
S Min Z=3X, + 2. SX |
“Also either wé need some units of food F; andF or atworstwe may not nccd any unit of thae P
foud Therefore, the non- negatlvuy restriction is gwen as o :

. & >OandX >0

Thc glven problcm then ¢ can be expressed in LP modcl ast
' ' ‘Min Z 3X +2. 5K,

~subjectto. - o 2N+ 4K > 40
L | 5X+2X>50“
Camd, 0 K X20

. . _.__11_9:_...




Activity E _ : .
‘Suppose you are trymg 1o select the cheapest combmauon of two foodsX and Y 10 mect daily

o vrtamm needs ‘The vitamin needs call for atleast40 units of vrtamm A, 50 units of vitamin B,

' and 49 unitsof vitaminC. Eachgram of food X provides 4 4 units of v1tam1nA 10 umtsofvrtamm'

B and 7 units of vitamin C. Each gram of food Yprowdes 10 units of vitamin A,5 units of
: -\vrtamm B, and 7 unrts of vitamin C. Food X cor,ts Rs. 5 per gram, and food-Y costs Rs: 8. per
- gram. The objective is to find the least expcnswe waly to satisfy }nur vrtamm necds Formulate
. thrs problem asa lmear programmmg problcm SR

._._'.;.Example 3 _ . e . _
. A company ls makmg two products A and B. The cost of producing one unit of product A and

" Bis Rs. 60 and Ks. 80, respectwel)r As per the agrt,ement, the company has to'suj ply atleast

o respcctwely, then. Lr model s g

200 units of product B 10 its regulat customers. One unit of product A requlres ohe machine
-hour whereas product B has machme hours avarlable abyndantly within the company. Total.
" machine hours available for product Aare 400 bours. @t of éach product A and B requires -
“one labour hour cach and totalfof 500 labour hm aVailable. :

Thecompany wanis 1o minithise the cost of pr on by sausfymg the given requlrements
Let us formu!atc this problem asa lmea mmmg prbblem h : S

. Formulntion. Let X, andX be Qusb r of umts of product A and B to b( producjed;
iveR by: o | e o

 + 80X,

- subjectto a X, 2200 (Agreemenl constramt)
) : : I X <400 (machmv hours constramt for product A)

g : L X +X <300 (]_a'bour hours oonstramt)

_'-_I:'a'nd : _ o _X X>0 S

10.7 MATHEMATICAL FORMULATION OF LINEAR ‘ B
| PROGRAMMING PROBLEM - |

L Instead of two decrsron varrablee and few constraints, 1f we: have I decrslon varr bles and m
~constraints in the’ problem, then we would have the fol lowmg typeof mathemaucal formulatron
___ofLPproblem ST e e o ‘ -

Optlmrse (maxrmlse or mmrmrse)
ZECXAC K 4CX,

‘stibject to-




'wﬂVm;;“*if

| 011X1 | '-'l' “an Xz '-'|.'- i _. - din X,. -
021X1 _ + azz Xz _ +- + au Xn _ bi :
‘fml X + am2 X5 + + :ﬂm'? Xn = bin

and . ..Xl Xz Xn-‘;—'o'.

~ The above formulanon may be put inthe followmg compact form by usmg the (E) summation

notat:on

i

~ where, - S Q "_-

Optimise (max or min. ) Z= 2 G X; (ob]cctwc funcnon)
Fo

subject to . ' S 2 au )i’J <bii= 1, 2 OOnslr_aiolS) _
and . X 2-0;}% 1,2 ....-,_-ricgati\;ity restrictions)

X, = decision variables, i.c., ' »y of the jths va'riablc of interest to.thc dccision‘—roakcr '

C = constant reprcsentmg per unit contribution to theobjectzve function (proflt or oost)
of the jth decision variable.

a, = constant, rcprcsentmg cxchange cocf.flc;cnts of the jth dcmsnon variable in the :th
constraint.

b = constant, rcpresentmg ith constraint rcquucmcnt or avallablllty

_and the expression(<)meansthateach constramt may take only oneof the three possmlc forms

>

)  lessthanorequal to (<)

i) equalto (=)

iif) greaterthanorequalio(»)

The expression XJ > 0 simply means t_hot the X_'j; must be non-negative.




The basm dlfference betweena maximisa tionand minirisation pmblcm inlinear Jrogrammmg
is found in the signs of lhc mcqualmeq of constraints. The constraints are generally expressed
'by less than or cqual o' (<) sign in ihe maximisation problem, whereas those of the
minjmisation problem are exprcssed by grealer than or cqual o' (2) sign '

ln pdrtlcular any minimisation problcm can be converted into an equlvalcnt naximisation
problem by changing the mgn of in the objective function. For example, the linear
obje(,tive function : '

Minimise : 7= ZCX : N _ ‘
. . J._| K . ’ .

L3

s equivalent to Maximise 7+ ;—_-E (- C) X, whereas, 7 = _7

i=1

'. Thus, for cxample max1mlsmg the objective function
7 = 3X + 5X;

is equwa!cnt to minimising its nugatwc coumerpart ic - : ‘ -

o - ?*:J—-:@)@
Equality Sign S -

So far, ws, have discussed only those constain are cither expressed by ( <) sign or by
(2 )sign. If there exists a situation, whe some Diuthie LOI’ISU"HHIS are expressed by equatlons
‘cach of the equations may bc rcp]accd b 'ncqualltlcs For example,

_ a‘m\-x2 = b,

is equivaleat (o the twoe simultancOWg constraints : ' ‘ .
A X+, X Ebi.

and : _ ) d, X + d]2x22b'1 . . ‘

. P - -3 - !
. Or . a, X, -8,X, < _bl ._

. Unrtstrlcted Varmbles

Iti certain problems, there may exist %nu‘llmns when some decision variables axc unrestrh,led
in sign (positive, negative o zcro) In all such cases, the decision variables cal.? always be
expressed as the difference between two non- 11(:£,dt1ve variables. For cxample, if X 15
unresiricicd in sign, ‘then we define two non- negative: ‘udl"ldblﬁSX and. X~ :,uch that
| X=X"% ]
X, X;20 ‘

I

10.8 SCLUTION TO L¥ PROBLEM
', Several methods or aloorilhm% have been devetoped to get the optimal solution to LJ.P‘prOblem

in this section, we shall be discussing only graphical method. Simplex method, 2 mere gencral
mc,lhod for selving LP probiems, will be dlSLUQShd in the iollowmg unit.
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' _Gmphlcal Method : el _
Graphical method is usecl for solvmg those LP problems whtehgmvolve only two varlables
Consmter example L [or lllustratmg the graphreal method = ST

‘On 0111' graph let the horlzontal axis’ represent the number 0t lables manufaetured and’ the -
vertlcal axis, the number of chalrs manu[aetured We wrll plot a lme for each of the two .
'-constrarnts and the two non negatrvrty restrreuons We shall begin by plottmg the linés - -

__eorrespondrng to the non-negativity restncuens ThlS plottmg suggests that the graphrcal L
method alwaYs starts with the first quadrant of the graph ' : o

: Now in order to plot the eonstramts on the graph temporarrly we will eonsrder mequalrtres as
; equaltons, i. €. v ' :
- 3ax +2(}X—30(J
SX o+ 10X = 110 ’

o When plottecl on the graph these will represent stralght lines. All pomts on these stralght ltnes o
. represent combmatrons of tables and chairs quantttres that consume the €xact amount of '

resource that is available. In other words, pmnts on these linés are satrsfymg the equaltty and -
- any pomt below the line will melude the mequaltty part of the eenstramt C

: A straight. linc. is completely speelflcd by knewmg any Lyo pomts that fall on. that lme e

_ Theretore toplotany constraint, we need onlytospeerfy "ep §gts on that lmeﬁnd then draw
- the line- by oonneetmg these wo pomts To 111ustrate let. 0 in: the Iavariabrlrty_ __weocl

. constraint, then we. get L h

or

n for Maximisation Problem ;

i . _ S '-\F.igure:!t Graphigal Soltjon ! Aaximiis

30X, + 20X, =300

CHAIRS
AN
Y

Solution -

I=.=
NN 7z
W :

— SN H10G=110

LALTHANMING
)

\\\\\ R
NN
WA £
NN \\\\
N
\

N
\
\
N

CongeO® . TABLES
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Thls represents the vertxcal mterceptor on X axls and is wrmen as (0, 15) i, e., 0 table's an_d 15
o -charrs Slrmlarly, horrzonlal mterceptor onX axis is. obtarned by puttmgX 0 we get,
: : o 30X + 20(0) 300 '

e

or

o X,=10 ;;_'_-3. PRI I" o
It rsalso written as (10 0) and represents 10 tables and 0 chairs. Join thesé two 1I:Ierceptors to .

- draw the constraint line. Thus, the points on or below the line represent the regro satisfiedby
this. constramt ~Any point which does not lie on.or below the line grves mfcasrble solunon

: -'Srm1larl y, the. avallabrlny (labour) constramt can also be plotted on the graph as shown in the
. Figure. ' . . o |
Any combmalron of values ofX anch whlch satisfies the glven constramts is called a "feaslble
solutron" The area OABCin lhe figure satrsfred by the constraints is shown by sh tded ared'and
- isalso called feasrble solution region or-space. The coordinates of the pomts on the corners of
. lhe region OABC can be obtamed by salving equatrons 1mersectmg on these points. -

The shaded region may containan infinite numberof pomts which would satrsfy the constraints.
of the given LP problem. However, itcan be proved that the optimal solition of any LP'problem
corresponds to ane -of the corner points (also called extreme points) of the feasible solutiort
' regron Thus we confine’ only to those points which correspond to corners of feaslble s_oluuorr _ "
~ region to get an optrmal value of the objective funcuon grven LP problem '

" In the ] present example value ofobjeeuve funcnon _' rner points can be r,valualedias -

. follows: R T T S
 Coordinates < Objectrve funchigy _I:..: . R " -

_ of corner pomt . Value

0 (00 0

A (10,0) | 60

11_3 (49 - o 9%
(011 6(0)+8(11) " 88 -

The maximum profn of Rs. 96 15 obtained at the corner poinl B(4 9), ie. X 4 dndX 9 whlch
also satisfy the given oonstrarms Hence to maximise pro frt the company must produce 4 tables
and 9 chairs. - : : . : : : "
o The steps of: graphrcal method can be summarlsed as follows

' _.I-‘ormulate the linear programming problem

Plot the constramt lmes consrdermg them as equanons

Idcnuly the feasible solution Tegion.’ T

Locate the corner points of the feasible reglon

‘Calculate the value of the Ob_]eCIIVC funcuon on the corner pomts

__Choose the pomt where the ob chIlVC fum,tron has optrmal value

[ T ——

et bW 'r\.':_' -

Actmty F

Use graphical method to obtam 1he solutlo.‘ for lhe cxeruse (grven earllcr in thrs umt) on
forrnulat1on for the maxim isation case. - :

_..-.................................-........._-..'........_......'...‘..._.'.'.'..-.'.




10 9 USING THE GRAPHICAL METHOD FOR
MINIMISATION |

~ Inthis sccuon we will consider an LP problcm in whlch the objecllve is to minimise costs. The
- solutionof mmlmlsatlonproblcm fol!ows the same procedure as that of maximisation problem '

* The basic difference is that we now want the smallest possible value for the obj jective function:
- Toillustrate, let us consu:ler Example 2 discussed earlier and is reproduced below '

Man 3%, +225X

swjectto . L 2XkAx, 240
B __5X+2X>50
*and X, X,20

Because there are only two vanables X, and X, we can construct a graph of the set of feasmh::
. solutions. Recall that the non- negallwiy resm(,tlons reducc this feasible region to the first
_ quadranl of the graph. To this quadrant we [irst plot lhc constraint for vnamm Aasa stralght N
: 11ne gwcn by : '
' : 2X +4X, = 40 o
We now obtain the two. pmnts necessary 0 plot this lme We firstset X = 0 Wthh yleldsX
=10and setX, =0 gedting X, = 20. We then plot | this linc as shown in thc graph. Similarly, we
can plot the oonstramt for vitamin B. Since the’ mequalltle‘; asg of the greater than or equal to-
type, the feasible region is formed by consndermg the atga.tO\he upper right side of each .
-equatmn (away from the ongm) s ' ' SR

ao Flgure II Graphu‘al Solutlon fosaﬁ.l]!'l Problem
X )
25 |.comm - - ' - ~ '
-
—

R

FOOD F;
\\
AN

Y
o\

~ Feasible” ,"" '
/

Solutl'on -

Reginn ://--/ B
e e
£ T e e
e e e

T D{(20,0)
T T T >
0 s 10 s 20 1

FOODF, -

-




The area above CBD is satisfied by the two constraints aad is shown by shaded area which is

termed as feasiblé solution region. There isa si’gnifican_t difference between the feasible region
_for this minimisation. problenri and the one for the maximisation problem. The feasible region

for - this mlnlmls*ztron preblem is unbounded and unllmlted bt,c,ause dny co nbmanon of
‘vitamins A and B will Sdllbfy the LonalrdlnL«, "‘

Since the Dptlmal Solution corres'ponds to one of the cormer }u\lrcm'c) poin.ts we Will calculate-
the valies of the objective’ Tunction for each corner point, viz., D (20 9); B(7. 7 6.25); and
C(0.25). The calculatlonb are shown belcw in the table. -

 Coordinates Objective function - Value of

‘of corner pmnt Z=3X +225X, o Z
Doy 3(20) + 2.25(0) 60
B(75,6.25) C3(7.5)+225(6.25) . 36.5625
c (0,25) - C3(0) ¥ 2.25(25) 56.25

The minimuim costis obtained at the cornLrpoimB (7.5,6.25),i.c. X =7.5andX,=6.25 Henee-
to minimise cost, and {o me(.t the daily vitamins reqmrement ane 5houlcl hd\ e 7.5 unitsof food
F and 6.25 unjis of food F, ' '

Allho_ugh the two examples so far discussed have cogtaimg constrainis of one type eitherall -
'less than or equal to' or all 'greater than or equal to', iNgpbssible to have mixc 2 constraints.

formulation for the minimisation casc

ActlwtyG S ' ' Q ' ' . .
Use graphical m{,lhod to obtain thc sol@r e exercise (given earlier in this unit) on :

Activity H : _ :
Use graphical method o solve example 3 given earlier in’ this unit.

10.10 SPECIAL CASES IN LINEAR PROGRAMMING |

Each of the LP problems discussed in this unit had a uniguc optimal solution, However, itis
po‘wblc for LP problems to have some special cases.. Some of the s€ spec ial cases include:

1 . Alternative optimal selution '

2 Unbeunded sciution

- 3 Infcasible solution

4 Redundant constraint -

Each of thu,t, special cases will now hc dC‘aCl’led br:e[ly
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A!tematwe 0pt1ma.l Solutmn
All our examples so far have resulted in umque opumal solution. This may not always be true.
Any particular LP prob_icm may have multiple solutions, all of which are optlr_nal._ _

. Unbounded Solutios

When a LP solution is permitted to be 1nf1mtcly large, it is known io bc unbounded. For_'
example, in a maximisation problem at least one of the constraints should be an equality or less
than or equal to {< ) iype. It all of the constraints are greater than or equal to (=) type, then there
will be no upper limit on the feasible region. Similarly; for minimisation, there must be an
cquallly or a greater lhan or equal to (=) type oonstramt ifa bOluthIl s 0 be: found.

_ Infeas:ble Sclution .
I there is no solution thatsatisties all the, constramts itis sald to be infeasible. Sucha condition
‘generally indicates that the LP problem has been wrongly. formulated. The only way to amvc
ata feasible saiutlon is to reformulate one or more of the constraints. '

Redundant Constraint
In a properly formuiated LP problem, caci. of the constrainls will define a portion of the
boundary of the feasibie solution region. Whenever, a copsiraint does not.define a portion of
the boundary of the feasible solution region, it is ca'l]ed a redimgdani comgiiaint. A redundant
‘constraint is unnecessary for the problcm and may be omitBg {y the prﬂb'lem' formulation.

10.11 LIMITAT IONS OF THE GM@AL METHOD

The graphicai mcrhod is widely LSL.d as angcad
visualise the LP solution process. The n is severely limited in applicatibn by the fact that
the number of variables should be gstricl®y to two dimensions. For three variables problem,
it becomes very difficult as one familiar with three dimensional space. Of course, the.
method breaks down completely foNgéur or more variabies. "

ic exercisc because it enables the student to

“ Other methods of sofitio: whick avoid the limitatiims_ of the graphicai method have been’
developed. The most widely used method is kinown as Simplex Method which is described in
the next vnit. ' o

Use of Compater

Real-life LP problems arcalmosi slways louldrp.,and complcx for graphicat ormanual qmplm
_ methods. Therefore, they are solved with the help of computers. Numerous LP packages exist .
Hors olvmg lincar programaming problems, ranging from 51mp11f1(,d procedures designed for
classroom use to.sophisticated and complex Programmes. Vthudllv all computer mdl'llS{dCtLll'
ers and software consultants offcrthese LP packages. '

10.12 SUMMARY

Linear Progs‘amm?ng is a powerful technique of Operations Research disigned 1o solve
ailocation problerns. §t hielps in choosing the best combinations of varipus aetivities to meet-
various criteria ip such a way that the solution obtained is optimal. LP may be applicable ifyou
have a probi ¢m which (a) is deb:rmlmstlc in nature, {b) inv o!vcs multiple variables which are .
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nter- related (c) has asel of criteria whlch must be met and (d) has asingle objetitlve All LP
_ problems can be. formulated in a common format. The graphical method provides. a good t
: onceptual introduction o linear programmmg problems However, its (usefulness in solvmg
‘practical problems is quite limited. For real-life problems, srmplex method (dlscjssed m next
t)'-'w1th thc help of computer packages canbeused. . . ‘ X

T
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_THE SIMPLEX METHOD

UNIT 11 LINEAR PROGRAMMING -

_ ObJectlves

After studying this unit, you should be able r.o

@ describe the general logic of the simplex method .

" @ prepare a LP problem prior to use of the simplex method
@ build a simplex table and describe its components ;
@ solve problems by the simplex method |

@ describe special snuatmm inLP problcm such as de; }_,cneracy, unbounded %olutlon and
- multiple solutlons

Structure

11.1 Introduction C
11.2 Thc Simplex Method (Max1m15dt10n Casc)
11.3 The Simplex Method (Minimisation Case)

114 The Simplex Method (Mixed Type Contraints) |~ N
11.5 .Special Cases in Applying lhc Slmplex Methocl

11.6 Summary o O
1.7 Key Words . . . .

118 Further Readings. . o ?5 .
11'.1 INTRODUCTION % o

Inthe prcv1ous unit, we uscd graph ethod for solving lincar programming (LP) probicms

. when only two variables were considered. We can solve LP problems with two or more than

_ two variables by using a systematic procedure called the Simplex Method. The simplex

" method is:the name given to the solution. algorithm for solving LP problems dwnlopcd by

- George B. Dantzig in 1947. By solullon algorithm we refer to an iterative procedure having
fixed computational rules that leads to a solution to the problem in a finite number of steps. By

- using the simplex method, one is capable ofsolvmg large LP problems efticiently. The simplex

method allows us to evaluate the corner points in such a way that each successive corner point

' gwes the satme or better solution than the previous one. This search for eXamining successive : -

_ corncr pomfs will continue until no better solutmn can be found.,

The objective of this unit is to dcscrlbc the mmplcx melhod After you have gone throuvh w1lh.'
. this unit, you will have the nccesadry undcrstdndmg o solve at least simple LP probk,ms

11 2 THE' SIMPLEX -M‘ETHOD"(MAXIMISATION CASE) |

lt waspointed out dunng the graphlcal soluuon proccdure that thesearch foran optlmal solution
can be 11m1lcd 1o onIy the corner poinis of Lhc feasible soluuon rcglon This was very easy to
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do manually for a problem Wllh two var1ab]es and less number of constramls but for larger v
problems a more efficient procedure is necessary’ for ldenufyrng and evaluatmg orner pomls
This is one of themamobjectlves of the simplex method. The 51mp]ex method i is well def:ned v
‘systematic procedure called an algoruthm The simplex al gonlhm provides a more structured \
method for moving from one’ corner point to another, always maintaining or improving the
"objectwe function, until an 0pt1ma1 solution is obtamed To explain and develop the s1mplex L
: method, et us consider Example 1"as gwcn in- lhe prcvrous unit. and its t‘ormulatlon is
T reproduced below ' - '

 Max HHX .

swbjectto . 30X, 420X,<300
o shexeno

L.

. The problem must firstbe stated in eqnalion forin so that the. simplex method:can be used Thus,
every m?.‘qgalny conslralnt inthe LP problem must first be converted into an equahty constralm
so that the problem can be written in astandard form. We do this by adding a slack variable |
to each constraint.. Each slack variable corresponds to the amount of unused capacny (or
‘resources) for the constraint to which it is added. We will use the symbol 'S" to represent slack
_vanables Slack vanables are always added: to the 'les han type of constraint F) make it an.
equallty These slack variables must be non- nega x¢; OWerwise, the capacityl utilised will -
exceed the total avallable capacity. The constrajpigfor he/Eiven problem can now be rewritter,
with slack varlables to’ form the equalmes as @. elow o ' o .

30X, ' +S-300
. X+S_110

~ Since slack variables represent un ed reSQurces their contnbullon if lhe objecnve fnnctlon
_.15 ZEro. includmg these sla agiables in the objeclwe funcuon ‘we get

_- o --

Hax Z= 6X+8X +U.S‘ +OS

The log1c of the s1mplex method is based on the fact that only the cornér points rif the fea31ble '

_ solutlon region can give unique ophmal solutlon “The séarchstarts with asolutjon atthe ongm
'1nd1cat1ng nothing canbe’ produced and therefore the values of decision variablesyare zero, i.c.,

X, = 0and X, = 0. When we are not prodncmg anythmg, obviously we are lefthnh unused :
capacity of S =300 and S =.110. We niote that the current salution has two vatiables (slack -
var1ables S and 53, with non-zero solution values and two variables (decmon variables X, and
X,) with' zero values. Var1ables with non-zcro solutlon values are called- basw vanables
" Variables with zero values are called non-basic vanables We can observe that- there w1ll
always be the same. number of basic. variables as ‘there are the number of ConstraIF;s pr0v1ded

. the-constraints are not redundant and that a basic feasible solution exists. Solutions with basic
- vanables are called basic solunons The basic solunons €an further be divided into two
o -.calegorles feasible and infeasible. The-basic feasible solutions aze those that atisfy all the'

~ constraints. The simplex procedure seaiches for basic feasible solutrons only S}n the -corner |
' 'pomts of the feasible solution reglon lntroducmg the slack vanables our problern can be stated
as glven below: : : : -
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‘Max Z= 6X+8X+OS+0S R

subjectto o :’- 30X, #20X, + S, = 300,
S _5X+10X+s~110
and 0 L XS, 532 0,

* To use simplex method, it is convenient to.p_u__t_the problem in a tabular form as shown below:

Tablel

.o . . ) . ) L . 5 - . ' . :II
% ;™ CONTRIBUTIONPERUNIT | 6 8. 0 0] ... |
[ ———— LS W : .} MINIMUM - |
U EBASIC. | SOLUTION | 0 oy o oo | RATIO :
VARIABLES | VALUES | v 727 2b =2 C ~
L Cscoo | a0 30200 10 | 300/20=15
.CO_NTRlBUTIONLOSSPERUN_[TZj o} 0o 0o -0 o
- - ——— ——4 2 Z=0
' 'CONTRIBUTIONPERUNITC; V4 ST R S 0

o KEYELEMENT-,-@,YC_OLUMN

"pf E themefﬁerents of the Ob_]CCliVC funcuon :

_The first row of the table indicates the va
~ and indicates the contribution per unit
" ‘second row of the table provides thgsgolu

; heaclmgs for the table. The first column’ headmg| -

jective functron of each of: the varlables Thei:

| . lists the coéfficient of the objectiv jon of the current basic variables. The second column ! . "

' \represenls the basic variables in the cent solution. The next column heading” soluuon values'-

is the current solution. In our ¢xample, when the soiulron is at the origin, the basrc variables -~

are the slack variables.S, and S , and these are. llsted in the second column of Table 1. Referring

back to the first column, the coeffrcrents for these two basic: vanables inthe objective funictions = - '

are S, =0and S, = 0, respeclrvely If the current solution at the origin is X,=0and X =0, then -
. the soluuon values correspond'to S, = 300 and S, =110 as shown in the third column of the )
Table The next four columns- headed by X X, S and S, are the coefflcrenls of the constraint
set.. - '

~ The ZJ ow. represents the decrease in the value of the ob]ectwe funcuon that will result if one

unit of the jth variable is brought into the solution, Therefore the Z, values can-be.. ihought of

as the objective function contribution loss per unit and is determmed by summing the products-~ '

of the coeffluents of o8 column and the physical rates of substitution. (coefflclents in the

- constraint set) assocraled with correspondmg basrcvarrables Inour example oontrrbuuon loss
per unit (Z) oW values are determined as given below: -

Contnbutron loss per umt (Z) Summauon of (Coe[[101ents of o column X
SR eorrespondmg Coefficients of the constramt set)

ForX, Column: . Z =  0X30+0X5=0
Srmrlarly we can caICulate Z -values for other columns as shown in Table 1




“The last (C -Z ) row represents the net comnbutlon per unit and its value is détermined by
' subtractrng the appropriate Z value from the corresponding coefficient o value infthe obj jective
function for that column. Th1s value of (C; - Z)) is the difference between the contribution G
and the loss Z, that result from one unrt of X bemg produced. For determmmg the value of thc
last row. (C; - Z )y the calculations are shown below: ' i

! Net contribution per unit (C -Z ) = eontnbutron per unit - - contribution: loss ‘ier unit

E [In ourexample, the values of net contrrbullon per unrt (C Z ) forX column is determined as

grven below:

Net contrrbuuon per unit (C Z ) 6-0= 6 and srmrlarly we can calculate the otrher values of o
'- (C -Z) for other columns as shown in Table 1. :

" The posrtwevalues inthe (C -Z )row mdrcate 1mprovementpossrb1hty inthe exrslmgsolutron '
The objective is to. maximise profn, therefore, consider that column, thre per- unit
contribution is lhe largest. In our case, we notice that in X, column, contribution per unit (i.c.,
Rs. 8) is maximum. This criterion helps us to know the varrable to be entered into the solutron

~ basis. ThusX is the entering variable. The column corrspondmg to'entering varra‘ble is termed
as 'key column ‘Since we have decided to enter one variable as the basic variable into ‘the
solution basis, therefore ‘we must replace one of the existing basic variable to deﬁarl from the’
solution basis. ‘The variable to depart is identified by fo mg the ratios of solution values.to

. physrcal rates of substitution of enterlng variable. T our example, we ha‘fe

. For §; ratio =15 _ ‘

oo : “For $,; ratio 3 0=11 = o
The one wrth the minimum ratio (S,) rep%ﬂ; the variable to deparl from the solution. basrs _
- Thus S, is the departing varrable ure of selecting the departing varrable guarantees S
. that no, basic variable will ever b e. The row corresponding to-the depa ting variable -

is called"key row'. The ele nth ntersecuon of key row and key column isc lled the 'key _
element’ and-is denoted by 1 abox (O) inthe srmplex table.
‘At this point, we are ready to develop a new improved solution by revising TableI Now you

will need two tables to carry oul the Calculations: the old lable and a new table ‘

‘ '.To revise the key row, divide all values in the. key row (S) by the value of lhe key element (1 €. |

-~ 10) and replace deparllng variable (S,) by the enlermg variable (X ). - ‘
~ Also replace the new values i in¢; column acoordmgly Putall other values 80 obtamed at the
_ approprlale placeb In our example this new row becomes: o
S | - 8X,115/10101/10 o
For other non- -key rows, new values can be obtained as glven below -' | ‘
New row value = old row value - (corresponding to old '

-vahie in the key column X correspondmg new " ‘
value in the revised key row).

‘Inour example, the values of other row (S,) can be obtained as follows o ‘

For solution value column - 2300-20X 11'=80 . A ‘ =
“For X, column: ;wamymzm R
'Foer column: = 20-20 X 1=0

For S, column: = 1-20X0=1 ‘

- for §, column:

0-20X1/10=-2 T ‘
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Therefore the values for t.he new row becomes
R 05,80200 1 2 _ :
The values Of ¢, and (C -Z ) rows are calculalcd in the s same way as dlscussed earhcr

": The value Of the obj jecllvc funcllon Is calculated by substituting the valucs of the varlablcs in
~ the objecuve function: For cxamplc, in this improved solution
- | Z=0XB80+8X11=88

" The new rcvlscd lmprovcd qoluﬂon is shown i m Table 1L

" Table Il

- ¢ CONTRIBUTIONPERUNIT 6 8. 0 0 L
] _ LS. VI - MINIMUM

BASIC | SOLUTION| , . . . o o - RATIO
VARIABLES VALUES - oo

oo s T e 0 =2 | o=

KEY ROW .

1 D Q10| 11=510=22
.""".ﬁ\::? — /.
S B | (i _

2 YL 0 8106 |
T_KEYCOLUMN

Procéeding in the same manner otic 'that__vafiable-Xl_ will enter infq _thb solution and_
. variable S, will dcpart The key el t is'20. The next improved solution is given below in
“Table 111 - R S :

* CONTRIBUTION LOSS PER UNIT Zf

NET:
~ CONTRIBUTION PER UNIT G- zf

KEYELEMENT

Table Il -
G~ CONTRIBUTIONPERUNIT | 6 8 0 0
BASIC . | SOLUTION X, s s.
VARIABLES - VALUES" - o .
o | ox R S 170 -0
8 . Xs 9 0 —140 320
CONTRIBUTIONLOSSPERUNI.TZ;'- e 8 1o 60
z=96} — : :
|NET . o
CONTRIBUTION PERUNITC} Zj 0 0 - —6n0




Smoe allentries mthe neteontrrbunon per umt(C -Z )row are negatwe therefore this irldica_tes
1o sign.of further improvement in the contrrbuuon therefore, we have to terrriina"te the
'_ proeedure ‘Hence Table 11 prowdes the optnnal solution i ie., o

LA '.'-".:_"..X_4X 9S OS OandZ 9 _
: These optlmum Values suggest that the further manufacturer should manufacturt four tables

- and nine chairs and the maxnmum proflt is Rs. 96. T - X
-Youare requested w0 compare the results 50 obtamed by s:mplex method w1th that of graph__ical
method What do you observe‘? : o

'. _ Actwlty A | o _
' Use, snmplex method to solve the followmg LP problem _

MaxZ 4X+SY +82Z

| sub:ject-t'o_.' o . T X+Y+Z<£100 -
oo  3X+2Y+4Z <500 '
3nd"". o I o X, Y 20 '

-11.3 THE SIMPLEX METHOD (MIMMISATION CASE) |
Until now ‘we have limited the applicathgh Of the simplex method only to maximisation
problem. Now that you have de: some familiarity and understanding of the simplex
method we will apply it'to.a miniigation p_roblerrl; o

Another way to m1n1m1se lem is to convert the problem by multlplyrng ihe ob_] ective "
. function by - 1. This ylelds egative solution values whose sxgn must-be reversed for -

. apphcauon We do not recommend thrs approach since a d1reet solut1on is. more convenient
N to usc . * . - - C E

s For convemence,we wrll use example-2 that we'solved- graphlcally m the prev1o¢us unit. We :
. prevrously formulated the problem as: o
~subjectto .- - - L 2X, 34X >40

L o o 5X,+2X,>50
and . L e XX, 20

The first step .in the simplex method i$ to convert the inequa]ity' constraint irfto equality - -
constraint. In minimisation problerns the Slde variables are aetually referred o 'tS‘Sill‘plllS :
. variables (negatwe slaek) Rather than representmg unused' eapaerty, they represent the excess _l-:
. amount by which a particular requirement is met. Convertmg mequahtles into equalities and
' denotmg surplus vanables by S, and §,, we get -

22X, +4X,-5 =40
©OSX, +2X,- 52_50_ T
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The srmplex method 1her1 selects the artificial varlables as the initial delL varlables There fore ' _

- the decision and surplus variables are non-basic vanables and .can be set equal to zero. Thus '
.. we notice that the addmon of the artificial variables has permmed usto.convert the orlgm from
- __.\1nfea51ble point to feasrble one. To correct this problem, we must add each amf icial variable

~ these variables since they are frclmous and have no physical

‘subject to 22X +4X,- S

L ST .5X1+. 2
and- . X X

' problem ThlS is shown below

" By domg S0, We qulckly find that the surplus vanables take on negatwe values Wthh vrolates_ o
‘the non-negativity restrictions.. To: overcome .this. problem we - need to add an additiohal
- variable to each constraint thathasa positive value with a surplus variable. These new vanables

are called artificial variables because they are used to convert the orrgm art1f1crally from ..

_infeasible to. feasible. Tt may be emphasised that the use of an art1f1c1al variable is not limited -
~ tominimisation problems Anartificial vanable may be used in maximisation problems aswell.

In-general, as lonig as at least one greater-than or equal-t constraint is involved, regardless of.

- minimisation or maximisation problem artificial variable is used. Inour example ml:roclucmg
o artificial var1ables, the constraints become: - -

1

Z’X +4X S +A -40
5X, +2X §,+A, —50

to the objective funcuon To ensure that the artificial variables are not basic variables in the
opt1mal solution, we assign them very highcosts. One convement way of doing this is to assign

each artificial variable a cost of M, where M. defined to be a very large number. [t should be,

emphamsed that the artificial varjables are used only as a ma einatical convenience 1o obtain’
an initial basic feasrble solution. This is the reason why thg artificial has been given to
ing for the original problem. -

Introducing artificial variables in the ObjCCtlve fung a _ e get
' ' - MinZ=3X+225X, +OS S{+ MA + MA,

: The modlfled problem is now- to

We can now set up the mmal s1mplex table exactly the same way as we drd tor max1mlsat10r -

" TableIV -

(1} T _ 3 23 0. 0 M M vinimum
' - BASIC SOLUTION o o - o RATIO
[VARIABLES| VALUES |: G & Se S A A

M| A w0 |2 4 -1 0 10| an=2
M| oA | 50'_'.- 20— 0 ] ss=10
S e e | KEYROW
.\- - y -‘ I . I
zik ™M 6M  -M -M M M S
S I — — Z=90M .
Gi-zj|| 3-7M225-6M M- M -0 0 |

KEY ELEMENT__| 1 KEY COLUMN




- Tabie'V

AP . 3 2B 0 MINIMUM_
-1 BASIC - {SOLUTION| ° v e ‘| RATIO
'VARIABLES| vaLugs | ¥ X S SA A e
" R T | 20x5n6=
M Ay 20 0 oS 5 1 =205 6.257 -
’ ’ . N . T KEYROW.-
3y x 1 | Lo 0 —ts 0 - U5 |1oxse=2s
e 16M/S. —-M 2MI5 M .=aMmi |
12 +ess -3/5 - +75] o
| - . Z=30+20M
ciezi | o CloMis M '—-zms_ R
Tl 42120 0 435 -35
KEY ELEMENT.J . 1_KEYCOLUMN

Since we are trymg to minimise oosts the entermg vanable w1ll be selected for that vanable
for Wthl‘l the value of (C‘ Z)is the Jargest negative. In our case, vatiable X, has the 1argestt-
negative value. We thercforc sclcctX as the entering variable. The selection of the departing
variable is made exacily the same way as in the case of |

Ais chqscri. as_'thle departing variable. Therefore,
intersection of key row and key column, ie.,

1mlqanon Thus al'tlflClEll variable
ment which corrcsponds 10 the

es the key element. Having selected the

)

_ key element, we can proceed in the same way a d for the maximisation case.[The ::é\-_{_i'sed :
_lmprDvecl solution i is shown in Table V. Y S ' ' '
: Proccedmg inthe sdme m-anner, Q;Ta e VIas shown bclow
S " Table VI
- ?‘" o o3 22 00 oMM
: BASIC soLuTioN | o o e a
| variaBLES | ~vaLues | % % S % R
228 | x 6.25 01 -sn6 18 s6 18
3| X 7.50 10 18 -4 18 14
R Zj 3 2.25 —21/64 ~15/32 21/64 1%132
Z = 36.5625 | _ S _ _
Cj-2Zj 0. 0 2ues 152 MM
T ' S 2164 =15/32
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. Exammmg the (C Z A row for Table VI we f 1nd that there dre no neganve values Thus the
solution is optimal. Henoe lo ‘meet the da11y vnamms requlremenl one should havc 7. 5 umts '
of food. F and 6. 25 umts 0[ food F and Lhc mlmmum cost is Rs. 36 5625

' Actlwty B
Usc sunplex method 0 solve the followm g LP problem

Mln 2. SOX + 100X

Csubjectto. 80X+ 60X, > 1500
' 20X, + 90X, > 1200
and X1,>Xz’ >0

- The application of snmplex method was desenb ‘ a'_ ier when the eonstramtb were elther >

type of < type. A situation may arise w ¢ COl stramts are of mixed type. Let us consider
~ example 3 described earlier in the previou? mit, To mdkc the discussion more meanin gful, let
~ us change the last constraint of les T equal to (<) type intoa equalny (=)wpein example :

. 3.Its modificd formulauon of LP pr8 €m can now be rewrmen as gwen below:

" Mln Z GOX +80X

- subject o L _ o 'X > 200
o o __){15400_
: E R X, + X, =500
. and X X, 20,

The problem can be converted mto the ';tandard form by addmg slack, surplus anc[ drtlfiCldl
ivanables in the sct of constraints and assigning appropnale costs to these varlables in the
- objectlve funcuon Thus; the problem can be stated as, follow:,

MmZ ’60X +80X +OS +0S +MA +MA

| Subjectto X S+A_.2(]0

“-'-'x+s 400 ©

- Y & A 500 | ,.
cand XX, S8, A4, 0.

The initial simplex-table for this problem is shiown bclqw.-ln' Table VIL
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Tahle VII

o= | "0 s o 0. M M|legymum
Tearoriont — '} rATIO
b BASIC |SOLUTION] L o s 5, a4, 4 _
VARIABLES| VALUES | SRR N N
) o : a5 ~ ] 1 @ 2007147,
M A, 200 0 ! 0 kv Row
0 s, - w0 )} 1} 0 o 1 0 0 |‘.
. ‘ s o _ = 500
. - o e 0 0 1 50041
M A; 500 . 1 ._ S
i mooom|l
Zj M| 2M N M | 0 . ‘4' y 00N
G- zj o-mpgo-2m M0 0. O
KEY ELEMENT  _ KEY COLUMN
Tab@ | |
5 6{ ?0 0 0 Mo M MINIMUM
o BASIC [ SOLUTION XVX s s a4 Al RATIQ.
- |vaRr1ABLES VALUESV A2 ‘ 0
wl X | 01 =t 0 - ol
0 5, %400 _ 1 g 0 .0 :)I 40071 =400

M Ay 300 oL 0 =1 1| 300;_.1:3{.){:}‘—]
. KEY RQW
. |
" Zj B0 M-80. O -—M+80 M o
B = 16000
Ci—-2Zi||60-M O ISO—MUO 2M—80 0‘ - t300M

KEY ELEMENT T KEY COLUMN |

Since our probiem is of minimisation, therefore, instead of selecting the ME’L{LSI positive value
in (C -Z ) row, we shall considér the largest negative value. Since both X, andXE have negative -
values in (C -Z;) oW, therefore we select the largcsLncgatwevaluoccrrrespondi?g 10X, column
as key w!umn The key row is obtained by Cheosing the minimumratio.which’ u}rrespond% o
A, The intersectior of these two clements givesusthe key elemennt, i c. 1. (,ommumg as before,
we get the improved solution as;shownin Table VAL '

| s
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115 SPECIAL CASES IN APPLYING THE SIMPLEX METHOD _

There ﬂre"sevérai special S'ituati'ons which you may come across while applying ths simplex

method manualiy Letus consider some of (hesc cases that mdy arise in applymg the simplex
method. . '

Tie for the Key Column

Insimplex method,; we proceed from one basic teasible solution to dnoiher 1m=)rovcd solution

until an optimuin solution (it any) is arrived at. To go from one basic fcasible solution 1o the
nextwe selecta key: column. The key coiumn can be selected by considering the mos t positive

(or ncgalrvc) value in{C;- Z) row in the case of maximisation (ot minimisaticn) problem. But’

a silua{ion may arisc wheri at any intcraction, (wao Or more columm have exactly the samc

o T

* posiiive (or nagative) value in (o Z\ row. In that sitwation;sclection for key column can be

made arbitrarily..

Tre for the Key Row ( Degenieracy)

The situsations presented thus far had the property where the number of variables if the sofution

wits the same as the rumber of consiraints. if the number of positive variables in the solution
degenerate, 1n the simplex
asi§ for choosing the departing
ay be made arbitrarily.

is less than the number of LOHbU’alﬂLS the solution is said o
methiod, degeneracy occurs when there is a tic for the minimu

‘variable. Again the (,hmoc for selecting the depa fting Obl

Activity I
By using %1mplex method show that the followi

problem is degenerate.

_ _ Max 7, + 3, + 4X,
subject 10 - phe WREE 2‘( <50
@({ $3X, v X, 525
R + ZX A X 2260,
and - - X, Xy X320,

Multiple Optima! Sﬂiutlon

This situation occus when the slopa, of any mml:amt and the objective lum,uon line is same.
In sucha case, {heére will be an intinite number of soluiions and such solutions are called

mu‘tmlc npilma] solutions. This situation can be recognised in the simplex inethod-when one

of the basic variables in the (C; - Z)) row will have a value of zero, Hence a non-basic variable
may be brought into the solution basis, thereby creating a new solution with {ht, same value of
the objective function. : '

At.twnty g : o
By using b;mpleh method. show that the folio_wing LP probiem has an allernal_ivt: _q:ptim_al
solution. ' ' ' T
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Max Z 4X+14’(

" subjectto R 4 3 7X>21:
- o 7X+2X>21
‘rllld s Xi’ sz 2 0
........................................................ } .
| - e N .--------'..;..----...-..n.......----..-p.-i-! ...........
. Unbounded Solution - -
" In graphical method for unbounded solutlon the feasible solution reg1on extends mdefmnely
Inthe simplex méthod this sntuatlon 0ceyrs when there is no deparung varrable Le., the
) mrmmum ratio values are either infinite or. neganve -
; No F easlble Solution
One of the abnormal situations occurs when the LP problem has-an mfeas;ble Solution. The
simplex method provides a clear indication that no feaSiple solution is possible./ This is given
- by the fact:that at least one of the artificial variables, which should be driven 1o zero by3u1e
simplex method, will be. present as a posmv ic variable in the final solution. When an
infeasible solution is mdlcaled «care should ¢ @ n_torecons‘ider-the fomulation-of the LP
~ problem. S ' ' P o o
_ 'By usmg snmplex metnoq show vollowing LP problem has infeasible solution. -~ -
: o o 3 in. -Z=3X1'+_2ij- R _ | _ .
. subjectto - QS S 2K+ Xz;_;z S P I
O 3X; +4X, 212
and -_ X,X,>0
11 6 SUMMARY

g The mmplex method is a general method for solvmg any LP problcm To apply it, all
- relationships mustbe put instandard form. The. smplex method starts searchmg from one basic |
feasible solution to another till an optimal solution is achieved. Applications of the snnplex -
method to both’ max1mlsauon and mmlmxsatlon problems havmg' less than' 'equal to' and

| greaterthan oonstramtshavebeendlscussed Wehavcalso rev1ewed thespec:al lluanons that

. ._1__'40




o equallty constraint by subtracting it from the left

‘commonly arise in applymg the snmplex method Although the smplex method is efflclent,
large problems are. not- easy 10 solve manu’ally but rather requlre computers Numerous
computer- programmes have been devcloped for this’ purpose and are avarlable on most
computers ' ' - : : : '

: 11 7 KEY WORDS

| Algorlthm. A formalised syslematrc procedure for solvmg problems - L -
Artificial Vanable. A variable that has no physrcal meaning and is used 10 obtam an mmal J
basic feasible solution to a LP problem _ _ _

‘Basis : The set of basic variablés that comprrses a basu: soluuon toaLP problcm -
Basic Variables: The variables that normally take non-zero values to obtain a solutlon
_Degeneracy Asituation in the simplex method where a basic variable takes on the val ue zero '

'-\‘Redundant Constramt A constraint that does not affect the feasrble solution reglon '
Simplex Method: An algorithm for solvmg LP problems mvestlgales feasible corner pomts'_
only, always mamtammg or lmprovmg the objectlve functlon until an optimal soluuon ls'_ -
obtained. :

' ~ Slack Vanable + ‘A variable used o convert a lCSS than or edWal to conslralnt into an equa]lty' _
constramt by addmg it to the left hand side of the consl.ra ' '
than or equal to constramt into an

e
' .Q, of the constraint..

Unboundet‘l Solutmn A solution mvolvmg wnite use of some resource. -

Surplus Variable: A variable used to Lonvcrt a
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DO IT YOURSELF EXERCISES

Section A: OK and Management Decision-niaking

1

i

L7

Define Operations Research and discuss its importance in management decision-
making. _ : ' ‘
Whiat areas of Opcraiion@ Rescarch have made a significant impaci on decision-making
process? Why is it important to keep an open mind in uulmng Operations Tcscarch

techniques?

"'Operazions Research advocates a system approach and is concerned with optimisation.

Tiprovides a quantitative analysis for decision-making”. Comment,

Discuss the methodolo gy of Operations Research and describe the main stages involved -
in c-arrying out an Opctatiom-Rcscarch project. : ‘ _
"Model b].uldmtT is a centrai-clement in Operations. Research method ive a descrip-
tion of the lo}lowmg basic types of model:

(i) lcomc_, (ii) Analog, (iii} Mathematical {Sympotichwith pa_z't._i_cﬁlar reference to the
special insighis provided by each. '

Sevtien B: Linear ngmmmmg; Graphicat d

1

in any funictional arca of ma weni¥

A publishet df text boo

thl is Linear Programming? What major limitations? Describe its bptications

s 11y 3¢ process of presenting a new book {o the rparket. The k
book may be bound by loth orhard paper. Each clothbound bock sold ¢ontributes
Rs. 24, and ciich papc:-bo d book contributes Rs. 23. It takes 10 minutes to lindacloth -
cover, and 9. minutes to bind a paperback. The iotal availabic time for birding is 800

hours. After considerable market survey, it Is predicied that the cloth-covcr‘l sales will
exeeed at least 10,000 copies, but the paperback salcs will be no more than 6,00 copics.
Formulate the problem as a LP pmbiem and use graphical method o solve the problem.

POR Feed Company markcis two feed mixes for cattie. The first mix, Feriilex, rcquir»f:é _
atleast twice as much wheatas ba ey, The second mix, Multipicx, reguires atficasiiwice
a5 much barfey as wheal. Wheat costs Rs. 1.50 per kg., and only 1,000 kg, er

this moif. B'irlcy costs Rs. 1,25 per kg and 1,200 kg. are available. Ferlilex sells for
Rs. 1.86 per kg, upto 99 kg, and cach addition: Lkg. aver 99 sells for Rs. 1. m,‘Multiplsx

scHs at Rs. 1.70 per kg. up o 99 Kg. and each additional kg. over 99 sziis fdr Bs. 1.55.

svailable

‘Bharai Farms will buy any and all amounts of both mixes of POR Feed Cs;‘mpdny Set

up the linear programming probicm to dclermmc the: produu mix that FLSLKS in maxi
muni profits

Acompany mainefaciuring tclevision sets and radios has tour major dcpdrlmF‘TlLs Lhasm

“ cabinet, assembly and final 1es£m;: Monthly capacities are as follows;

v
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Deparlmcﬁt o Telewnsion.capacity - Radio capacity

Chasis - B 1,500 * or - 4,500
Cabinet 1,600 or © 8,000
. .Assenl-bl-y . ) . 2‘000 ’ ._ ) or . ) 4,000

Testing 3000 ~ or 9,000

The conmbuuon of television is Rs 15() cach and the LOHII’!bUUOI‘l of radio is'Rs. 250 each
Absumlng that the company can scll any qudnthy of either prodmt dt,tt,rmmf, the 0pllmdl :
comblndtron ofoutpul

5 ~ Atimber company cuts raw Limber-oak and pine logs into wooden boards. T-_wé sleps are
required o produce boards from logs. The firststep involves removing the bark from the
logs. Two hours are required 1o remove the bark from 1,000 feet.of oak logs and three.
hours per 1,000 fect of pine logs. After the logs have been debarked, they mustbe cutinto
boards. it takes 2.4 hours for cutting 1,000 feat of oak iogs into boards and 1.2 hours for
1,000 fcetof pine logs. The bark-removing machines can operate up to 60 hours perweek,
while the cutting rhac-hi'nes are’ limited 1048 hours per week. The company canbuy a

~maximum of 1.8;00('] feetof raw oak-logs and 12,000 feetof raw pine logs cach week. The '
“profit per 1,600 feet of processed logs 1s Rs. 1,800 ang Rs. 1,200 fof vak and pine logs,
. respectively, Solve the problem to détermine how@ect of each type of log should

T be processed each week in order fo maximise profil. . . - . .
6 Upon completing the consiruction of his hogr. Sharma discovers that 100 square

feet of plywood scrap and 80 square [e vhite pinc scrap are in usable form for the
“construction of tables and book cgags. [ifakes 16 square feet (.)J[‘-plywoiad and 16sguarc
- feet of white pine to construct _Qﬁl«s&. By selling the finished products to a local
{furniture store, Mr. Sharmggegn reaNse a profitof Rs. 250n each table and Rs. 20 on cach
‘book-casc. How can he n@filﬂbly use the left-over wood? Use Graphical Meihod
1o soive the problem. © ' '

7 A rubber company is cngagcd in producing three diffcrent kinds of Lyrés A,Band C.

These three different lyrés are produced at the company's two different plants with

-different production capacities. In a normal 8 hours work'in_g day, Plant 1 produces 50,
100 and 100 tyres of type A, Band C, respectively. Plant 2, produces 60, 60 and 200 tyres
oftype A, Band C, respectively. The monthly demand for type A, Band Cis 2,500, 3,000
and 7,000 units, respectively. The daily cost of operation of Plant 1 and Plant 2 is Rs.
2,500 and Rs. 3, 500, respectively. Use graphicé} method to determine the mininium
number ot days of operation per month at two dlffoLl’lt plants to minimise ihe lotal cost

' whﬂ{* me cnm{ the demand. ' ' '

8 Two pmducls A and B.:ir(, t0 be manufactured. A single unit of product A requires 2. 4%
minutes of panach press time and 5 minutes of assembly. time. The profit for product A B
is Rs.-0.60 per unit.’ A single unit of product B requires 3 minulcs of punch press time -
and 2.5 minutés of welding time. The profit for product B is Rs. (.70 per unit. The
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capacity of the punch press department available for these products is 1 -260 minutes/
~ week. The welding department has an idle capacny of 680 mmules/week and ac;sembly
department has 1,500 mmulcs;‘wcek :

‘a) formulate the problem as linear programming probiem :
b) Determme the. quantltles of products A and B so that totat profit is maxnml‘;ed

9 '_'Thc XYZ company durmg lhe teslwai season combmcs two factors A and 'B to form a

" gift pack which must wmgh 5kg: At least 2kg. of A and not more than 4-kg. i ofB should
- be used. The net profit contribution to the company is Rs. 5 per kg. [or A and Rs. 6 per
kg for B. Use graphical method to find the optimal faclor mix. -

10 An aaverusmg agency ‘wishes to rcach two types of audiences: customers w1th annual

_income of more than Rs. 15,000 (target audience A) and customers with anhual income"

ofless than Rs. 15,000 (largctaudlencc B). The total adverusmg budget 1sRs 2,00,000.

Oncprogrammc of TV advertising costs Rs. 50,000; one programing 0[ radio advertising

costs Rs. 20,000. For contract reasons, at least 3 programmes have’ 16 be on TV and the
number of radio programme must be limited to 5. Surveys indicate that a single TV
I,progmmme reaches 4,50,000 customets in target audience A and 50,000 i in the target

. ‘audience B. One radio programme reaches 20,000 Wtarget audience A and 80,00(_) in the
target audience B. Determine the media-mix tO€\agimise the total reach '

‘Section, C: Linear ngl'amming : Simplex _@d
‘1 Explain various steps of the mmplu%hd involved in the computation of an optimum
roble

: solution to ‘a linear program p - ;
2 Explain the meaning of 'basiC¥gasible solution' and 'degencrate solution' in a lincar

programmmg proble

3 Explain the use of "artificial vanable in a lipear progr‘immmg prub]{,m

4 A tlrm makes two types of furniture: chairs and tables. The contribution for deh praducl

+ as calculated by the accounting department is Rs. 2'[]_'_]361‘_ chairand Rs. 30 pet table. Both

‘products are prOCCSSCd on three machines M, M; and M3. The time rcquilfcd by cach
product and total time available per week on‘each machinie are as follows: |

Machine =~ "Chair  Table  ~ Available

- : . . _ houis
M, . o 33 36
- M; _ : 2 L 6 (’Oi |

How bh(‘it.l]d the mdnutacturer suhedule his productlon in order to maximise oonmbutlon?

5 The ABC mdnufd{,mrmg mmpany ¢an make two- produus P, and P.. Each of the
- praducts requires time on a cutting machine and a finishing m(lchlnt.,Rclcvamdata are:
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Prﬁ'dﬁct

. : P Py
Cutting hrs. {per unit) . 2 1
Finishing hrs. (per unit} 3 3
Profit (Rs. per unit): 6 -4
. Maximuin sales (unit per week) N 200

The number of cutting hours available per week 1@ 390 and the number of flmshmg hours

available per week i is 810. How much should be produ(,ed of each producl in order to achieve |
maximum prom for- the (,ompany?

6 A company makeb tWo kinds of lcalher belis. Bcll A is a high quahty belL, and belt Bis
of lower quality. The respective proflts are Re. 0.40 and Re. 0.30 per belt. Each bcll of.
type A fequires twice as much time as a beli of lype B, and 1t all belts 3 were of type B,
the company could make 1,000 per day. The supply of leather is sufhcncnt for only 800
belts per day (both Aand B Lombmcd) Belt A réquires a fancybuckle, and only 400 per *
day are available. There are only 700 buck}cs a day available for bclt B. '

What should be the cl'uly producuon of cac,h type-of bcll?@lale the hnear progmmming
- problem and solve it by simplex method. ' -

7. Mr. Jain, the marketing managerof ABC Type @ ompany is trying to decide on how
1o allocatc his salesmen 10 the Compan ree primary markets. Market-1 is an ur_ban
~ areaand the salesmen cansell, onan aver)%typcwriwrs a week. Salesmen in the other
two markets can scli, on an aver; 6 and 25 typewriters per week, respcclwcly For
the coming week, 3 of the salesmcWwill be on vacation, leaving only 12 men available
for duty. Also because of of company cars, maximum of 5 salesmen can be
atiocated 1 market area 1. ’ Ilmg expenses per week for salesmen in each area: are
Rs. 800 per week forarea 1, Rs. 700 per week forarca 2, and Rs. 500 per week for area
3. Thic budget for the next week is Rs. 7500. The profit margin per typewriter is Rs. 150.
a) Formulale a linear programming model to determine how many satesmen should be
-assigned to each area in orclcr to maxmusc profits.

h) Solve the above problem using the- Simplcx Method.

8 Ananimal feed company must produce 200 kg. of a mixture consisting of ingredients X’ .
and X, daily. X cost Rs. 3 per kg and X, Rs. 8 per kg. No morethan 80 kg, of X, can.
be used, and at lca%l 60kg. of X, must be used Find how much ot eagh mgredlent should '
be used if the compary wants to mipimise cost.

9 The ABC Printing Company is facing a tight fmancial squeeze and is att‘empting ta cut:
costs wherever possible. At presentithasonly one printing contractand, luckily, the book
is qcllmg well in both the hardcover dl’ld paperback editions. Ithas just received a request
to print more copies of this book in either the hardcover or paperback form. Printing cost
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for hardcover books is Rs. 600 per 100 white printing cost for paperback is only Rs. 500
per 100. Although the company is atterapting to cconomisé, it does not wish to lay off
any employees. Thereforc, it fecls obliged 1o run its two printing presses at _]c_'ast 80 and
60 hours per week, respectively.
100 paperback books in 1 hour. Press IF can produce 100 hardcover books in 1 hour or
100-papertack books in 2 hours, Determine how many books of each lypc should be
prlnted in order to ‘minimise cost. - - _ ‘

10 A me@u;&! seientist claims 1o have found a cure for the common ¢old that corisists of threée
drugs called K, S and H. His results indicate that the migimum daily adull dosage for
effective ifeatment is 10 mg. of drug K, 6 mg. of drug S, and 8 mg. of drug H. Two |

substances are readily avaitable for preparing pills or drugs. Each unit of substance A

contains 6 mg., 1 mg. and 2 mg. of drugs K, S and H respectively, and. cjch unit of -
substance BB contains. 2 mg, 3 mg_, and-2 mg., of the same drugs. Substam, A cosls Rs.
3 pLI‘ unit and substance B costs Rs. 5 per unil.

a) Find the least-cost combination of the two substances that w1ll 3tc!d a {3111 dcsngned,

1o contain the minimum dally reuommendcd adult dosage.

b) Suppose that the costs of the two substances aré mfcruhangcd so that substance A
costsRs. 5 perunitand subs_wnce Bcosts Rs.?ysrumt. Find the ncw_opti%nal solution.

R
O
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BLOCK 4 ADVANCED
DECISIONAL
TECHNIQUES

ThlS block comprislng Lhrec unns dcals w1th some advanced demsmnal tcchmques Block 3
dealing with linearprogramming is a prcrcqmsllc for thisblock. The first vinit in this block deals
with Transportanon Models which can be-converted into- LP problems. The us¢ of Transpor--
tation Models, the solution techmques and certam spemal situations are discussed. Next unit
in this block is on Asmgnmcnt Models Wthll -are spccxally structured linear pro grams.
'Asmgnment problem deals withal locatlon of certdm resources o certainactivities with the goal
of optimisation. Methods of solving asmgnment problems using Transporlatmn Model, and a
more efficient model- namely Hungandn muthod are discussed. The last unit in this block
discusses PERT and CPM. These are-two wcll known’ {echmques for project. managcment
Solution proccdureﬁ wn.h dclcrmm]stlc and probdmllstlc tlmcs for complellon of actwmes are
dlscussed







UNIT'.-1'2 _TRANSPORTATION MODELS

Objectwes

Afler study ing, this umt, you should be able 102,

L 4 reoogmse a transportation problem

‘@ convert a- transportanon problem into a LP problem

@ deve10p a trasporiation’ table and apply the transportatlon method to get the solutlon

@ describe spccral srtuatlons in tmsponatlon problem such as: multiple optlmal solutlons,
‘unbalanced trasportauon problems degeneracy, max1mlsauon in transportanon problem,I
and prohxblted routes.

Structure

B 121 Introductlon

122 Transportation Models
123 Soluuon Procedure- for Transportauon Problems

- 12.4 F1ndmg an Imtlal Feasible Solutron

125 Finding the Optlmal Solutlon

12.6 Special Cases in Transporatron Problems
12.7. Max1m1sat1on in Transporlanon Problems i '
128 Summary .
- 129" Key Words

1210 Self—assessmcnl Exercrses P
12 11 Further Readmgs — Q~

12 1 INTRODUCTION

Transporlatlon plays an 1mportant role in our eoonomy and in managenal decrs ion makmg In_
- l.hlS unit, we. will not cover the entire f1eld of transportation, rather we Will focus on gne
pamcular type of transportduon problem Thrs type of transportanon problem usually involves
the phyelcal movement of goods and serv1ces from various supply origins to multrple demand
destmatlons withifr the given constraints of supply and demand in such a way that the total
transportation cost is minimised. A trasportatlon problem’is a spec1al type of Linear Program-'
ming (LP)probiem that mayt be solved using the srmplex method. Butevensmall transportation
problems will mvolve lots of varrables and constramls so ifiyou want to use simplex. melhod

_itwill consume a lotof computatlonal timecvenifyou use comphuter. Howcver a transportdnon
problem has'a speCIal mathematical struelure Wthh perm 115 ittobe. solved by a falrly ctﬁolent _

method known as transporlatron rnethod

12 2 TRANSPORTATION MODELS

'I’ransportatron mode Is deal wuh the trasportauon of a product manufdotured at d ifferent plants
(supply origms) toa number of different warehouses (demand destmauons) The objeetwe is
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to satisfy the dernand at destinations g"ivjcn‘thc'suppl y constraints at the minimum transporation
cost. Transportation models typically arise insitustions involving physical movement of goods
from plants to warehouses, warehouses to wholesalers, wholesalers to retailers and retailers to
- customers. Solution of the transportation models requires the deterinination of how many units
should be transported from each supply origin to each demand destination in order 1o satisfy
all the destination demands while minimising the iotal associated cost of transportation. The
transporiation problem can be formulated as a standard JP problem. We will see how this is
done later. However, the characteristics of a transportation model are such that it is usually
solved by a spebialiscd procedure (algorilhm or method) rather than by'simplex ‘m"ethod,

“The easiest way o rccognmc a transportation problcm 1S to consider a typical situation as shown
“in the figurc. Assume that a manufacturer has three planis P, F,and P, producmg the same
product, From these plants, the product is transported to three warehouscs W, W,and W,. Eachj
plant has a limited supply (capacity}, and each warehouse has specific demand. Eaci plant can

+ transport to each warehouse, but the transportation costs vary for differing combinations, The
problem is to determine the quantlty each plant should transport to each warchouse in order to
minimise total transportation costs.

n

Sepply . . Phamts " Warehhgse Demend
s _ (Origins) T (dNinniiols) - '

5 - P : W : Dy
5 3 Wy - D

It was stated earlicr that a transportation problem is a spccml type of LP problcm To 111uslratc
this, letus see h0wthjspr0blem canbe formulatedas a LP problem L;etX represemlhe quantity
' transported from plant P, towarchousew Similarly, C, is the per unlttransporianon cost from
plant P, to warchouse. W The objccllve is to0. mm-rmsc total tran‘;porsauan vosls The LP
objectwc function is - -

Minimise B _
Z= Cn" X11-+ Clz X12 + Cla. Xia + CZI_ Xzi + sz X’zz
Cou Xzs"" Céi Xsi + G, st + Caa_Xss

The supply constraints are ' . ' . .

Xy, F X X, = S,
Xy Xt X, = Sz.
Ky v X, Ly, = S,
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The demand constraints are

X, +X,+ Xs_r = D,
Xu + X+ X, = D
Xy + X, _ Xy = D3 '

andX 20fori=1,2/ 3}-1 23

Additionalty; it is also assumed that the total supply available at the planis will exactly sausfy :
the demand required at the dcslmatlons ie., -

S,+8,+8,=D,+D,+D,

The 'p_roblem where total supply is equal t0 tofal demand is called the balanced transportatidn
problem. If the total supply is notequal to tOtdldun"'lnd then such iypes of problems are referred
to as unbalanced trdnsponauon problems and will be discussed laler in this unit.

A tota] of six constraints is given, one cach for demdnd and ﬁupply Ttcan be proved lhal for
the above transportation problem only five (rather than six) constraints are needed to get the
feasible solution. Since total supply is equal to total demand, any solutionsatisfying five of the

- six constraints will also salisfy the remaining constraint. Thercfore, in general, if we have m -
TOWS {Supply) and ncolumns {demand) ina given iransportation problem, then the problem can

~ besolved completely if we have exacily (m+n-1) basic va_ribl'e.s‘ ¢ hus, a basic feasible solution
to a balanced transporiation problem would be represcmed i nsportation table as having
exactly (m+n-1) positive X, . (allocations). These allgeamigns are referred 1o as occupied cells
and others as unoccupied (cmpty) cells. It the num(,cup ied cells is less than (m+n-1)

_ allocatjons then it becomes a case of degeneracywDegelleracy' in transportation problems will
be discussed in & later section of this unit. % ' ' '

~ Activity A L QQ -
- What are the characteristics of a trgagportion problem?

FTP T T T T L T R T R R R R R R BRI

Activity B .
For a lrarISportatlon probiem with seven plants and twelve warchouscs how many dEClSIOH
“variables, constraints and occupied cells (for a basic feasible solution) will there be?

..........................................................................
T T T T T T T S I R R R I L T L R B I P
T T L T T R T R R R B I I

.........................................................................

12.3 SOLUTION PROCEDURE F OR TRANSPORTATION
PROBLEMS

We now turn our attention to the solution procedure for a transpertation problcm known asthe
transportation method. Conceptually, the transportation method is similar.to the simplex
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- 12 4 FINDIN G AN INITIAL FEASIBLE*SOLUTION

.

| methdd  We begin with an initial feasible solution. This initial feasible solutioh may or may
~ not be optimal. The only way you can fi nd it out is. to-test it. If the soluuon isnot opnmal it
s rev1sed and the testis repeated Each iteration should bnng you closer to the optlmal soluuon

Letus consxder the example dlscussed earlier in this unit. The supply of each plan{t the demand '

of each warehouse, and per unit transportation costs are shown in Table 1.

) K Tahte t _ _ .
" Warehouse =~ [ - Supply .

- Pl_.,JiJ : i‘ : -';-_20- T

el 5| cm |m }) o |

specific plantand each column ds to a specific ware house Plant supplies are shown'

:'_ The format followed in Table 1 @ ¢ EZ hmughoul the unit. Each row (.or[responds oa

(also kuown as cells) at the ction of a specific row and column will contain both quantity .

“to the right of the table and %h requirements are shown below the table. The larger box

' to be transported and per unit ¥ansportation cost. The quantity to be transporied will be shown
- in the centre of the box and will be. encircled and the per uhit transportatlon cobt is shown in
© the smaller rectangular box at the left. hand side COTRET. : ’ i

There are a number of methods avallable for generatlng an 1nmdl feasrble solunon for a

: 'lransporlatron problem We will consrcler three o[ the- followmg
i) Nonh West Corner Method

iiy . Least Cost Method _ o

.111) VogelsApproxlmatlon Method - _' ' S S

_ North West Corner Method (N WCM) ‘the sm‘lplest of the proeedures ubecl l\o generate ah
iniitial feasible solution is NWCM. Ii is so called because we begin with the North Westor upper
: -left corner cell of our transportauon table. Varlous steps of this rncthod can be. summarised as . -

Lo




 Step 1: Select the North West (upper left-hand) comer cell of the lransportetion table'and

allocate as many units as poss;ble equal to the minimum between ava1lable supply and demand
requirement i.e. min (S .

Step.2: Adjust the supply and demand numbers in the respective rows and columns allocatien'_..

Step 3:

a) If the supply for the first row is exhausted, lhen move down to the first cell in the second
row. and first column and go to step 2:

b) If the demand for the first column is satisfied, then move honzontally to the next cell in the
second column and first row and go to step 2 '

Step 4: If forany cell supply equals demand then the next allocauon can be made in oell cnher
in the next row or column.

Step 5: Continve the precedure until the total available quantity is fully allocated to the cells
as required. :

Reémark 1: The quantities so allocated are circled to indicate the value of the corresponding

variable S
Remark 2: ‘Empty cells jndicate the-value of the correspon: -_ riable as zero, i.e. no unit
~is shipped to this cell. ' '

' ~ exampie, -

To illusteate the NWCM, let us consider the trv&tion Table 1 as given in the previous

As stated in this method, we start with the C8 (P, W )and allocate the min (8,D)= min(20,
21) = 20. Therefore we allocate 2 , this cell'which completely exhausts the supply of
Plant P, and lgaves a balance of (21 - 2% 1 unitof demand at warehouse W . Now, we move
vertically downward to the cell (P,, W ). At this stage, the largest allocation possible is the min
(S,, 3, - 20) = min (28, 1) = 1. This allocation of 1 unit ic the cell (P,, W) compleiely satisfies
the demand of warchouse W,. However, titis leaves 2 balance of (28-1) = 27 units of supply at
plant P, Now, we move again horizonially to the cell (P,, W,). Since the demand of warehouse
W, is 25 units while supply available at plant P, is 27 units, thercfore, the min (27, 25y = 25
uniis are allocated o the cell (on W.,). The demand of warehouse W, is now satisfied and a

. balance of (27 - 25) = 2 units of supply remain at plant P,. Moviag again horizontally, we.

altocate two units to the cell (P, W,) which completely exhaust the supply atplant ¥, and leaves
a balance of 17 units démand at warehouse W,. Now we move vertically downward to the ceti -
(P, W,). At this cell, 17 units arc available at plant P, and- 17 units are required at warehouse:
W, So we atiocate 17 units to this cell (P, W.). Hence we have made all the allocalions. [tmay -
D¢ noted here that there are 5 (3 + 3 - 1) allocation which are necessary to proceed furthes. "The
initial feasible solution i shown below in Table 2. |

Thie total transportation cost for this initial solution is:

Totalcost= 20 £ 7+ 1x 542557+ 2%x 3+ 17x 8= Rs. 462
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Table 2 )
 Warehouse Supply
Wy, Wy W R

[ I

ﬂ@ﬂO %,2,0..
'P3. :‘I -ﬂ | -.~8-J @ 17 |

=

=]
©

Activ lty C
Setupa traspartatnon table (matrlx) by using the data given below:-

-Pl}im_ B .  Supply

Demand
" : 500 400
P2 . . 800, 700
P3 - 1000 £200

: Transporftign Costs (Rs./Unit} SR
From : o T To S L
. . : 2 8 - .
W ™3
N T 3 ' : &
Py ' 2 ! L .
Py 4 | & > 12

Alsofindan mmal solunon by using NWCM What isthe total transportauon cos t forihis initial
“solution? _ _ ' ;

L I T T T T

~ Least Cost Method (LCM) _ S .
The allocation according to this method is very useful as it takes into consideration the lowest
cost and therefore, reduces the computation as weli as the amount of time necessary 10 arrive
at the optimal solution. Varrous steps of this method can be summarised as under:

Step 1;

a) Select the cell with the lowest. transportanon cost among all the: fows or wlumns of the
' transp()“tatwn table, ' :

b 'If the minimurm cost is not unique, then select arbitrarily any cell with this minimum cost.
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Step 2 Ailocate as many units as possrble to the eell determmed in Step 1 and eltmmate that-

- row, (column) in whlch elthcr supply is exhausted or demand 1s satrsfred

' Step 3: Repeat Steps: 1 and 2 for. lhe reduced table urml the entire aupply at dlfferent pIants is o
exhausted to satisfy the demand at different warehouses. Consider again. the transportation .
Table 1 for the iusiration of leasi cost method. -As stated in the algorithm, we start with the

~ -+ cell which has the minimum cost, i.¢., cell (P, W,) in which the cost is 3. We allocate min S,

D;) = min (28,19) = 19 units to {ulfil the complete requlrernent of warehouse W,. Since the
demand of warehouse W is satisfied, therefore, colimn W, will not be oons1dered any more.

In the reduced table, again locate the minimuin cost’ cell, i.e. , (P, W) Allocate min. (8,D) - f'

=min (17,21} = 17 units to this cell which exhaust the supply atplant P, Thus row P, will also -

" not to be considered any more. Procceding in the same way, the search for minimum costcell |

will continue tillalt supply and demand oondruons are satlsﬁed The initial solutton by lhlS least'
‘cost method is shown i in Table 3. : : SN
S Talle 3 -

. o Wﬂr’ehtllt.‘ic ] Snpp!ly '_
W, .. W_z B W g ’

S Plnnt.

" Demand

: _The total transportatlon cost assocr@th thi's n‘tethod is gi\'ren b'elow'
: Totalcost—20x6+4x5+5x7+ 19x3+17x4 Rs 300

_ This total eost isless than the total cost obtamed by NWCM Thercfore thrs method is generaliy’
. preferred over the NWCM o . . . _ _ _

 Actlvity D ' : :
- Use LCM for gettlng the initial solutron forzthe problem gwen in Aetrvuy C Also find the total _

- tranisportation cost for this solution. |

'--,.....'..---'..'.....--‘..._....---..._._.,-.-i_..._....-..-_-....._..._..-.._-.-f ......

T T T T T L L R R R A L

............. ......

Vogel‘s Approxrmatiun Me!,hod (VAM)

" This method is preferred over the other two methods because the mmal basic feasible solutlon '
- obtained is elther optimal or very close to the optimal solution. Thercfore the amount of time
required to arrive at the optimal soluuon is greatly reduced Vanous steps of this method are

summarxsed as under
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Step 1: Compuic a penalty for each fow and column in the transportation table. The penalty
for a glven row and column is merely the difference between the smallest cost and the nexl—
smallest cost in that particular row or.column.

Step 2: Identify the row or column with the largest pcnaliy In this identified r‘Lw or column,
- choose the cell which has the smallest cost and allomte the maximum possible quantity (o this
cell. Delete the row or column in which supply is exhausted or demand is satisfied.

Whenever the largestpenalty among rows and columns is not unique, make an arbitrary Ch()l(.»t’ _

%tep 3: Repeatsteps 1 and 2 for the reduced table until the entire supply at plul"ﬁ‘ are exhiausied -
io satisty the demand at dlfferem warehouses .

Consideragainthe transportauon Tahle 1 forthé explanationof Vogel's approximation method.
Calculate the difference between the smallest and the next smallest cost in each column and |
row. Record them as shown in Table 4. In the first round, colurin W, for which the penalty (i.c.
- 5)islargestinboth columns and rows will be considered for ailocation. This allocation is made
in that cell of coluimn W, for which the cost is minimurm, i.e., cell (P,, W,). Allocate min (5,
D) = min. (28, 19) = 19 units o this cell 5o that the demand at warchouse W, is completely
satisfied and therefore column W will not be considered for further alloa,au n. Adjusi the
supply atplant P, which now can oupply only 9 units. Inghe second round, row P, has the largest
penalty {i.c. Z) and therefore row P, is selected f&r@on to thai cell for which the cost is
= 1 10 the cell (P, W) iThis extausis

minimum, i.c., cell (P,; W ). Allocate niin (9, _
the supply at plant P, and therefore row F, 0§ be considered any more. Similarly in the

third round, colnmn W, has the largest penalt »3) and therefore column W, is selected for
allocation to that cell for which the cos \3;» Rnimuem, ie. celt (P, W )' Allocate nin (17,12)
= 12 units to this cell. This aklccp sfies the demand at waruhousu W, |ang therefore
column W will notbe bﬂﬂ‘ildtﬂQUJm Now only two cells, viz, (P, W) and (P, W are
left Ior allO»dthl Cutof th C cell (PI,W)haq!hc leastcost, therefore we allocate the
.rcmammg 20 uriis to thm%may be observed that the supply and demand constrainis are

met exactly. The initial soluiWh by this method is shown below m Table 4.

Tahle 4
Wiarehouse : Sapply
Wy W3 Wy S

Row  Penalsies

o 1] ke @ RE NN =3 D

- B RN | | .

Plang i . @ ) . 69 )K}{[l' rx
, T :

tiemund 2

| | | |
Colamn t r. ) 5
Penalyies I 1
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The total nansportauon cost assomated wnh tlus methocl is:
Tolalcost-20x6+9x5+ 19x3+ 12x4+5x5 Rs. 295

It may be pomted out that the initial solution of Vo gel's method is supposéd 10 be better than
NWCM and LCM as the total trasportation cost obtained by this method is less than the other
two mcthods It may be emphauscd at this stagf- that this may not be always true.

Activity E
Use Vogel's method for findi ing the inital solution for the problem given in Aclmty C. AL:O
find the total transportation cost by this methed.

12.5 FINBING THE CPTIMAL SOLUTION

Once an initial solution has been found, the next step is 1o fesi thatsolution for optimality, The
following two methods are widely used for tosiing the solufiga:
1 Sicpping Stone Method ' '

2 Modified Disiribution (MODI) Methed Q -
'Thc two methods differ in theirc ompu&mona ADIOL ut give exactly the samie resvits and

use the same !mtmg plou,dm{* The precedur used is to test each nnoceupicd cell one
ata time, by computing the cost-changg/Mythe Mclusion of any unoccupied cell can decrease
the trasportation cost then this unoceLp illbe considered forallocation in the iimproved

~ solution. We select that unoccupted cellMor allocation for which the cost change is mﬂxt
 nggative. This piocedure is coniil we gel the opnmal solutmn

Stepping-Sione Methed

In this method we calculate the net cost change that can be obtained by introducing any of ihe
unoccupied cells into the sclutiun. The important rule to keep inmind is that every increase (or
decrease) insupply ai one ocenpied vefl must be associated by a decrease ( (of increasc) insupply
-Aatanothee. The sarae rule hoids true for demand. Thus there must be two changes inevery row
ot column that is changed-one change increasing the ailocation (or quantily) and one change

decreasing it. This is easily done hy evaluating re- d‘lof‘allons in a closed path sequence with
only right-angle {urns permitted. :

The criterion for making a re-allocation is simply to know the desired effect upon costs. The "
net cost-change is determined by listing the unit costs associaled with each cell and then
summing over the path o find the net effect. Signs are alternate from positive (+) to negative
(-) depending upon whether shipments are being added or subtracted at a given point. A
negaiive sign on the net cost change indicates that a cost reduction can be made l“y making the
change. The posnivc sign on the net cost change mdmtes 4 cosl increasc.

To demonstrate the application of this method, consnder the initial soluuon given by least cosl
method asshown in Table 3. Let us evaluate the unoccupied cell (P,, W }. The shipment of one
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unit to this cell will incur an additional cost of Rs. 7. This requires in turn that one unit be

* decreased from cell (P,, W,) which decreases cost by Rs. 6. But to keep the balance between

supply and demand we have'to add one unit to cell (P,, W) which increases cost by Rs. 7 and

~ finally one unit s decreased from cell (P,, W ) which decreases costby Rs. 5. To detf-rmme the
net cost chanﬂc, let us list down the changes as shown below: :

B, i . W Wy
Changes in C Cost - .
; 7] .
Celt . allocation - change (Rs.} L l__l -
o - R I e
(P, W) . +1 . i S B e T . ‘ K
. . _ _| -—i

1

(7, Wa) ' 1 +7 X ¢ ;
'2 : . } - P2 K‘_;/ ——'QS -+

(P2, Wi} E -1 . -5

Net cost change = 43

' This indicates that if the unoccupied cell (P, W ) is made OLCupled then the twtal transporta tion
cost wnll be 1ncreasad by Rs. 3 per unit supplied. This transfer of shlpmcnt of one unit is also

shown in the right hand side table by making a closed path. '
Similarly other vnoccupied cells can zilso.be evaluated Vb samé manner as shown below:

 Unoceupied . _ Closed path O Net cosi Remarks :

cell ' : change (Rs.}

' (P, Wa) (e, W 3)'-)(% ' — (2 j, W3 9-3 _+'? w=+7 | COSt TOCreases
. o ' =P | N P ' ’ o
(Py, W3) (P1, W Wi)3(Pa, W) 5_—4+5—T='—1 cosl decreases
S Wz) - _ o

(P3, W3 : (PJ,.W3)'—>(P3, |}—>.(P2. W) §-4+5°3= 46 | - eastincreases
' : . -a{P 3, W-'a) :

This transfer of shipment of one unit to ma ke it closed path is dlso shown betow for the Olher
-unoccupied cells:

For unoceumed ; For unoccopied - For unoccupied
cell (Py, W3) .ce!I Py, W) . cell (Py, Ws) )
P W ' W, Wi, Wy

P, —6J . _ﬂ I_ L-.z.i_l .- ..
et W S o ot
PLJ 5 Pf_;l . T

R N i ™ _--J;

-~ Cost Changé:‘--si—'-s-s'?'—_ﬁz +7. - 5-445-7=—F f B-d4+5-3=46

Folh,

I,

L
44—

-

158~




Thus weobserve thatonly unoccupied cell :('Pa,: W) forwhich the costchange is-1 will decréase
the total transportation cosi by Re 1 per unii. Therefore, the unoccupied ceil (P,, W) wili be
considered for further reduction in the cost. The next question which comes to our mind is, how
much quantity can be shipped to cell (P,, W,). The maximum quantity. we can ship to cell (P,
W,) is exactly the minimuim quantity of those cells with the minus sign in the ciosed path as
shown above. In this case, cell (P,, W } has 17 and cell (P,, W,) has 5 as the quantity to be

shipped. Thercforc the minimuin of 5and 17 is 5 which has to be the maximum quantity to be
shipped to ceil (B,, W,). It should be obvious that if we ship more than 5 units to cell (P,, W),
we have to assign some negative value to cell (P,, W} in order to meet supply and demand
requirements. Since ‘we cannot ship negative quantity, therefore the maximum quantity to be
shipped to cell (P,, W,) bas to be 5. The new sclution thus obtained is shown below in Table

Tabie § - .
Warchouse - Supply
W w, W, - S\

n P

| I N EY

il .
LB ' . G
lani — .

: Tremand o . ’
. D, 21 L] £5

The total transportation cost Oﬂ%pmved solution is:
Totalco'st_ 20x6+9x5+ 19x3+12x4+5x5= Rs 295

.Thc next step is to evaluate again ali the unoccupied cells of the anroved solution and see _
whcthcr the totai cost can be further reduced. The unoccupied celis of this *mproved sclution
are cvaiuatcd in the same manner as shown below:

Unoccupied : : Closed paih ) . Net cost . Remark -

cell ) o . change (Rs.}

{P1. W} . (Pis _W|)4(P1 z)")(Pr"Wz} T-6+5—48=+2 . cost ipcreases
’ .. (P 3 1) : ) _ K .

P, Wi (P, Wikrs(P 2, W;la{P2,. W) ' 9-3+45-4+5-6=+6 - cost increases

. : P3, Wil {P;, Wab (P, W3) ' :

P2, W) (P, Waks(P s, Waka(Py, Wil 7-5+4-5=+1 " cost increases
. (P2, W) _ _ _

Py, W3) ' (P3 Wiks(Ps, W )P, W) B-4+45-3=46 cost increases

Pz, W 3)




Since all the unocc upied cells have positive values for the riet cost change, tlicrech,re, there is
no way to improve the solution any more. Hence we have reached the optimum sblution.

The transportation schedule as shown in Table 5 and the total transportation cost of the optimal
solution afe as given below:.

From-Plani Trhnsp_urled . Quantity Urit cost Total cost:
to warehouse :

120

P, W, 20 6

P W 9 5 - 45

P, . Wy : 19 3 57

P : W 12 - 48
4 25

P], '-Wz : 5

Tolal t}'anspcrtlation
. cost = Rs, 295

The stepping stone method that we have applied can be summarised as follows:

1 Make sure that the number 0f occupied cells is exactlyguai to m+n - 1, where m = number
of rows and n = number of columns.

2 FEvaluateeachunoccupicd cell by following it pd path and determine its net cosichange.
 Ifall netcost changes have zero or positive sIg,g#en the solution is cptimum. If there exist
negative net cosi changes (change), fing occupied cell with the largesinegative value.
This is the unoccupicd cell whergg shipgnent should be made. - ;

3 Determine the quaniity 1o be shi i0 the selected unoccupied cell. Trace the ¢losed path
for the unoccupied cell a tify the minimum guantity by considering the minus sign .
in the ciosed path. Ship th ntity and find the new solution. Go to step 1.

Activity F :
Use stepping Store method 1o arrive at the optimal solution for the problem given lin Aciivity
C. : : .

The MODI method is a more efficient procedure of evaluating the unoccupied cells. Instesd of
evaluating the unoccupied cells onz ata time by racing the closed paih, as i the stepping siotie
method, in ihe MODI method i is possible to evaluate all of the unoccupied cells simultane-
ousty. Consequently i the MODI method we do ot have io itace alf the closed paths. Rather,
we {race the closed path of only one unoccupisd cell for which the cost reduction is maximum.

Inorder 10 demonstrate the MODT method, let us go back to the initial selution we obtained by
Vogel's method as shown in Table 4. To iustiete the MODI metbod, wé have o alter the
transportalion table by assigning an additional row and column. The modified transporiation
table of the iniilal solntion'is shown in Table 6. '
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Table 6 o
WIIE’h“IIhE ’ o Sllnph
© Wy Wz Wy .o S Lt

B, — o : @ _30.' 1w

Plant

Demand D; 21 s | | e

Notc that we have added column U to 1ndicate row valucs androw V; 1o mdi_cale_cnlunﬁn v‘a_lués.
_ Now let us define these variables beforc we procecd furl.hcr -

_ U, = Vatue for the ith row (plant) B _
© . .V;=Value for the jth column (warehousc) - 0
For the oocuplcd cells the followmg relatlonshlp exis ~
C.=U+V, a T _
ij i ..j ) . b y

For exampié-,._t’he unit transportation cost for th%_ccupied _cells' can be described as:
o C,=U,+V,=5 |
o Cu=U V=3 @ A
Gy =1 +V, =4
C,=U,+V,=5 ' '

_In lhe above equations, we have six unknown vanablcs (row and column values) and five
equations. In order to obtain a solution to determine the row and column values, one of the
variables must be chosen and given an arb1trary value of zero. We select U, and assign a zero

value toit. With U; = 0, we can identify the values of the remammg vanablcs in the abovc L

_rclatlonshlps Wthh are shown below:

U, 4+ V=530 + V| = 5DV, =

L =520+ Vi= =5
_U2+_\V;3=3:>0+v,'=3:_>v3=3
'U'3+V1_=4:>U3+5=4:>U3= ~1-
U3+Vz=5$1+v;—5::>vz=6

U+ V

63U £ 6 =601 =0




Wenow proceed (o evaluaie cost change forall the unoccupled cefls by usmg the f(%llowmg cost
* change formula: g

coslchange G- U V

As in the steppmg stone method if an unoccupled cell has a ncganve cost change, it indicate
~-thatan improved solution is possmlc When al} cost changes have Ze10 Or positive values, the
optimal solunon is reached. ‘

Table 7 presents the initial solution of the problem with the corrcspondmg IOW. and column
valucs The net cost change for unoccupled cell is cvalualcd as follows ‘

- Unoccupied cell - G-y -V | o net cost-change
(P, W,) 7-0-5=2 42
(P,W,) 9-0-3=6 +6
P,W,) 7-0-6=1 - +1
(P;,W,) - 8+1-3=6 %

.Ui ’
U:IE.O
U =0
Plaat
Us=~1
Demand D C o ‘ L
g : ‘

' The net cost changes dcrwcd abovc corresponds with thosc we calculated in rhc stepping 'atonc
‘method. The cost change calculated forall the unoccuplcd oells are also shown in the right hand
side bottom of the lll’lOCQUpled cells and these values of cost change indicate thqt there is no

_ négative value. Therefore, we have reached the optimal solution. The sojution is identical with

the one we derived through the stepping stone mcthod Again the total Lrasporlanon cost by

' MODI method is Rs. 295.

'Actiwty G
Use MODI method to arrzve at the optlmal solution for the problcm given in Aclmty C.

L R T T T T I T T T T T T T T T T T T T S,
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12.6 SPECIAL CASES IN TRANSPORTATION PROBLEMS

- Now lhat we: havc seen how to solve transportatlon problems we ncxt need 0] Consmer some _

© special situations that can arise. An understanding of how to handle these situations in the -~ .

transportatlon problem framework will allow you 0 apply thls method to a w1de varlety of .
_ practlcal suuauons _ ; . o _

Multiple Optim al Solutlons A
- As with other linear programmmg problems a transpomatlon problcm can have more than one
opnmal solution..This would be indicated when one.or more of the unoccup1ed cells have Zero
“value for the net cost change in the optlmal sotution. Thus a reallot;atmn to - " the cell havmg .
-4 net cost change equal to zero will have. no effect on the total transportatzon cost;

o This reallocation will prov1de another solution wnh the saine fotal transportatlon cost, but the _
- routes employed will be different from those for thie: ongmal optimal solution. Multtplc optlmal -

~ solutions are 1mportant because they prov1de managemcnt w1th added ﬂex1b111ty m managc- S

- mient dec181on makmg

]

- Activity H . - - a : . -
- Obtam thc opumal solunon for the followmg Lransportauon oblem

- Warehonse .
h b owe . Wy . Ii‘WJ
. PMlant ) . . - R
ComT PN R ")
- Demand o | w0 - ‘ T 60 | 280

Also indicate the alternative optimal solution for the given problem, if any. |

P T T T T T T T B T T T R L R B R R R R BN

................................................................................

Unbalanced Transportatlon Problems _ . -
.So far we have béen dealing with transportation problcms in which the total supply al ongms '

- was equal 1o the total demand at dcstmatlons In real life: problcms however, this may not be-
always true. Thus the transportauon problems with unequal supply and demand is said to be -
unbalanced transportanon problems. With a little modlflcatlon, an opumal soluuon of such O
c problems can also-be obtamcd by the methods dlscusscd earlier. : '
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. Supply Ex:.eeds Demand: When the total supply at orlgms is greatrer than the total demand
at destinations, i.c., ' :

m

TS >3 D
i=| i

Weadda durﬁmy destination (columnj inthe lransporiation table with zero transpclrtation cosf.:
associated with this dummy column so that the problem becomes balanced. Then the problem
is solved by the methods used earl ier for a balanced transportation problem '

To illustrate the application of unbalanccd transportation problem consider thc followmg
transporiatlon problem where supply exceeds démand. . - _ ;
rJdof 71 units

-Since the total supply of 76 units at p_Iam Pl, and P, and Pa exceeds the total demar _
~ atwarehouse W, W, and W, by 5 units, the given problem is unbalanced. We add a dummy
‘warehouse W, wnh its dcmand of 5 units and transportation costs zero from all ﬁrlants to this

durnmy warchousc S . S _ .
: Now the balanced trasportation problem is g_iveh as@ in Table 8:

‘mleao. !
Warehouse' Supply . . i

W, Wi Wy 5 X ‘ .

] —Zi] 15

By

o ] | |

N : : 6

Demand D, 8- 28 -5 50 %

~Once the unbalanced transportation problem is converted into a balanced trahsportatioﬁb
problcm then the problem can be solvcd in the ubudl manper. '

_ Dem.md Exceeds Supply: When the total demand at dcsunauons is gredlcr than ll’ie't_ota_l
supply al origins, ie., : '
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‘we add a dummy plant (row) in the transportation table with zero trzirr'Sportation costs, S0 that
_the probleém becomes balanced. Then the problem is solved in the usual manner. Therefore, in
an unbalanced transportation, once the: dummy facility i Is added, the: problem is solved exacily

as described earlier. The dummy facrllly is treated no drfferently than a real facility. The -
mterpretanon of the optimal solution should include ah adjustment for the dummy facility. If '
dummy supply is added, the amounts scheduled:to-be shipped from the supply points have to
be treated as unfulfilled demand by the demand destinations that are to receive those shlpmems
In a similar manner, amourits scheduled to be received by a dummy demand represent unused .
) capacrty at those supply poinis lhat are to make the shrpmems '

Activity I . :
For the foll~ wrng unbalanced transportatron problem denve the. oplrmal solutron '_

: _Wafei.m-'s_e";. ' 'Supply

* Wy W A s

sl. ' 5! : 6[ .R -
1 - B et 120-

Plant - —
o T s [
Demand D | 150 1 3107280

R LR e L I e T T R N T T I L S Tl SR

.........'..'.------.......o.............-...‘...:‘.-....-...'...'.-.o.-'.---';.-

-.,IDegeneracy in the Transportation Problem - TR
"Il has been already establrshed that to an m origin and n destination transportanon problem lhc -
number of occupied celis atany solutionstage mustbé (m+ n- 1). Butif the number of oocupled :

cells islessthan(m +n- 1)atany stage ofsolunon thenthe problem is said to have a degenegate e
~ soluiion. Degeneracy can‘oceur at two stages elther (1) at the initial soluuou or _(ufdurmg. .
'\ -lestlng of opnmal\solulmn ' : - : : : : :

.

Stage 1 Degeneracy occurs at the mltlal solutlon To reaolve degenem’cy at lhc rmual stage
we make use of an artificial quantlty, denoted by the Grcck leltere_(epsrlon) fe is placed
inthe unoocup1ed cell, then that cell is consrdcred to be occupied. The quantity & is 50 small

that it does not affcct the supply ‘and. demand constraints- (vim condmons) For calculalron

purposes the value of & is assumed to be zero. Its use and qrgmf.cance afe confmed solely to

the evaluation of unoccupred cells. Once # €. is introduced into the solution, it will remain
. there until degeneracy is removed or a final solution is arrived a, whrchever oceurs frrs.t To-
. explain the use of é.conmder lhe followmg lransportatlon problem
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o . [ o . Warchouse - o o . ‘Supply’ i
Wy Wy Wy W, S

. A

-|_ _:'

-Demand Dy 4. LIV _5 7 I :

Let us iise NWCM 1o get the ‘initial solution. The initial solution is shown ,bclo?.w.'-ln. Tablc9 _
S } ~ Table 9 _ R
i L Warehouse R T ; ':S.u'pply. .

. 2 al. 3 R R
B N o U R
1

B

Plamt |

B

R

€)

Demaia a4 W S L

From the initial solution table, we observe that there.ate only 5 occupied cells; whereas to get.
the solution it is necessary to have 6 gccupied cells. Théf_efore'.the'_givcn_- initial solution is: ©
- degenerate. In order to remove degeneracy, we need an additional allocation 1o eliminate
. degeneracy. Therefore, We make ‘an artiticial allocation of small quantity € {0 any of the
unoccupied cells. Let us put € to that unoccupied cell which has the minimum transportation
 cost, viz.,cell (P,, W,)asshown inthe table anf_i now this cell will be considered a’si-th‘e occupied
cell. T_hcn the problem can be solved. in';lhe us_qa_l_man_ne_r.-. _j EE | o
Stage 2: Degeneracy Qccurs During the Testing of the-Optimal Solution: i _
- Degeneracy may occur when we are-testing the optimal solution. Degeneracy cmi_l_be?rcsdlvcd _
by allocating € to one or more of the recently vacated cells to complete the requ;ir'c_d {(m¥n-1)
.number Ql‘_océﬂpied.oell_s.- The pto_blcm'is"thén.'solvcd' in the usual manner. To illustrate the use
. of € during the tésting of the optimal solution; let us consider the following example: - -




Warehouse : Supply
W W, Wy -

e . i}
3 I )
P, T 10
Plam M LJ - _B_i iJ )
3 T B Y
] PR I |
'  Demund .' b | E 8 10 ] 2325

In the given example, since the total supply (25) is more than the total demand (23}, therefore _
_introduce a dummy warehouse W, with 25 - 23 = 2 items as its demand.

Using Vogel's method, the initial solution to the given proh@a_blained as shown in Table

10. | |
_©
_J

Supply
s!

Warehonse
W Wy

[+

:go@ v .s

Py

-]
@

'i:“
)

(=]

Phant

W:_

G
©
B
()

B2
=]
LA
iy

D A N 8 - [t 2 25

The intial solution is non- clcgcncratc and the transportition cost with the 1nitial solution is: .
Total cost = 5x3+%x4+3x6+2x8+ x4+2x0+3x3=Rs. 98 '
Determine U, rows and v for r.o]umns_ as usual by vsing the relationship

< ¢ i .

'C,= U+ V, for all occupied cells.




To find out whether an allocation in an unoccupied ccll will increase or decrease the cost of
transportation, let s calculate for L&Lh upoccupicd cell thc net cost change Ly using the
relationship :

Costch'mge-c -U,-V, . : o ‘

These cost changes are shown in the right hand side bottom of the unoccupied cells in Table

11. ) ) Table 11
Warehouse Dummy Supply
Wy Wy W, Wy 0§ U
31 _.’_J - _3_| O i] _9J 5 Ul___u_'3
+6 PRE +1 -1 7
F}il@i]@ﬂ@il NS
B _S_J _ﬂ | L’ @ o @ 7 U3=—!-4
' +5 +6 :
Plant - )
P, _ﬂ _4‘ _3_| @ _O;I 3 | Us=-35
+9 C 43 +1
Dummy D 5 s | ow | 2 | s |

V] vi=4 | vi=6 | V3=8 . 6

Since the cell (P,, W,) has the largest negative % alue of cost change, therefdlr e, introduce

this cell in the new solution. Tracing the closedgagf we find that 2 uniis from cell (P,, W,)ar

(P,, W )should be transported to the cell . We observe that both the occupilcd cells, viz.,
(P, W) and (P, W Ybecome unoccypicd olls. Thus the total number of occupied cells are less
than the required number (m + n {4 + 4 - 1) = 7. This means degeneracy has developed

during the test of optimality. ¢ this we allocate €- to any of the recently vacated cell
with least transportation

€. (o this cell as shown in\jdble 12.-

Table §2
Warehouse Snppiy ‘
W, . . Wz W3 . w‘l X Si :

3
| lﬁ"ﬂl® i[@ 1| o] G -
-Plnnl. . P3'i| —EJ i] @ _GJ @ | -

i ﬂ_@ 6] o]

P4

Demand D; |’ 5 8 e . 2 25
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Again o test the solutlon for opumahty, we calculate U and V numbers and value of oost-
- change for each unomuplcd cell as qhown in Table 13.

] Table 13 .- . .
_ Warehouse ' : Supply
W| - . W; . ) W3 W4 Si ’ Ui

3|@ 6 | _E_J | 5 :U'I'z_g

Py
Py 4|@' 6 r@ﬂ . i]CD 10 'U’=°._'
T T Tpdel

Pfanf_. s - 54 — 3 _o_l 1 3 Us=-1

Demand Dif 5 1 8 0 2 2
V| vi=4 p Vi=6 | Vy=4 1 V=0 l

Asthe valuc of cost change in all the unoccupied cells is pos mv®mre the current solution '-

is Optlmal : _ .

.Thc'_io_lal minimum L_fénspbrtation COst is.': o O
'To_ta_lcosl=5x3+5x4+3x6+2x0+7x4-|%_3= Rs. 93.
Activity ] | '

For the following transportation ‘]J_m@e ine the optimum distribution plan.

Warehouse ' Supply
W W, Wy 5
el El 61 100

f - -
Plant P; ._El .m | ) r._l,z_ ]_20

w2 EXRI 0

Demand - D; 100 100 100 300 .

.........................................................................

.............................................................................




12.7 MAXiMI SATION IN A TRAN SP@RTATMN PRO-BLEMS

Although ihe iransportatlon probicmb we have been dealing with-were of mlnhmlsation llhcre
may be cases when you have a transporation problem with maximisation objcr‘twes

Maximisation probiems of the transpoitation models are quite easy to solve. §wcral methods _
are available but we will consider that method which converts ihe problcm from a maximisation
toa minimisation problem which can then be solved in the normal manner. The conversion can
“be done by subtracting each of the profitelements associated with the transportation roules from
the largest profit etement. The resulting valacs (elemcnts) so obtained rcpres&:n"t opportunity
costs because they correspond to the difference in profit earned by that route and the largest
profit that could be earned by any of the routes. After converting the profits to opportunity costs,
we attempt 10 minimise these opporiunity costs by solving the problem in the ¢ |amc manner as’
the other minimisation problems. Thuis, thls approach requires only a simple aﬁijustment tothe

data of the initial transportation problcm

thihlted Routes

~'In certain snuatlom some of the routes in a transportauon are prohlblted f0,|r some cxwrmal o
reason. This occurs whenever-one or more rouies are not available as %hlpmcnt options. This
can happen for a numberofteasons, such as bad weatier conditions, weight or size conditions,
transportation strikes etc. Such 1estrictions or prohibitidgs can be-handled in the transportation
problem by assigning a very high cost to the prohi outes. This ensures that these routes
will not be included in the optimal solutio : S | |

12.8 SUMMARY ~ S T

In this unit we have considere ‘ation'mmdcls in-which transportation models have been
' hlghllghtcd The transportation pReplem is one of the most frequentily cncountcdcd applications
inreal life sitnations. Sol [ the transportation problcm facilitates the specification of how
many uniis should be ship transported) from each origin to each destination in order to
satisfy all destination demands while minimising the total costs of tmnspnrtallon Thc special

- cases in lrmsporlauon problcms have also been discussed. |

ZIKEYWORDS . |

Balanced Transportation Problem: A Transporiation Problem in which the total supply -
available at the origins exacily satisfies the total demand required at the destinations.

Deg,enerate Sulunon. A feasible solution to a transportation probl(,m is said “P be dcgeneraté
if the number of OCCl.lplCd cells is less than (m+n- 1). ' '

- MODI Method: A procedure for the solation of the transpumtlon probicm |

North West Comer Method: Systematic allocation to cells be ginning in the upper left hand
corner of the transportation table to obtain an initial feasible sclution, - |

Stepp inig Ston:e Method: A procedure for i .mpmvmg the cost in the :.ransporﬁdtlon mcthod

Transportation Problem; A special type of linear programming problem that involves thc
1ransportanon or physical distribution of goods and services from several supply origins to
a,cver'll demand debumnons

170 . . L |:




Unbalanced Transpnrtatmn Problem A tranqporlal:on prob!cm in which total supply does
not equal total demand. : :

Vegel's Method: A procedure used to obtcun an mmal fedmblc solut;on 1o the trdnsportatlon _
‘problem. :

12.-10- SELF-ASSESSMENT EXERCISES

1 Whatdo you understdnd by transportation problems? Dcscnbc any two methods of
delcrmlmng the initial feasible solution for a lranslmrtalmn problem.

2 Discuss the similarities and differences. ‘nelwecn the b!eppzng Stone Me{hod and the MODI
method in solving a transportation problems.

3 How does the problem of degeneracy arise in a tmnspormtlon problem? How does one
' overcome it?

4  Acompany has three warehouses A,B and Cand four storcs W, X, Yand Z, The warehouses
have altogether a surplus of 150 units of a given commodity as follows:

A B C
50 60 . 40 &
-The four stores need the following amounts, ' 0
o W X Y e
20 - 50 10

Cost(in rupees) of shipping one unit of comm@eily from various warchouses to different
stores is as follows: - L _ _

U4

X : Y
0 70
' 70 _ 90

87 '?9:

. W ra
_ A I 50 60 |
Warehouse . : B .- | 80 10 ‘

- c s !

-7 1) Formulate the above problem using. LincarProgfamming model.
if) ‘Work cut the transportation schédule by using Vogel's method.
iiif) Find the assocnlcd transportation cost.

5 A company has delOl‘lCS at F,, F and F which supp!y warehome@ AW, W, and W,.
. Weekly factory capacities are 2(}0 180 and %0 units, respectively. Weekly warehouse
demand are. 180 120 and 150 units, respcc,llvely Unit shlppmg COstS (m rupceq) are as
iollows

Warchotises -

W ) .W' 2 Wy oo
o . Fy 16 - 20 R
Faciories _ -F2 14 o 8 _ 18
' F3 26 3 24 ’ 16

Dclermine the optimal distribudion for this company to maximise shipping cosis.

S
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-6 Solve the follow1ngtransp0rat10n probtem whoeecostmatnx avallabﬂlty dteachplantand L
rcqulrcments at each warchouse are glven as follows S e

W_arehouées :
W, . W, Wy . W, |availability
: S 1%- 300 s00 100 | 0
- Plam . Py 00 300 400 o | - 20
E Py | 400 100 600 200 180 -
~ Requirement N SD 80 70 140 :

7 A cbm‘pa'ny has four factorics F, F, F and F, from which it ships its prodiict units to four
warehouses W W,, W, and W WhICh are thc distribution centres. Transportation costs
per unit betwcen various. combmatlons of factories and warehomcs are as given bclow

Warehouses - ' | .
o W, W, Wy Wy |A{railabi]ity-
o Fy | 48 0 - 56 . 8 | 1 140
Faclory - F» 45 55 _ 53 60 . 260
S . Fy 500 65 60 62 | 360 .
Fe |52 = 64 55 6L_| | 220

Requirement o 200 _3% 250 210

Find the transportation schedulc which mi@s the distribution cost.

' 8 ° A company manufacturing ait coolers has tWo planisTocated at Bombay and Calcuila with
“aweekl y capacity of 200 uniis. and 1 its, respectively. The company supplies air coalers
t0-its 4 show rooms situated Dethi, Lucknow and Kanpur which have a demand

of 75,_100,100 and 30 units,Qc?ﬂvcly. The costperunit (inRs.) isshown in the following
table: S o ' '

Ranchi Pelhi Lucknow | Kanpur

. Bombay 90 % ' 100 : 100

Caleutra 50 1} 130 | 85

Plan lhe producuon programme $0 as to minimise the total cost of transporla[tron

-'9 A manufacturer wants to ship 8 Ioads of his procluclas shown betow. The Tnatr.lx gives the
kilometers from origin to the destination. '

‘Deslination . |

A . B - - C Availability
X 50 T 220 A
Origin Y 96 _ a5 - S 170 |: 3
Z 50 : 200 : .50 : 4
Requirement . k] -3 2.

_ _ | _
Shipping costs are Rs..10 per load per kilometer. What shipping schedule shputd be uscd?.
. . hl . . ) 172 : - .




' 10 A company has threc factorcs F F and F, whxch supply warehouscs at W W and W o
. Monthly factory capacmes are 120 units, 80 units nd'803umts respectwcly Monthly
_ warehouse: requirements are 150 umts 80 umts u;mts
costs (.m Rs. ) are as follow ' : SN

Wareh o:u'.sé_s'
W, T Wy w3 _-'m-aﬂabimy- )
_ SRy | 8 gl '-f-_--15 7 e
Factory - - L Fao N [ IR VA 0
R N T 10 80
.. Requirement- - O R R T NS N

Determine the optimumi distribution for this companytommlmlse shipping cost. -
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UNIT 13 ASSIGNMEN T MODELS

Objectives . . : :

After studying this umt you should be able to

@ recogmse an assrgnment problem

O convert'an assignment problem into a transportanon problem :
[ ] ‘solve asmgn_ment problems by usmg Hungarlan method

) describe special cases in assignment problems such as maxrmlsatron case, multlple optrmal

- . solution, unbalanced assrgmnent problem, and prohlblted a551gnments

Structure _
"13.1 Introduction
132 Assignrient Models :
~13.3 ‘Hungarian Méthod of Assignment Problem
! 13.4 Specml Cases in Assrgnmcnt Problems ;.

13-,_5 Sl.lll'lmary )

13.6 Key Words - o | 'A-.
137 Self-asscssmentExermses S e
- 138 Funher Readmgs e 0
: .-1'-3.'1 INTROD‘UCTIO'N O

' In this unit, we mtroduce a special type of 1i ogramming problem known as as nghmen_t E
problcm The assignment problem ?@: cating the various items (resources) to various *

-~ receivers (activities) on a one.1o o

using the simplex method. Ass t problems can also be solved by transportatro

n such a way that the: resultant effectiveness is

method. -

-optimised. These types of pro%ier linear programming appllcanons that we ljan solve

. Butsimpler and rmore efficient m&thods such as Hunganarl method have been deve
gettmg the solutlon of assrgnment problems :

oped_ for

13 2 ASSIGNMENT MODELS

The assrgmnent problem is a SchIal case of- the transportanon problem In asmgnment '

problems supply in ¢ach row represents the availability of a resource such as man,

vehicle,

* product,. salesman, etc, and demand in each column represents different activities to be

performed, such as jobs, routes, factories, areas, ¢tc., for each of which only-one mano

© . of product or salesman respecnvely is required. Entries in the square belng C0S(S,-

. distances. The. essential characieristic of the assrgnment problem IS N TESOUICES
 assigned to-n'activities such that each resource is allocated to each activity and cacha

rvehlele-
1mes,'or_'\ _
are'to be

ctwnyrs "

performed by one resource only The allocatlon is lo be done in such a way s0 as'to maxrmxse 3

- the resultant affectiveness. '

A slightty d1fferem tabular form than that of transportalton problems wrll be convement for

handlmg assrgnment problems To show that an assignment.probiem is a specnal ca

se of the

transportatlon problem, oonsrderan mstance where three qualifled menare available to perform
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three jobq Because of individual's training and experience, the cost of successful completion
of the given job is different for each man, Find the assignment which optimises the performance
characteristics of men with minimum- cost of assigriment. It is assumed that each job is
‘completed independenily by one man. The unit cost (in rupees) to Lomplcte each job by each
man is gwen m the following Table: '

: Job . Supply
__]]. . I - I .

Plant

Biafs

M| 1] .'12]

Demang 1 1 | _ 3

The format of the above table is the sarhgc as that of a transpSgation problem, except for cach |
row, the tolal supply is 1 and for each column, the total dentgd if 1. The objective is to optimise

| ~ the total performance characteristics by assigning g men to three jobs. Let Xij represent
- assignment of jth man to ith job. Then the proble % stated mathematically in the linear

programming form as follows:.

Minimise Z=4X |, + 8X , + 10X , + QEI '+§x ot TX,, + 11X, + 12X+ 5X

Subject to the following consirainis

i) * Each man must be assig ne and only-one job, ie.,
Xyt X+ X,=1 for’man M,
. XAI + Xz:{ + Xzs =1 for man M'z
'X31 + st + X33-= 1 - for l'l'lal'l.l\fl3
. or SE X, -1 fori=1,2,3

j=1
ii) . Each job must be a551gned to one and only one man, i.e.,

X, + X, +X, = _ for job 1,

X+t X,+X,= 1 for job, J2

X, +X,+X,=1 - for _]Db I,
R :

or | =- X, -1 forj=123
=1 ; S

iify X, = assignment of ith man o jth job

= 1, if the ith man is assigned to jth job
= 0, if ihe ith man is not assigned to jth job.
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Thlsproblem isa specral case of the transportaﬂon problem, where each a= -1andb } 1Thus, -
- every assngnment problem can be solved by the transportatlon method ‘but solution by
assignment method will be more efﬁcrent and requlres less oomputanon tlme o '

Every basre feamble solutlon ofa general assrgnment problem having a square pay-offmalrlx -

- (say nx ) should be(n+n-1) assrgnment cells. But due to the-special structyre of ‘thi¢
‘assrgnmem problem, any solution of sucha problem cannothave more thann assrgn:—;:xl’ celis..
Thus, the: ass1gnment problem is. mherently ’degenerate' [f the given pay-off matrix isnot a
‘square matrix, we can convert if to a square matrix by adding dummy row. or, colymn: This '
-concept of unbalanced assrgnment problem will be dlscussed later.” : T :

Actlvity A : - :
Explam the drfference between a transportatron problem and an assrgnmem problem _

R T T T I I T I T T I T I LR R R SR R R ]

S T T PR T T T T

: Act:vrty B _ : : - L __ .
_Explam the oonceptual _]ustlflcauon that an assrgnmen robl$m can be considered asa linear

‘programmmg problem. o _ _ . : o ‘ _'
: -'-1--‘._-l.ooo-.acio-.--.-c.‘-.-.-i.'.;.-o'--.:--. ---“_--.n--o.oof_.._a-"._om."oo.'ol.p.-:u-""-:.o'I_

133 HUNGARIAN METHOD OF ASSIGNMENT PROBLEM o
: (MINIMISATION CASE) |

An efflclent method tor solvmg an assrgnmem problem, known as Hunganan method of
: assrgnment is based upon the following two rmportant propertres '

1 Inan assignment problem if a constant quantrty is added or subtracted from every elementé '
of any row or column in the given cost matrix, an assignment that minimises the '!otal oost‘{g _
in one matrix also mlmmlse t.he total cost in the other. : -

-2 In an asmgnmem problem, a solution havmg ZET0 tolal cost is an optlmum solujlon L
Hungarian method of 3551gnment problem (mmrmlsatlon case) can be summarised i i the .
following steps o

Step 1: Inthe given matnx, subtract the smallest element in each row from every eIement of |
_ that row. : : : : L

Step 2 In the reduced matnx obtamed from Step 1, sublract the smallest elemet+ in each
column from every element of that column _' o

: [ R o ‘




Step 3: Makc the assi g‘nmcnl for the rcduccd_ matf_i_k o_btai'n_'cd from s’teps 1and 2inthe fdllowing

way: . : A : Sl

a) Exammc thc rows sucocsswcly unt11 arow with cxactly one z€ro is found Make an
a551gnment to this single zero by putiing square[l around itand cross out (X) all other _
zetos appearing in the corresponding column as they will not be used to make any _
other dSSlgnment in that column. Procccd in this manner unnl all rows have bf:c,n -
examined. : S '

. b) Ex'amine_ the' columns successively until a column with exactly one zero is founa.
Make an assignment to this single zero by putting square [ ] around it and cross out
(X)all other zeros appearing in lhc corresponding row as they willnot be used to make -
" any other assngnmcnt in that Tow. Proceed in thls manner until all oolumns have been
cxammed '

). Repeal stcps 3(a) and 3(b) untilall zeros in rows,‘columns are elther marked OI' crosscd
~ out (X). If the number of assignments (Marked [ ) made are equal to the. number of
rows/columns (bcmg square matrlx), thcn 1t is an optlmal solution. Otherwlse goto
Stcp 4. :

Step 4: Draw the mlmmum number of: horlzontal and vertica 'nes to cover all zeros in the’
_reduced mamx obtained from. step 3in lhe followmg way ' =

- a) 'Mark( |/ ) all rows that do not have assignm .
- b)  Mark (v )all columns that have zeros in ma WS -[step'4 @]
¢)  Mark (#) all rows that have assignmen jarked columns [stép 4 (b))
dy  Repeat steps 4 (a) 0 4 (¢)-until no gc ros or columns can be marked..

¢}  Draw straight lines through ali u roWs_an'd marked _columns.-

~ [t'may be pomted out here thal yo@lso_dmw the nlinirnum of lines to éovqr all-zcms-.bjr
__mspcctmn o . L -

Step 5: Hthe. number of lines drawn [step 4 (c)] are equal to the number of rows or oolumns
then it is an optimal solution, othcrwmc goto stcp 6.

-Step 6: Sclect the smallest elemcnt among all the uncovercd elements. Subtract this smallest
- elcmcnt from all the uncovered demands and add it 1o the element which lies at the mtersectmn
'o[ two hnes Thus, we obtain another reduced matrix for fresh assignments.

Step 7 Go 1o bl(,p 3and répeat the procedure until thc number of assignments become equal
tothe numher of rows or columns. In such a case, we shall observe that every rowfoolumn has
an assignment. Thus the current Solullon is the optimal Solullon -

To fllustrate the appl ication of Hlungaria_n' method of assigment problem, Iet us consider an
example where a company is faced with the problem of assigning five jobs to five machines.
Each job must be done ononly one machine. The cost(in Rs.) of processing each job on each -
machine is given below in Table 1: -~ - ' :
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Table 1 - ‘
Machine
M My M; My M

o7 s 98 1t
hj9o 12 7 1 -0 _ o
Jeb ' _ ‘

e 703 6 9 s

s 4 6 7 5 11 ‘

The pfoblem is to determine the assignmentof jobs to machines so that it w'ill_'rcsult in minimum
“total cost. - ' '

As suggested in the solution procedure, we select the minimum element in each row and
subtract this element from every element in ,that row, The resultam reduced matrix 19 shown
* below in Table 2 _ : . : ‘ '

Next we select the minimum element in each column and subtract this clement from every
clement in that column. You may note that only colomn M, and. M, will chdnge The resultant.
reduced matrix is shown below in Table 3 ' '

Table 2, _ : ' '

- Machine ¢ : ) } i

M, M, rO Mg ' ‘

' Nt 6| o
4 3

Juh

2053
6 2 ‘
17

Tahle 3
" Machine o ' ‘

o2 0 4 2 4

2 o2 5 o 1 1

Job -
) 4 ] 0 | 3

3q 4. 0 3 s 0
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'Now we attempt 10 make a oomplcte setof asmgnments using only a smgle Zer0 element in each
. _row or column. Since row J, contains only smgle ZEro, therefore the assrgnment is made in the
~cell (J,, M,) and the zero appearmg in the correspondmg column M, is crossed out, S1mrlarly -
the assignment is made in the cell (1., M, ;) and the: 2610 appearmg in the correspondmg column:

M, is crossed out. Now rowJ has only smgle ZE10, therefore the assrgnment is made inceli (J,,
M,). Since there are two zeros in row J, we cannot make assignment in this row J. Looking
* columnwise, we find that column M, has only. smgle zero, therefore we make an assignment
incell (J, M, ) and cross out the zero appearmg m the correSpondmg row J.. The asstgnments
so0.made are shown inT. able 4. - :

[

Tabled

" Machine

My My My My Mg .

- _'J_l ;. @ . _2.. _ _.4-:..__._
Job - wla
owleox
RN BOEY
Thus, it ie possible to make only fou flve rteoessary asmgnmems using the 2610 element | _

position. We therefore create one more zero element by drawing the minimum number of
_horlzontal and vertlcal lines. Usually the mmrmum number of lines to cover all of the zetos can
be obtained by mspectron However we shall use the method given earlier in explalnmg the
“various steps The various stepe for drawmg the mmrmum number of lmes are:- :

a) Mark the row I, whlch has no assrg,nment

- _b) Mark column M, which has zero'in the marked rowJ,

) Markrowl, which has assrgnment 1n marked column M
_ d) Repeat steps- (a) and (b) until no more rows or coiumns can be marked. -

€) Draw the lines through unmarked rows and marked eolum_t_ls.

The minimum number of lines drawn are shown ih Table 5. You must check th‘at the number

of lines drawn is equal 6 the: number of assrgnments made. But we require five assi gnments

: To create one more zero, we-examine the elements not covered by these lmes and select. the
smallest element, viz, | among these uncovered lmes C '

T e




s ‘
By ‘Machine

M, M, N;I_; .-Ma'" Ms B ._ .

. J; '_I4 . r® 1 3
' A ""*-_ @ j": |

Subtract l.hlS smallest element 1 from all the uncovered elements and add it to the element where '
the two lmes 1mersect The reduced mamx so oblalned is shown below in Tabl 6

, Tal_:leﬁ_
R © . Mackine . . o ‘ :
M Mz--M's_'. !_ﬂ\: ;Ei o .. o ‘ B

5

'JOII ) L

Now we make trcsh amgnmem Proceedmg in the usual way, the bet of asmgnments made are'
shown in Table 6 Henoe the opumal solullon 1s '

Assign fob ToMachine . Cost(Rs -~ ‘ _
T L LMy -
A2 ;. ' S M3
AR Y
dao Mg
Is o STy

o o

" Minimum toial cosl = Rs. 27
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Activity C

A cerizinequipment needs seven repair jobs which have to be assigned to seven machmcs The
estimated time (in hours) that each mechanic rcqu1rcs to complete the repair ]ob is given in the
following Table: :

. Job

PO PR £ T PR Y

M !—2 9 2 7 i ‘
My ‘ 6 & 7 6 1 |
" Machine M1 ! -1. 6 5 3 ! ‘ |
M4E 4 2 71 3 i
Ms:. ! 5003 9 o5 ] ]
,

. Assuming that each mechanic can be assigned to only oneygetcrmine the minimum time
assignment. ' : .

.........................................

D T T T T T B I R B I I ]

T T T T T R R N AL R}

13.4 SPECIAL CASES IN ASSIGNMENT PROBLEMS

1. Maximisation Case in Assignment Problem: In some cases, the pay off clements of the

assignment problem may represent revenues or profits instead of costs so that the objective will
be to maximise the total revenue or profii. The Hungarian method explained carlier can also be

used for maximisation case. The problem of maximisationcanbe converted into a minimisation

case by selecting the latgest elementamong all elements of the profitmatrix and théh sublracting

it from all other efements in the matrix, You can then procced as usval and obtain the optimal '

solution by adding the orignal values of these cells to which the assignments have been mddc

2. Multiple Optimal Solutions: Sometimes, itis possihle to have two or more ways 1o cross .
out all zero €lements ini the final reduced matrix i‘or a given problem. This implics that there are
more than the required number of independent zero elements. In such cases, there will be
multiplgz optimal solutions with the same total cost of assignment. In such.type of situations,
managément may cxercise their judgment or preference and select that set of optimal
assignments which is more suifed to their requirement.
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To demonstrate the applrcabllrty of a maxlmlsallon case and also that of mult:ple opt1mal .
: 'soluuons consider the example where a company has four sales tcmtorles and fqur salesmen
- avallable for assignment. The sales territories are not equally rich in thelr sales E _
- the salesmen alsodiffer in their sellmg ability. The sales (m thousand rupees) for edch salesman :
to be a551gned 10 cach terrltory is glven below in Table - 5 e ‘ :

. Table 7

. Territory - _
1 i nt v | _
A 2 3 .2 21 ‘
- Salesman . B N DT . s
N o ;[ ST 20 s
D S 0. 16 12

How should the territories be a551gned 10 salesmen 50 as to maxlmlse the total shles‘? '

Smce the problem mvolves max:mlsatJon of total sales, the problem of maximisation can be N
converted intoa minimisation problemby subtract:nga!! the elements from the hlghest clement _'
( i.e. 42) in the given matnx The matnx 50 obtalned is shown below in Table 8:!

L Tabkes N 1
'-_Terrilnry ’ ' s S . o
0 B 0 4 [
1z 47 Ce 22 : 27 | ‘
12z 1 N s S, I I
a8 % R T " T ‘

'As thls problem js reduced to tha 2 mmlm:sauon problem, we shall therefol'e apply the

Hungarian method of asslg@ﬂs 1soussed carlier. . h ‘ - .
Subtracnng the smallest elem¥fit in each row from every element in that row and then,' .

Salesman . o

COow»
=

otentjal and

. columnwise, subtracting the smallest elemem in each column from every element in that - -

- column, we get the reduced matnx as shown in Table 9 . P ‘ e

Table 9 T }
Territory I _ . |

—
—
—
=
=
—
-

Sa‘lesa'nnn. .

Tom>
P

-
St e

-_Now make asmgnments by usmg smgle 7610 elements in each row and column 'he number
-of a551gnments made are only two as shown in Table 10. Inorder to create more zetos, we shall
draw the minimum number of lines to.cover all zeros as explamed carlier. Since there are on]y

-two assrgnmenls the number of lmes drawn are only iwo as shown in Table 10 ‘
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Table 10

“Yerritory
1 ) il HI v
A 3 6 9
Salesman B 1 2 3
T'sd . !—l"‘l 2 _ 3
"D =% . o ——

Selecting the smaliest element viz., 1 among all uncovered elements and subtracting it from

cachuncovered elementand add ingittothe mtersectlon of twolines, we get the matrix as shown
- in Table 11.

Table 11
Territory -
{ 1 i ¥
A 0 2 5 8
~ Salesman B 0 [ 1 2
' C 0 ¢ ] 2
D 1 ] ¢ 1]

Mow when we make fresh assignmenis, we observe

and thus it is not an optimal solution. This is show dble 12. Again draw the minimum
number of lines to cover all zeros in such a wag, that th€"number of lines drawn are equal 10
number of assignments made. This is also sho Mable 12,

Tahle 1 Q

acre arc only three assignments made

I v
A [ EG S g |
Salesman B 4 : . LR
¢ o F Sl - t
D | ’ |Ris] [

‘Subtracting the smallestelement, viz., 1 amongall uncovered elements and adding it lo the inter
section of two lines we get the reduced matrix as shown in Tabie i3.

“Faple 13

Territory
1 . 11 1l o 1V
A o} 2 4 F:
Salesman B . 0 0 .
C = 0 0
D 2 1 b
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Now make the assignments in reduced matrix of Table 13. We observe that there is only _s}ingle
zero element in row A and-column IV, so we make the assignment by putiing[] |and Cross out
other zeros in column I and fow D. for the remaining zeros, we can make the a.?si gnments in
- two'ways. First if we make anassignment considering the zero clement in row B and column .
11, then the zero, appearing in column Il and row B is to be crossed out dnd then the other
assignment is automatically made inrow C and column 1L, In'the other casc, if we make an
_ assignment considering the zero element in row B and columa [11; then the zer0 appearing in’
column IT and tow C is to be crossed outand then the other assignment is made fin row C and -
column IL. Thus this problem has two sets of optimal solutions as shown in Table 14 (a) and

Tubte 14

. Terriiuey (id . |
Tersitory (a) . -
Ponoow v L TR TR |
al@m 2 .| S T S A
Bl ¥ @ K i - : “u | w x [R] |
Suleswiian X salesmun ’ B )
c|lw w @ Cocpe qEow |
plz ' % ' M w o ful
- The two optimal solutions are . E . ' |
Solution I @ Solution 2- |
Salcsi_nan Temitory - W Sales Salesman Territory Sales
~ . (in000's Rs.) (in 000's Rs.) .
A 1 42 A I | a2
B 11 25 B I ] 20
C i 20 C I - 25
D v 12 D v, 12
" Total Total 99

99

Both the solutions show that the best salesman A is assigned 1o the richest terri tory 1and the
worst salesman to the poorest territory IV. The salesman B and C being eq nally good, may be
- assigned to either territory IF or TiL. In both the cases, the optimat total sales is [Rs. 99,000.

Foursalesmenhave completed the company sales course and are to be assigned tolfour different
sales territories. Based on their expcriéncc’, course performance, product knowledge, and -
potential customers, the company has rated. each salesman's expected success in cach sales.
territory. The ratings,on ascale from 1 (fow) to 10 (maximum)areshown in the foltowing table:

Activity D B * |
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Territory.

_ A B Lol
. 5 I 7. 9 10
Salesman . S : ’ 8 T 9.
' - 8y . 7 10 9
S4 | 6 KR -8

If the objectlve is to maximise total ratmg, who should: be asmgned to Wthh sales temtory‘? |

Are other optimat solutlons possibie?

B T T T T e TS
I T T T T T S T T T T R

R R R I R R T T T T S T I N A I A R A A A A A AP A

F T T T T T T T T T T T T T S R A T R

LI T T T T I T T R I R T T R T I R I L B N T T I

- 3. Unbalanced Asmgnment Probelm: Whenever, the payo xofan assigumem problem
is not a square matrix (i.¢. number of rows are not gqual to the number- of columns), the
assignmentproblem is cailed unbalanced assignment . Insuch cases, dummy rows and/
‘or columns are added in the matrix to make it a square mat&. Then, we canapply the Hungarian
method 1o this resulting balanced (square n’latr%h’lgnment- problem. For example, if five
workers, are to be assigned to six machi dulimy row is simply added to transform the
assignment problem into a square (6x6) I eatmg dummy rows or columns will give us

. a matrix of equal dimensions and us t®solve the problem as discussed earlier. The cost
~ (or time) associated with this dum 'or column is assigned zero element in the mamx -
To 1llustrate the application of unbalanced assngnmem problcm consider an example where a

company is faced with the problem of assigning six different machines to five different ]obs
The costs (m -000 s Rs.) are estimated as shown in ‘Table 15. '

Table 15

: - Job
I I, K U Js
"M, 6 2 5 2 6
M, 2 5 8 7 7
Machine LUK 7 3 6 9 §
' T Mg 6 p A 3 4 5
Mg 9 -3 8 ‘9. 7
Mg 4 T 4 6 8

" The objeeuve of the company is to make assxgnments m such a way that the’ total cost is
mlmmum ' : - e :
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'- . Slnoe thie number of maehmes is not equal 0] the number of ]ObS a dummy ]Ob J is created. - _'-'
. The costassociated with any machme for this dummy jOb 1s zero Tlns square mamx IS shown..
. in Table 16, : : : :

Table 16

: Jol-) S :
1, 1; Cys o Je s
SR M; . 2. 5 -8 7T
.- Machine . My~ 7 '8 6 -9 8
T Mg 1 s .2 3 4 . 5 .
M, g s -8 9. T ;
) Mg_. . 4... . 7: 4. B \'6. . . 3 . .

5 We observe that every oW has a zero elemenl therefore by subtractlng the srnaliest elemenl K '
" in each oolumn from every element of that column, we get a reduced matrix as shown m Table_ L
17 . : _ : :

CTable!7.

- M R+ DCLE SR A

. L "Mz 5 2 0
- Machine .. © Mj- T3 |
S My B R A
M ST 20 e ;

oMy 4 7 3.0 |

,

_Now let us makc asmgnmems Wefan make on]y four assngnments as shown in Table 18 To .
- credte more zeros we draw the mlmmum number of lmes as explamed earller and are shown
in Tablc 18 S ‘Table 18 -

£
- B4

L Mﬂ_ﬂlil;_le. -

-. Mq 2 . 51 4 -y

Subtractmg the smallcst uncovered element, viz., 1 from all uncevered elements dnd addmg it
to the mtcrsecuon of two lines, we get the rcduccd matnx as shown in Table 19'

KRN




Whlle makmg assngnmcnts in smgIc 2610 elcmcnt we gct 51x asmgnments a'i shown in Tablc
19 Hence the optxmal asmgnmenls made are IR LA

| Tablete
o ko 4y L I Teo

M ,'4. o 2 :__|._':_' 1

-Machine - I .. . F o
o M2
‘. Ms'. 3 m

4 6 1
Mo [ 1 4 @32 x|

. L Assign . " Te (( o8l in’ _.j o
: . IIIJO 's R\ )

My

NG
CINT
BN

My

ThlS SoiﬁiionalSO suggests that ma.c\l'li
T 'c‘:ost incurred 'win_b'e Rs. 16,000.
Actlﬂty E.

A company is faced with the problem of asmgmng snc operators to five jobs. The time taken
(in hours) by operators m completmg the _]Ob is glven below :

~dop -

o)l s e r
. Operator R ¢ F O 17 - 18 - .26 - .. 19, . - I8
19 3 g TR
24 B A~ SO [ 28




...................................

 assigned to machine M, and machine M, respectively. -

workers who cannot be assrgned a pamcular machme

: Detcrmme the assignment of operators to various ]obs in such a way that the total time. taken
in minimised. Whlch operator will be left unassrgned‘? ' :

.---.----......--..'..._..--.-.-......'-...."......'..........--......_......'.--_-

.......
............................................
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4. Prohibited Assignments: Sometimes due to certain reason an assignment ca*inot’ be made
‘.. inaparticular cell. For Example a partrcular machine cannot be installed at a particular place -
ora worker cannot be given a particular job to. perform To resolve this, we putjeither a:very

large cross. or dash ( - ) to avoid ass1gnments m those cells where therc is a }esmctlon of -

assrgnmcnt

To explam prohibited assrgnments letus consrder acase whcre tbree workers are avarlable to

~work with the machine and the respective cost (inRs.)a associated with each worker assignment

is shown in Table 20 Further dué to certain’ TEasons, worker W and worker W cannot be -

) "“Fable 20

Machine
- . W
Worker W,
S . W,
Deterinine the-optimal assignme ocrated cost
Add one dummy worker ( convert the given problem into a balanced on Write zero
-assignment cost in'this row. $pfS is shown below in Table 21. R
Table 21
Machine
oM Me M My
o Wy o oy T T )
- Worker - ' . W - . -4 ’ 11 S . 5
' ) Wy 2 IR | S 9
Dummy Co )

: worker LO_ [ S0 . '_.0

.The problem has been converled intoa balanced tranSporlatlon problem therefore now we may
_procecd in the usual manner to solve 1l - : . .

Activity F

_Five workers aie avarlable to work on six machmes and the rcspecllve cost (in Rs ) aseocmted

with each worker ondifferent machines is given below. The dash(-) in the matnx refers to those

188 .




. Machine

I\P] Y PR VN My Mg M, )
W, 12 3 6 - s. ‘!] o
W, 4 11— K
Worker . w. | & 2. e ¥ 7 s
. Cwe e 7 R 6 12 0|
W oS 9 4 6 J

. srgned‘?
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© 135 SUMMARY

In this unit :the'appllieation'_of a_ssignmeni models have been highlighted. The assignment
problem is aspecial type of transportation problem in whichatlocations are made on one to one
basis. Assignment of jobs to machines, workers to various talkg, salesman to territories are |
~ some of the examples of real life situations. Solution of a8jgnient problem enables us to
determine the one to one assignment of resources to as wilich optimises the appropriate

“objective furrcllon

136 KEY WORDS _______ ‘?~

Assignment Problem: The problem of a e n re'SOurecs 10 n activities in such a way that g
--only one resource is assigned to o Livit every _aclivity has a resource assigned 1o it, and' _
. the cost of completing all Jobs is ed. - _ o
: Balanced Assignritent Pmblem. An asmgnment problem in which the number 01 aelwrllu‘s IS
exactly equal-to the- number of TESQUICES. . : o

Hungarian Method Ah efficient soluuon procedure for the assrgnment problem Lhat was
developed by a Hungarian mathematician. . .

Unbalanced Assignment Problem: An asSignment problem where the numbcr of reso urces '
© - is not equal to the number of activities. -

13.7 SELF-ASSESSMENT EXERCISES

1 What is an a551gnment pmblem‘? Discuss its method of soiuuon Gwe 1wo apphcatlons in
managemenl '

2 Explam the drffercnee bctween a tranqportauon problem and an aGSIgnmenl problem

3 Ina textile sales cmponum four salesmen A, B, C and D are avallable 10 handle four -

189




_ counters W 'X’ Yand Z. Each salesman can handle any counter. The service tifie (in hours)
‘of each counter when manned by each salesman is given below: . .

Salesmen’

41 1 39 52
2 . 9., 49 - < S
©27 » 60 - 51|

Counlcrs : _ _ 2
- 5. s 4 s

NexE -

. How- should the salcsmen be asmgned to counters S0 as to mlmmlse the lotal ¢ _ice't_ime?' -
- _Each salmman should handle only one counter SR o

4 'A oomputer centre has three expert programmers. Thc cenire: needs three 'application'
programmes fo be developed The head of the computer oentre after carefully s: ludying ¢ thc
. programmes 16 be developed; estimates the compuier time (m mmutcs) requlred by the
o experls for the appllcanon ot‘ programmes as follcs .

100 80
90 T 10
Co o e

.Prn'grnm'l_lner' '

Assngn theprogrammers 10 the progmmmem suchaway thatthe total computertlme is l_e'ast__.'

-5 Flve salesmenare to bé asmgned to flve terrnorles Based on pastperformance the i’oll_'o_w'ing‘_' "

table shows the annual salm (m lhousand rupees) that can be: generated by each) sa'ﬂles'ma-n )
in each terrltory _ I

' Te'rfitori

o Tee Ty Ty Ty Ty

S; 2% 14 - Jo . 12 e |

. T P ) B Y A 300 e 16 .}
" Salesman | .S, 15 T R T S 30,

T S |17 2 30 35

Sy 20 a9 s 6. -~ 10

Find the optimal assignment to maximisé sales.




.6 Six salesmen are to-be allocated 10 5ix sales rchons so that the cost of allocatlon ot' the: ]ob_' S

w1llbcm1mmum Eachsalcsman1scapableofdo1nglhe ]obatdlfferemcosls mcachreglou i

Tho cost (m rupc&s) matrlx is gwen below

" Salesman

- 1 M. om. av vV VI

A s L3 .0 25 1l 48

o B 0. 5 -4 20 15, 20
Region c 25 - 0 10 65 s e

' D 25 0 073 .10 25 0 8]

E 0 W 40 s a0 0|

F 0. .. .25 0 3 40 - 50 15

i) Find the allocanon to. gwe minimum. cost What is the minimum-cost?

. 11) If the ﬁgures givenin the above table represem athe earnmg of each salesman atcat,h reglon '
then find an allocation so that the earnmg Wlll be maxnmum Also work out this maxrmum
possﬂ)le eammg ' : : : '

-7 The owner of a small machme shop has. four machlmsts 'wallablo to ass1gn 1o jObS for the .

i - .day. Five jobs are of{ercd wnh expcctcd proflt (mRs) for's ch machinist on each job _as'
' follows: : _ = NY -
* Machinist 2 " 7 . :: |
‘ ' 3 S m 8t
4 87 7 80

- Delermmc the assrgmnenl df machmlsts to ]obs lhatwnll result ina maxlmum proflt Whn;:h
.job should be declmed‘? : : . S

8 A company is faced wnh the problem of assxgnmg six dlffercm machmes to five dlffcrent
" jobs. JThc cosls are estlmalcd as follows (hundreds of rupees):” :

~ Jobs o

1 2 3 4 s
1 2.5 5 1 .6 U

P 2. 2 5 LS. 7 3
. Machines . . .3 3 6.5 2 8 3
- S 4. 3.5 7 2 9 - 45
5 4 T 3 97 &

6 6 9 ] 10 6

Solve the problem assuming that the objective is to minimise total cost. -
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9 At the end of thc cyclc of schedules a truckmg f1rm has a surplus Ofone vehlclc in each ofl
: the cities 1,2, 3 4 and 5.and a deficit of one vehicle in each of the cmes A B, C,D,E and

the cities w1th a dcl'1c1l are shown in'the followmg table

_."3 '!\'n'.:C'lty. .

A~ B ¢ D E ' F

1 N1 1 [ 167 23 - 1w 91}

S 2 4 = 195 260 - 166 - . 178 136
. From City 3 1290 . 7 487 .94 &6 . 100
.o 4 7T s6 0 92n L4314 136
5 97 . 13- 128 - 83 - .42 - g

Fmd 1hc ass.:gnment of surplus vehlcles 1o deflcn cities that w1ll result in a mm1mum totdl'
Costs Whlch Clly w1ll not recelve a vehlcle? S '

o 10 A flrm ‘wants 1o purchasc thrcc dlfft,rcnt typcs of equlpmcm and flvc manufacturers have

acu:pl morc than one machmc fmm any of the many aclurers The data relatmg to the pr;cr::

‘ManuFacturers

L Dctcﬁni-ne how bes't_lhe firm can purchasc thrée machines.
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| UNIT 14 PER T/CPM

o Ob_] ectives
- After studying this unit, you should be. able to:.
- @ appreciate problems involved in planmng, scheduhng and oontroll mg prolects

@ list and discuss the special terms devcloped for this unit, namely: actwrty, evenl, durnmy o
actrvuy, critical activity, slack, critical path and ﬂoat. : :

' 0 develop srmple network dlagrams with acitivities and events

@ 1dcnt1fy criticai path through the calcuiatron of the earllest expected trme and the latest
allowable time - ' . . - .

@ compute slack and ﬂoat . S
. .estimate the probabrlrty of completrng a pmJect by a oertam targct date

'Structure | - |
14.1 Introduction - R _. L
142 Network Analysis | EUR
14.3 Guidelines for Constructmg Network Dragrams
' 14.4 Deterministic Time Estimates - ' '
14.5 Developrng a Project Network

. 14.'_6 Project Duration- and Crmcal Path S .' S :
14.7 Forward Pass o . TN S '

‘148 Backward Pass - - - ?;
|-149 -Float - T _ -

14.10 Probabrhstrc Time Estlmates . e
: 14 11 Probabtllty of Prolect Co @ ";l by a Target Date

: 14 12 Summary : L T
 14.13KeyWords .

' 14. 14 Self-assessment Exerclses R . R : _
14.15 Fur[hg,r Rcadmgs ’ . S o : i = L .

' 14 1 INTRODUCTION

i Program Evaluation and Rcv1ew Technlque or PERT and Cntlcal path Method or CPM are two S
of the most widely used techmques in project management .The objectlves of pI‘O_] ect .
management can be described in terms of a successful prOJect which has been finished-on time,

- within the budgeted costand to technical spccrflcatlons whlch satisfy the end users. A pro;ect' _

is any human undertaking with a clear beglnmng and a clear cncllng Planmng, schedullng and -

controlhng the work during any worth-while project is the main task for any project manager o

| Projectplanmng calls for detailing the: pro jectinto activities, estunatmg resource requiréments
and time for each actmty, and deecnbrng activity mter—relatlonshlps Scheduhng requrres the
: detallsofstartmgandoompletrondates foreachactivity. Controlrequrreb notonlycurrentstatus"-. '
information but rnsrght into possrble trade- offs when drffrcultles arlse Normally for any .
prolect, we may be 1ntcrested in answenng questrons such as .. o o '
| : L
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The above network d1a gram is incorrect because it breaks the rulc of assigning umlquc numbers-
1o each activity for the purpose of identification. The following network d:agram demonstrates
the principle of using a dummy actmty for ovcrcommg the problcm of parallel aCIIVIIlCS w1th
identical start and fmlsh events. : 1 :

Fizure |

Thereforc a dummy act1v1ty is created to make activities w1th common startmg énd fmlshmg

évents: distmgmshablc and also to 1dentlfy and mamtam the proper prcocdenoe relatlonshlp
betwcen actlwtles A

14, 3 GUIDELINES FOR CONSTRUC ON NETWORK ‘
DIAGRAM

1 Each activity is repres'ented by one and onl'row in the nctwork Therefqre no smglc
actlwty ¢an be represented twice in the net L

2 No two activities can be identified by 11 begmmng and cnd cvcnls In sluch cases a
dummy activity is introduced t olv he problem. - :

3 Twoevents are numbered in s

after the event of a lowe ber I completed.

4 Dangling must be avoide ctwork dlagrarn This happens whcn preccdonoe and 1ntor-',. .
relattonshlps of the activitics are not properiy 1dent1f1ed :

5 To ensure the correct loglcal sequence and mtor-relatlonshlps one has to answer thc
followmg questions sat:sfactorlly :

i) Whichactivities precede this activity? This is, what other act1v1t1cs must be cbmplc‘téd
- before this activity can be started?

11) Which aclivities follow this act1v1ty” Or what actmtlos cannot be started unul thls
- activity is completed‘? : S

iii) Whtch activities can take place concurremly with thls actmty'? Or what acuvmes can
be workcd on at thc same. tlme whcn thls one 1s bemg performed'? _

14.4 DETERMINISTRIC TIME ESTIMATES

The main determmam of the way PERT and CPM networks are analyscd and 1é1terpretcd is:
whether aolmty time esuma tes are deterministic or probabilistic. If time estimates Fzm be made -
with ahighdegree of oonfldcnce so that actial time will not differ mgmﬁcam] y from estimates,
we say the time estimates are determmlstlc On the other hand if estirnated umes are subjcct
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to variation, we say the fime estimates are probabilistic. First, we shall describe the analysis of
network with deterministic time estimates and at alater stage with probabilistic time cstimates.’

14.5 DEVELOPING A PROJECT NETW.ORK i

Network of PERT/CPM consist of two basic elements: activities and events. The network
clearly shows the sequence and inter- relatibnqhips of all activities in the project. To illustrate
how a project network can be developed, let us consider an example where a project involves
scvcral activities which are listed in the followmg table along with their predecessor activities:

Tae |

Avtvity . i ’1'6&:‘(1‘3&1 no . |
: ' Avtivity

A

i —

¢ A

] 1Y

Fipure 1§ O
NI

All the activities associated with the project can be combined into an integrated network of .
‘events and activities as shown in the following network diagram. '

The above network diagram gives the complete description of the project. For example
activities A and B have no predecuésor activities, they can begin immediately and are %hown
coming outatthe startevent 1. You may observe that acitivity G has two predecessor actlwucs
Dand E. Smularly othcr rCldtIOH‘ihlpS are also satisfied. -

Activity A . _ _ _
A car manufacturing company has decided to redesign its fuel pump for their new car model.
This project involves several activitics which are listed in the following table. First activity is
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that the engmcermg dcpartmenl must finish the deSLgn of fuel pump.-Secend, the marketmg
department must develop the marketing strategy for its promotion. Third; a new. mdnuf'lcturmg
process must be designed. Fourth, advertising media must be selected, Fifth, an initial
production run must be completed. Finally, the fuel pump must be released (o the markel.
. _ |
|

Activity Description of activity . Predecessor Time eslimate’
. S Activity (weeks) |
A Finish the design of fuel pump — S5
B Davelop marketing strategy - A 4
C Design manufacturing process A -7
&) Select advertising media ;! 8 |
E Initial production run C 9 |
F Release fuel pump to market . 'D_. E 4
Draw a network diagram for the given project. . |
3 N : . . |
i
. | )
|
. _ » . . |
14,6 PROJECT DURAT AND CRITICAL PATH |
The longest path in the net is called the critical path, Indentifying the critical path is of
great importance as it deter e duration of the entire project. Ifany activity on the critical

‘path is delayed, then the entire pmjcct will be delayed. Every network has a critical path. It is
possible to have multiple critical paths if there are ties among the longest paths. For finding the
project duration and critical path, let us consider the example discussed earlier (Table 1). Fm '
this example, the time estimates (in weeks) for each activity arc as shown in Table 2.
o : : |
|

Fable 2 o |
- Activiiy _ Predecessor ) Time esiimares

Co aclivity o - {weeks) |
A - ' 4 _ |
B - 3 '
C A 2
D A 7 |
E B & |
F S C 4
G D,k 2

|

: .

[n this network diagram, the time estimates (wccks) are spem[ ied inside the bnckel along with
the activity as shown below: :
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" Figure 1}
@

- There are three possible paths for this network. For this simple network, the critical path is found

by enumerating all of the possible paths fo the completion time. These paths are listed below
in 'I'able 3

" Table 3

Path _ " Length of time \ 3y
) ASCF . 4+2+44 = 10 weeks
i) ASD=G C4HT42 = 13 weeks

. i) BOESG 3+6+2 = 11 weeks

The second path (A D ~>G) is the cri@ﬂh because itrequires the longest period of time
0jeth F

i.e. 13 weeks for completion of thgepr or this' network; the project duration time w
complete the project is 13 weeks. ivities on the critical path are calied critical activities

because a delay in any of these resuli¥in a delay of the entire project. In othcr_words, there is

no slack time in the activities on the critical path. Slack time is defined as the latest time an
activity can be completed without delaying the project minus the-earliest time the activity can

‘be completed. Therefore slack time is the amount of time an activity can be delaycd without

delaymg the entire pro;ect

For this small network, it is a simple process to identify the critical path by comparing all

. possible paths. As the number of activities increases, it may become very difficult and time
- consuming to find the critical path by complete enumeration or inspection. Therefore we need
‘to develop-an algorithm (a sysiematic approach) to determine the critical path. The critical path

calculations proceed in two phases. The first phase or forward pass begins from left to right
through the network. The calcuation begins at the start event and moves towards the end event
of the project network. The second phase orbackward pass begins from right to left through the
network. In this phase, the calculation begins from the end cvent and moves backward to the
start event. :
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14 7 FORWARD PASS (EARLIEST EXPECTED TIME)

: ln forward pass, we compute the earliest tlme an event can be expected 0 occur Iwhlch in turn
_depends upon the latest completion time of an activity lermmatmg at that pomt Thus the
~ longest path, in terms of duration times, is the earliest expected time for that event to oceur.

* During the forward calculaucns we need to compute the earliest expcctcd time {ET) for each
of the evems Wthh can be calculated as fcllows -

| .ETj"'Max (ETi'_+' ij)__ . . ) S d_ \ ._ | I .

o ET = the earllest expected time of event j . E _
o ET = the earfiest expected time that an acuvny can be started leadzhg to event _| "

B d, .=_' duratlon time of an acnvny from event i to evcnl | AR | '

|

=Let us use thxs ocmputatlonal procedure o determme the earllcst expected time fqr each event -
for the network diagram shown in figure II1. The use of this procedure suggests lhqt the earliest :
: expected time for a given event is primarily a furiction Of\the previous cvents plus the acnvny L
times of all pr1or activities, Apply ing this procedur@t :

ET 0(startmg event set at zero) O o .- c :
ET,=ET,+d,,=0+4=4 - - o
. ETa._r: ET1,+d1.3-=0_.+ 3:3 ? '._ ; R : . o | -
ET, =ET, +d,,=4+2= A o

ET, = Max [ET, +d,,,
 =Max[i1,9 = )
CET,=Max [ET, +d,, ] Max[6+4 11+2] o I
' . PMax1013 —13 T A |

D

- 'Max = Maximum (of)

_Note that the end event 6 occurs at thie end of13 weeks AU

_ "1’4.8 BACKWARD PASS (LATEST -ALLOWABLE' TI-ME)- |
In Backward Pass we compute the latest allowable time (LT) The LT for an event s the latest .
time that ihe event can be delayed wuhout delaying the’complétion of the entire roject. The
_procedure we use in computing LT is to start from the end event of the network and proceeding -
‘backward to thestarting ¢vent. The latest allcwable completlcn time (LT) fora gnlren eventis -
~ calculated by subtracting the duration times of all activities coming into the eve?t In cases
where two ormore activities start from an'event, we must select the smaller of LT Yalues The
.LT value for an evcnt ina network can be calculated as f‘aHOWS

LT Mm (LT d)
where '



LT = the latest allowable trme of eventr B ' -

_ LT the latest allowable time of event i toward which actwrty (i, §) is hcaded
dj- = duration time of an actlvlty from event i to event ]
Mln Mlmmum (00 '

Lct us usé this proocdurc to determmc thc LT value for each event in the network shown in
\Figure III. To fmd LTvahes we begm attheend event of the network. Thc expected completion
}/ o |t1me t'or the projectrs 13 weeks. '

. Inour example, since event 6 is project completion, it must occur no later than 13 weeks orelse
the pmject will be completed later than expected. Therefore for the end event ET=LT= 13
weeks; Thc computatlon of other LT values are' shown below:

- | LT, =13
o LT, =LT,-d, =13-2=11
~ LT, =LT,-d, =13-4=9
LT,=LT,-d,;=11-6=5
LT, = Min [LT, - d,,, LT, - d ]

| -~ =Min[9-2,11-7]=Min|[7, 4] = 4 |
| - LT, =Min{LT,-d_,LT,-d)] | 0
© | =Min[44,5-3]=Min[0,2]=0 =

It should be noted here that, by deflmtlon, at the begr @Aa oint of the network (i.e. event 1), |
we must have ET, = LT, = 0. e :

path. These values of ET and LT are iis ‘each evént in Figure IV, If the values of ET :
and LT of an event are equal, then sugh an eVent is rcferred to as the critical event. If the values
of ET and LT of an event are rot en such an event is referred 10 as’ noncrmcal events.

.Onop lhe.values of ETand LT forall the cvez are tcrrh’i‘r‘rcd wecaneasily ident’ify the critical |

Co ‘Figure IV
ET=4 .
 bT=4

AN

Crlllcal actlvmes can also be identified from the project network dlagram A critical activity is
" an activity which j _]OII'IS two critical events and has 2 duration which equals the difference
between the times of these crmcal events. Acrltlcal path conSISts only of such activities. Il may
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be po;nted out agam that critical activities are 1mportant because 1f they exceed ﬂ'r‘|lCll' estimated
durations, the whole prOJect w1l] be delaycd to that extent. - |

An event that is not critical is said to have slack. Slack is the calculated time span within which
the event must occur. The term slack is used only for re femng to events.

AS youwould expect, every event on the critical path has no slack time. The critical path is
shown by thick lines in Figure IV, The importance of idéntifying the critical path 1‘ thatit peints
out those activitics and events which are critical and, as such, must be carefull y monitored and

' .eontrclled

Actmty B : : ' ' o

‘Consider the data of activity A. Compute the earliest expected time and latest allowable time
. for the events inthe given pm]er‘t Also determine the critical path andslack time. Ilmerpret your
slack time values.

T T T L L AL R I R T R
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149 FLOAT. =~ = ?\ |
The concept of float is of great i\%e for a project manager. It is the time available for an
activity in addition to its .dywati e. Since both start and end events of an delivity have
earhest and Jatest limes, an has four assiciated times. Thus, there are four poss1ble typﬁo

of-float but in praet1ee only th¥ee of these are ubed

Totalfloat: Thxs is the tlme by whichan activity may be delayed orextended without affeetmp
the total Pproject duratlon This is computed as follow: ]
|

. TE,=LT,-ET, - d :
'whereTF = total float for activity (i, ]) _
_l___Tj_ latest allowable time for event j ST ' i
ET, = earliest expected time for event i '
d, = the time duration for activity (i, j)
Free float: This is the time by Wthh an actwlty may be deldyed or extended without delaymg
the start of any suceeedmg ac[mty Thls is calculated as follows: | '

FFETETdII S L |
where FF, = free float for activity (i, _]) ' ' '
ET = the earliest expected time for event j
ET = the eali iest expected time for event i
dij = the time duration for activily (1 oo _ ' |




Independent ﬂoat This is the tlme by whlch an activny may be delayed or cxtendcd w1thout |
affectmg the prcccdmg or succeedmg actlvmes in any way ThlS is obtalncd as follows -

IF ET LT, - d
whcre R - o
IE, = independem l'loat for activity (i, j)
ET, = the carlicst expected time for event j '
LT, = the latest allowable time for eventi-
(:lij = the tim¢ duratlon for activity (1 _])

Actlv:ty C o
Compute total float, free ﬂoat and mdependent float from the results you obtamed Actmty B:

_14 10 PROBABILISTIC TIME ESTIMA’I@

Uplll now, we have discussed cases wherc the ac duration umes were known with
- certainty. It is obvious that for most projects thgse acti™¢{f times are randof variables: PERT B
is more effective in handling cases in which ac?ﬁu_ration times are unceriain. The PERT ,

- technique makes the following basm ass tons: P o o
1 . Activity times are statlstlcally indepe ntand usually associated witha ‘beta dlStrlbllthIl
2 There are enough activities i in the network that the totals of actmty tlmCS based

on their means and vananoes wilVbe normally distributed.

3. The three estimates of the actmty durauon can be obtained for each actmty

" The three time estimates are referred to as
i)  Optimistic estimate denoted bya
i)’ Most likely estimate denoted by m.
iiiy Pessimistic time estlmate denoted by b

‘The useful property of the beta dlstnbulxon is that ifwe know the three time estimates (a, m and
b) for an activity, we can compuite mean or expected duration time (t ) and the variance’ of
_duration ( e 2 Yas follows ; : :

_at4m+b ?hd"tf' - t_’éi_ :

The shape of the beta dlstrlbutlon is skewed It can either be skewed left or: skewcd nght The :
followmg flgure cleplcts a beta distribution Wthh is skeward to the right :
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Figure ¥

Probability’
~ . ’ |
!
Pessimistic =~
_ i N |
Optimistic _ Mast 1 : _ . Aclivily time

likely -

To demonstrate the use of PERT, let us continue with the same cxamp]e. Instead of activity -
times to be known with certainty, let the three lime estimaies be as shown in Table 4.

Table 4
- 'p,-edeceSSO" M imates (weeks) . )
Activity activity . Opuml ost likely Pessimistic -

m : b
A - 2 V 3 10
B - ' N2 3 4
c A 1 2 3
D A 4 . 6 i4
E B 4 5 12
F C 3 : 4 5
G 1 I 7

In order o find the critical pa% we need to determine the mean or 'expcctcd duration for each
‘activity. Once this is done, the procedures you have already learnt can be dppllcd to find critical
path The expectf-d time (t ), is shown in Tablc 5:

Tahle 5
Activity Predecess:or . ) Tinte {wegks] . . _[‘3‘:
acivity a m - b (a+4m+b) 6
A — 2 k| 10 4
B — 2 3 4 _3_
C A 1 2 3 2.
D A 4 6 14 7
E B 4 5 iz 6
F C 3 4 5 4!
G D, E 1 ] 7 2

Note that the cxpected time (t ) for each activity turned out to be the same as th Ija smgle time
a

estimate used carlier in this example. Obwously no coincidence, lhlS was mtcnuo Ily done for
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the 'sake of s1mpllcxty The calculanons l'or standard de\rlauon and vanance are shown in

Table 6 _
Table 6_
: " Expected (mean) . Standard R
Activity . time () -deviation . Variance.
6 . [ BN
Ar 4 T B6=4/3 . : 16/9
"B 3. L 26=1/3 o S Pk
. C 2 2/6=1/3 _ 1/9
D* 7 T 10/6=5/3 . 25/9
E 6 8/6=4/3 16/9
F 4 2/6=1/3 i 1/9 _
Gt 2 .

6/6=1 . .

‘lecal activity

‘The distribution of each activity complellon time is. normally distributed. Thus, the expected
aclivity times for critical activities are‘also normally distributed. The following table shows the
- critical activities along with expected time (1,), stantlard deviation (t,) and variance (t°).

b

Table 7

. . -
Critical . . expected o . -standard _ \-":lr‘laﬂc;.‘ )
©acivity ~time (01g) : deviation (D) (O ok
A - 4. o 1679 .

D S 7 2509

G : 2 v

: - -
ot =13 X e 5009

d.[e' .».-.*JE;O’

14.11 PROBABILITY o%oJECT COMPLETION BYA
TARGETDATE --

'Sometlmes the management would also like to know lhe probablllty of Lomp]ctmg the project
bya partlcular date. Let us assume that in ourexample we are rcqmred I complclc lhc pl’OjBCt
within 11 weeks. : :

We know lhdt thc c;\pcclcd actlvny tlmes for Ll'lllCdl aLlIVIIICS are altso normally dlstrlbuled '
{central ]lmn thwmm) :

Therefore in order to find the probability ofpro;ccl complctlon by a target dalc we can use the
followmg formula; : .
- X.— '[e
L=-—
O le

where . X = tdrget project completion tinie
te = expected project completion time
. :rle— slandard deviation of actmnes on thc critical path
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1n our example expected activity times [ollow a normat distribution with mean fimedte =13
~ weeks and standard deviation te = 2357 wccks The target due date is11 wee . Using the
formula we get ' '
11-13 : ' ‘
Z = ——— = - 0.85 ' Co
2.357 :

- We can find the probabilily to any value of Z l’rd‘-m the standard normal distribution table. The
. probability for the value of Z =-0.85.is 0.8023. Since Z = - 0.85, we musi subtract 0.8023 from
~ 1.0. Thus we obtain 1-0.8023 = 0.1977. Therefore the rcqu1rcd probability of gompletmg the
pro_lect within 1 1 wccks is 0.1977 or 19.77 per cent. '

- Suppose now we are mteresled in finding Lhe probahlllty of completing the pIOJCCI in 16 weeks.
-"Agam using the formula, we get :
16-13

z= "7 -2 - -
2357 o S | |

Thus the probability of cbmplcling the project is 0.8980 or 89.8 per cent, T

Activity D : .
- Consider a project having the following activities a@ associated time estimates.

Activity Bredecessor . Time (days} .
: activity- - Opfimistic Most likely Pessimistie

A - T2 ' 4 e
B - A 8 ' 12 t6 -
C 14 . BT 0
D g 4 : 0 (1 O 1
E B, 6 12 18
F- E 6 . g I
G D 18- 18 |+
H |

F,G - 8 TS 2

" a)  Draw the project network diagram . ‘

)] Idemlfy the critical path and compute the expected project completlon time,
¢}~ What is the probability that the project will be completed on or-before 55 days?
d)  Whatis the probability that the project will be completed after 70 days?

.............................................................................
.........................................................................

...........................................................................




14 12 SUMMARY

of the critical path is the shortest time allowable for p

) Dummy actwlty. Dummy activity is an acttvtty wh
.~ is used in network to show logical links betw er real aciivities:

PERT/CPM isanetwork techmque that is very useful to a project mana ger throughout all phases .
of a project. An- understandmg of events and activities and an apprecnatlon of the inter-

. -relationships between them are necessary before a network for the project can be constructed..
- Anetwork can provndc information such as earliest expected time, latest allowable time, slack

and critical path. Activity times may be. determ:mshc or pl’ObablllSth in nature. PERT

" introduces probabilitic aspects to the project network. It uses three time estimates: Optimistic,
~ most likely, and pessimistic. The random eharacterlstlcs of activity times are considered {o-
_ lfollow beta distribution. The use of normal distribution assists the manager in determining the-

probability of pr()ject completlon within a certam SpeCIfled tlme period.

"14.13 KEYWORDS B

Actmty- A cIearly definiable portion of a prolect that requlres for its oompletlon, the .
-consumption of resources, and time in particular.

Critical aetmty. An acuv:ty becomes critical, if delay in its estlmated time duratlon delays '

the whole prolect to that extent.

Critical path Thelongestpath through the network, CO[lSlb ritical activitlesl."I‘he length

gct completton -
.u'v not consume resouroe or t:me It

Event:. An event represents a specific ' p hment in the pl'OjeCt and takes place at a

. particular mstant of time and therefore dggt conSume TESOUICES OT fime.

_ Earliest expected time: The eatlj e that an event can occur is on: the latest oomplehon :
- of an activity. . - : - e

Float: It is the amount of time available for an actmty in addmon to its durauon nme Float

" is'computed in relation to actmty -

Latest allowable time: The latesi time that the evcnt can be delayed wnthout delaymg the
completton of the entire project. SR : :

~ Siack: The amount of time by Wthh the start of an activity may be delayed without affectmg

the overall- duratlon of the pm]ect Slack is oomputed in relatton to events

4

1414 SELF ASSESSMENT EXERCISES

1 'How does network analysns help in large eomplex prcje:,ts‘?
2 What purpose in served by mcludlng dummy ac1t1v1t1es in network dlagram"

'3 Explain PERT and its importance in network analy51s What are the requtremenls for -

- applications of PERT techmques‘? : : :
4 Tlustrate with example% the essential difference betwcen PERT and CPM technlques-. .
5 Find¢ critical path method and pl’O_]eci durauon for the followmg project network

Cagy




6 For proocssmg a ]ob ata data-proccssmg ccntre certam steps need 10 be takc These jobs |

- can be dcscrlbed as follows

et

! S Job Descn]mon o o N/ Immediate  Time (hinutes).
o _ . o : ‘Prédecessors” -, o,
AL Desngn ﬂowchart and write fonrants. .- '.b" R
"B ‘Panch control cards - ) T A IR | B
'C" " Punch comment cards ' S AT o
_ D Punch programme cards : ' A b
© < E -~ Gbtainbrown foide, S T B,C. D o
B ‘F - . Put deck together y .- : BC,D i
G Submitdeck _ S . E, 10

Draw a critical-path dr'r&gram and indicate the critical path, What is the minimum
tlmerequlrcd forcomplcuon‘? o e
11) What is. the free [loat of _|0b cr |

B 7 Draw 1he arrow d:agram ldenufy the critlcal path and oomputc fotal and freé ﬂoats for.
B the actlvmes in the pm]cct of plannmg a rural pnped-water supply. =~ . '_ .

Actlv:ty Activity SO o lmmedgate_ . Expected -
1dgm|ﬁc_auo_n description .. . 7 - predecessor(s) duranon {weeks)
S a - Excavation of well . . ' — | B._ o

. b Cotlection of 10% popular contrlbunou o _ . a . ) !9
o c Complenon of well© - - b : i
d Detaited plans of supply sys(em ' T a I ?S
e Pump house construction ~ - - S ed s g
B Standpost construction _ o e I
‘e Constructmn of reser\rotr . o oo d -;-4 .
e Laying of pipelines- .~ - S e g s
i i4

Roadside taps - L bt .




8 A proleut LOl‘ﬂpl’lSLb elght mdependem activi llcs Dia gram the pro;ectand 1dcnt1{y its crmcal
path. What s the expected time to complete the project? Calculate the total and free floa1s
for non critical acnvmes “What is the probablllly of completmg the project in 20 wccks or

' less? Txme csumates (in weeks) arc as follows where a = most Opllmlstlc time, m= - most
likely tlme b= moql pcemmﬁtlc time. :

Activity . Predecessor.” a e m . b
o Activities ' ' ' B

A — 1 3 s

B = C 2 3 4

C - 3, T4 5
D A 2 9 " 19
E - C 4 3 6

. F B, E .3 6 13
G A, 2 4 6
H C 1 3. 6
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BLOCK 5 MANAGEMENT
INFORMATION SYSTEM

- This block compr_ises of three unjits.

~. Unit 15 describes the evolution of MIS ina way; lcading' to fair underStandin.g of its stalus in . .~

_the orgamsanon I also explains different framéworks for effectwc creation and successful
: 1mplcmcntallon of MIS lhrough adcquatc 1nvolvcrncnt and proper development of the system .
and SklIlS within avallable 1esources.. : = -

" Unit 16 deals with ba31c 1ngrcdrcnts of MIS i c data and 1nformauon processmg, along w1th :
a historical perspectwc It presénts a brief account of Data life cycle leading to information
_ through processing or. mampuiatlon The concepts cost value and qualny have been dlscussecl .
under !nformatlon Economics, C

' Thelastunitdeals wlth the systems view of 1nformat10n and 1. Stru_ct_ufc and designing
ration of the organisation-

: 'of a.desirable MIS has been discussed, to facilitate thc intern:
“and mformanon flow therein. ~ .







UNrT 15 AN MIS PERSPECTIVE

Obj. ectives L
 After going through this unit, you should be able to: _ :
- @ - understand the main features of a Management Informatlon System (MIS)
@ havean idea about the development of MIS and its present status in the organisations
® apprecmte dlfferent v1ewp01nts regardi ing applications of MIS. in organisauons

. Structure _ _

'15.1 Management Informatlon Systems An Introducuon

- 15.2 Historical Background T

153 Status of MIS in Organisations Lo
154 Framework for Understanclmg Management Informatron Systems
“15:5 Summary : _ o ' '
156 ‘Self-assossment Exercrses '

15 '? Further Readmgs

15 1 MANAGEMENT INFORMATION SY: T
AN INTRODUCTION R

o The sub]ect ofmanagemcnt 1nlormat10n systems evokaons ona wide speetmm rangmg S
' from disdain.to rapture It would be no exaggerat say that few areas of management have .
~ stirred more acrimonious debate. A largepart ok the controvers,y, however, is a matter of

- semantics. It borls down to sharply dl gailotions of what constitutes a Management

‘Information System. Somc people hgae usedhe term to describe systems in which a manager
has instantaneous access to detarl@s_of information regarding the entire organisation.

Some see it merely as an appendageNd the accounting system which blends into the usual -
financial type: of summary statemenis. Usage of the term somelimes includes any information -

‘processed by computers. Definitions thatare most useful i in practice are those which emphasrse :

the use that is made of the information prov1ded by an MIS ratht,r than the technology or

methodology employed in colleetmg and disseminating the information. We will, therefore,
adoptthe following defrmtlon which close!y parallels those gwen by Kanter (1) and Davis (2}.

A Management Informatlon System is ‘an’ mt(,gratcd man- -machine system that provides '

R mformatron to support the planning and control functrons of managers inan orgamsatton

o ___Let us makc a [ew remarks in elabor_atton of lhlS defrm_t__ro_n:‘ '

" 1) . The.output of an MIS is information that subserves managerial functions. If a system
~provides information to persons whoare ot managers we will notconsider itas partof an MIS;
Forexample, an orgamsatron often processes a fot of data whichit is. requmed by law to furnish * -
{o-various govemment regulatory agencies. Sucha systcm while it.may have mterfaces with

an MIS; wouid not be a part of it. Instances. of such systems. are safary disclosures and excise.

duty statements By e same token 10 sophrsucated computep-arded dcsrgn system for '
engmeermg purposes would also not bea part of an MIS S e




2) _"‘- An MIS deals wrth mformauon thal is: systematrcally and routrnely l:ollected in.
* accordance with a well- defined set of rules. This implies that an MIS is a pait of the formal
_ information network in an organisation. Information that has major managerjal planning -

- srgnrfrcance is sometimes collected at golf courses. Such information is not art of MIS,
‘however. ©One-shot market research data collectedtogauge the potential ofa new product does _

) " not come within the scope of an MIS by our definition because although such: 1nfo matron may
 be very systematrcally collected it is not eollected ona rcgular basrs

3) " The mformatron provrded by an MIS. assrsls managers o make plannmg and control -
- decjsions. Let us clanfy what we mean by planning and contiol. Bvery organisation in order
0 functron must perform certain operations. For example a car manufacturer haE to perform
_ certain manufacturing activities, a wholesaler: has 10 receive and drspatch goods a murucrpal '
: corporatroh has to provide water to its area of j!.ll'lSdlCI.lOIl All these are operations that need -
1o be done. In addition to perfonnmg these operatrons an organwauon must make plans for
“them. In other words it must decide on how many and-what type of cars 10 make next month
~ or what commissions to offer retailers or what pumpmg stations fo instal i in the next five years."

Alsoan orgamsatron must control the operations in the light of the plans: and targets developed - -

in the planning process. The car manufacturer must know if manufactunng operatrons are in
line with the targets and if not, he must make decisions to correct the deviation or revise his.
o plans. Similarly the wholesaler will.want to know the imipacts that his commissions have had
‘on sales anid make décisions o correct advers_e trends \CheMmunicipal corporation will need to
) ri ' wifS'Will execute the pumping station plans. The -
" diagram below depicts the relationship betwedg opgrations, planning and control. .

Figure I : Relatiopshi

| " Need for Revision of plans .

- ¥ Planning -

-Plans &Tarwii o

Carrecuvc
'\L Actlons

* Cperations "~ -

-

o By our def' nition ; an MIS is oonoemed wrth planmng and oontrol Often there are-_el.el)_oréte_ ,
: systems for mformatlon that assists operanons For example, the car manufacturer will havea -

Performance information . | . 0 0

- system for provrdmg information to-the workers on the shop floor about the job that needs to ., o
be done ona particular batch of material. There may be route sheets which accom arly therate.

' matenals and oomponems in’ their movemcnt through varrous malchmes Thrs system perse..

‘provrdes only information to support operatrons It has no managenal decrsron-makmp_ Coe

[P

S . L e




slgmflcance It is not part of an MIS lf however the systcm does provrde 1nformatlon on

- productivity, machine uullsauon or rejectron rates, l;hen we would say that the system is part "

of an MIS

f -

To take another example the wholesaler may have a computer system to send out bﬂls to his -

retailers. If this was all that the system did, it would only be supporting operations. 1f, however
the systemuses the bills to produce information onsales, profitability and retailer performanoe
. it would qualify under our definition as part of an MIS. We will see that often systems thal

provide information on operations can be the basis for information for planning and control. -
" However, we must be careful io realise that in and of themselves they are not management- '

mformatlon system no matier how sophlsticated the technology employed

‘4). . An MIS includes all the mgred1ents thatare employed in providing mformatlon support
10 managers in making planning and contrel decisions. Managers often use historical data on

* anorganisation's activities as well as current status data to make planning and control decisions.

- Such data comes from a data base which is contained in files (paper or electronic) maintained .

by the organisation. Th1s data base is an essential component of an MIS, Manual procedures
that are used to coliectand process information and computer hardware are obvtous mgredlent.s '

~_ofan MIS. Less obvious, but equally 1mportar1t are the computer programme used to process

information, and operatlons research models employed to marshali the data to provrde highly
; prooessed information to suppot decisions. Thesd also form paQfthe MIS, Insummary, when
‘we say thal "an MIS is an integrated man-machine syste__m ih ides information {0 support’

which: _ o

@  subserves managerial functions N

®  collects information systematically,and %&ly

o 'suppo,rts planning and control d '

° includes files, hardware, sofjmgare a opera tlons research models

15.2 HISTORICAL BACK! ROUND

Having clarified what we mean by an MIS let us examine its historical roots. Surprisingly,

' Management Information Systems are in fact as old as the oldest writings in the world. The
oldest évidence of writing by man discovered so far consists of clay tablets excavated at Sumer
in Mesopotamia and dated approximately 3000 B.C. These contain records.from an inventory |
system carrying information on receipts and issues made to individuals from a temple grain., .
store. In fact, many historians believe that writing arose in response to the need for such

- .management information. For example, W.H. McNeill, Chairman of the Department of Hlstory

“at the University of Chlcago says: .

" At first, Sumerian priests used wntmg mamly to record deposits and wnhdrawals from
temple store houses. A pers1stent problem here was how to find ways tq record the names of
" the men who engaged in these transactions. Eventually the eftort to record individual men's
names in recognizable form mduced the priests (o resort 10 equivalences between syllables
-in men's names and the sound of some easily pictured word. Then by deve],opmg enough
standard syllable p1ctures the scnbes would easrly learn to record all the sounds of ordmary
speech " oo o !
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.the planmng and control functions of managers in. an@isation-. we mean that itis a system
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"It seems probable tnat aII known forms of wntmg derrve drrectly or mclrrectly from the
Sumerlan invention." : : L :

But why is MIS a subject of gleat interest today" There are two prmcrpal reasons for tlns

Firstly, organlsatrons have grown in oomplexrty to.levels which are unpreccdented and

*_ inforiationplays a vital role in holdmg together ancl ooordmatmg organrsatrons Information o
-~ is the mortar thatholds together the edifice of the modern multi- division, multi-location, multi-

product organisations. The role of the management mformatlon system is very srmrlar LY that'

- ‘of the nervous- system iranimals. . =~ = S .

| One notroes that with evolution of creatures of greater structural complexrty and functronal :

specralrsatlon, the: nervous system too grows greatly and becomes critical in the's urvrvai of the . . '
animal. It is said that one of the reasons for the extinction of dmo:«}aurq was the poor capability -

of their nervous system atlow temperatures One has only to imagine an orgamsatron in which
-one department say productron, does "not speak to' another department say. |marketmg, to_l

realise the fundamental 1mportance of information .in coordmatmg the acfivities of an - N
'orgamsatron Indeed managementrs notlnng if it is not coordmatron and control. Despite this .
fact it has only been lately that management has paid any expllcuattenuon to rts ‘information - .

processes.- ‘Until recently mformatlon occupied the status that oxygen did before lavousrer s'
dtscovery of the gas- -it was both vital and unreoogms

. The second reason is the advent of the computer. COwgpubrs .a_r_e'able o both acoess and'reoo'rd

information and' pcrform ca_lculatrons at_s pepd
(1960 vintage) computers can access info
~ second from magnetic tape which woulgy
anaverage sized book inone mmute'
of a whiz kid. It can do about 5

it a rate higher than 20,000Icharacters. per

‘times in nanoseconds. A ' Jsgcond is the time taken by lrght travelling at 185 000 miles per

" hour to move a distance of @ oot! But it is not only the speed of computers' but rather the |
- reduced costofinformation handlmg made possrble withcomputers | thathas launched them i into’

the managément environment. It is a striking fact of oomputer technology that between its

‘arrivalon the management scenie in the mid fifties and today, the cost of mforrnat:ron prooessmg:

: (for arrthmeuc aswell as filing and retrieval) has decreased by atleast two ordem of magnitude.

- Itis asif the cost of an airplane ticket from Bombay fo New York had droppedl from $ 800 to
about $ 8in 20 yearst Or the cost of the average automobrle had dropped frornl Rs 20, 0(}0 to

* Rs. 200. . |
- It'is clear that the sort of tehnologrcal envrronment provrdes a challenge 0 managcmeut

' Tradltlonally managementhacltothmkof managing four resources: momney, materrals menand -

~ machines. [tmustadd a fifth resource to this list, namely mformatron In fact, some researchers

. in management have gone so far as to defme a manager as a translator (n‘ansduoer) of _
. mformatron mto decrsrons - : : '

153 STATUS OF MISIN ORGANISATIONS N

. _Tradmonally management mformatron systems have not really been desrgned at alt They are - _
the end product ofa process in whrch manual systems are automatecl ina precemeal fashlon._-“
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hicl are almost unbelievable. Even older'

rrespond to reading and writing about 400 pages of -
Wcomes to calculation, the computer is even more .~
mi _pllcattons in one second' These figures are not for
“unusual computers but for very est-sized older models “More recent computers have add' -



Thc Lhmue ot appllcatlon‘«; is ldrgcly dnctated by what smular compamcs are domg wnth
computers or-¢ls¢ such areas are taken up ‘where the opcratloml problems are most visible.

Generally what may be called as MIS is nothing buta limitéd: analysis of data captured through
routine data prOCF‘SSlng appllcatlons Thus.analysis of invoice data leads 10 a sales- analysis '

system in which rcg10n~w1:,c ‘outlet-wise, producl—w1sc sales is reported periodically. Simi- - N

larlya few reports on overstocked, or out nf smck 1lems from the stores at.coummg data pa'-*.s
'for an mventory control 5yblem : : - '

Such appllcdtlons may result in bcneflls whlch 0utwc1ght costs of Lompulcrlsauon in a
marglndl way. However, this does not repruscnt a use of compuiters Wthh w1ll have the '
maxnnum pay off for the orgamsatmn : '

15.4 FRAMEWORK FOR UNDERSTANDING MANAGEMENT
INFORMATION SYSTEMS

“The mformahon processes inan orgdmsatmn ar. labyrlnthlnc and wuhout some ovcrall map to’

. gulde our steps in studying them we should soon be lost in a'mass of unstructured detail. Such
. maps are prowclecl by general frameworks that scek to sharpen 1mportant distinctions in thc
* kinds of information that support managerial decisions. A number of such frameworks which,

in our op:mon provide the most insight from a pragmatic standpoint are dleUSS&d below.

- Robert Anthony has delmcated a framework. Wthh d:stmg%ctwcen the dlfferent typcsi
of plannmg and control process that typlcally OCCUr in orga ns. His basln, thesis is that
thmkmg of planning and conirol as two separdte and h cousactivities inan organisation

- 1s not only meaningless but posmvcly dysfunctlondl of this segmentation’of manage- -

ment planning and control activities into two fies of planning and control, Anthony o

suggested that the area of management plan
resisting the "natural temptation to us
deciding what to de, and (2) control {fough
three categories suggested by An we:

ing ar control be segmented into three Categories,
two main divisions: (1) planning (roughly),
,assuring that desired results are obtained". The'

' f)- 'Strale'gic planning
-~ 2y Management conirol
- 3) Operational Control

Essentlally, acqordmg to Amhony, planmng and conitrol activities are S0 closcly inter lmkcd
- as to make the separatxon of these activities under51rablc and meamngiess Instead, accordlng '
to him, it makes muf'fh more conceptual and pracm:al sense to link mgethcr plarmmg and oontrol _
- dctivities which are similar and inter-twined.

__ Anthouy s definitions of these lhree sub-specxes of plzmhmg and controf are:

1) Strateglc Planning is the process of dcmdmg on objcctwcs of the orgamsatlon ‘on chdng(.s_ __
- in these objectives, on the resources; uscd to attain these objectwcs and on the pohcncs that
-are to-govern the ElchILSlthI] use and dlsposmon of these rcsourccs )
2) Management ! Control is the pro(,ess by.which mana gers assure that these rcsourccb arc
obtained and used effectxvely and eff:mently in the accompllshment of thc orgamsatlons '
_ ob]ecnvcs : : : : .
3) Operatmnal Controi is thc nrocess of assurmg that specific tasks are camcd out etfectwesy _
' ancl cfﬂciemiy : e S




- Anthony's deparfute from the traditional conccpt_d[ separate planning systems aid controi_:
.= systems is diagrammed in Figure II (a) and (b) respectively.

Figure IT (a): Traditional Segmentation of Planning and Contrel Systems

\

PLANNING SYSTEM
CONTROL SYSTEM

7

ORGANISATION . 0

Figure II (b): Anthony's F ram%of Planning and Control

<&

STRATEGIC
1 PLANNING
. /s/ .
e & A
Z =
o 03] .
<) .
Z 7] MANAGEMENT.
ZO,4 CONTROL
61
oo
- _
OPERATIONAL'
CONTROL _
ORGANISATION

Itisuscful to clarify the above de_t"initionsWi thsome examples. The table below gives instances
of planning and control activities indifferent functional areas classifi_c_d according to the above
definitions. ; :
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Strateglc,.Plannlng ..~ Management Contrel . Operatlonal Contro’l

Production - Locatmn of a ncw - ~Detemnining the = . . - Schcdulmg %pecmc _]ODS
faclory : “ product mix‘fora .. .. onspecific machinesin
monthly producuon 2 Shlft
programme

Marketing® ‘Entering-the-Export Media planmng for °~ - - . Planning sales contacts
market . - advertising expenditures 1o be made by a salés
man in the next week

Finance Raising capital by - Detérmining maximum Determining what
issuing ncw shares levels of credlt for action to take dgainist

customers : nonpayment by a

specmc customer

Personnel - Deciding on changes Determining who will be Determmmg whlch
to be made in the - promoted o fill a workers will be on each
organisation structure ~ vacated post at middle shlft
and lower. Iwcls m the
orgamsatlon ~ .

aM of information reeded. to-

Thc table below depicts: these characlerlsllcs %g lights the substantial differences n

Anthony's framework enables us to L'lndersland the ch
%upport the three types of planning and control pro

information required for strategic planning, mafg€ctient control and operational control

* |

Information = - Strategic Management Optional
Characteristic -~ Planni ~'Conmtrol .. .  Control

1. Vol'ume . © Low : : Intcrmedlate High

2. Level of - High . =~ - Intermediate Low
Aggregdtlon

3 Frequency ofuse .~ Low .~ . = - Intermediate -~ ¢ High

of a particular
type of data

4, Currency" Low -+ - Intermediate - - High
requirement

5, Accuracy Low - Intermediate High
6. Scope . - Wide - . . . - Intermediate. - . ngh

7. Source .~ . - Significant = - ‘Mostly. Interiial Enurcly Intemal
amount from :
external sources

P
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8. Predicuabiliy =~ Low ‘Fairly High ~ ~ Very High -
of use* ‘_ o o o :
.9 Varlabrhty wrth ‘High ' Intermediate . - Low ‘
Cmser** . T o
- i 10 Drstance'of user - Far o 'Fai'rly .' c.losc_ -~ Close
(in Organisational ' - A o
“terms) from sorces
-~ within
- organisation

RJ How far in advance: canthe lnformatlon that will be needed for a dec151on be stipula'ted‘f‘l' :

' _‘** Fora gwen decision, how much of the 1nformatlon considered necessary llkely 10 vary
from one md1v1dual to another. '

_' Another framework which is useful in structuring our understandrng of an MIS i one provided
by Simon. Whereas Anthony s framework is concerned with.the objective of! the decision-
maker, i.c. what the manager is trying to do, Slmons framework examines the process of

decrslon makmg i.e. how does the manager make dedigions. !
| Srmon breaks down the process of makmg a decisin three stages

. '-1) Intelligence: This is the stage in which W {sion-maker recognises that there is’ 4
problem or opportunity that requires himNQ ke 4 decision. . : -

' 2) Design: T_hrs stage covers the deter nof the alternatwe actions that he could take to_
- resolve the problem or explojjahie o rtumty :
~:3) Choice: Thisstage is conce

the process by whichone of the alternatives generated

in stage-2 is singled o be pltrsued. _ _ S
With this framework'we can ngulsh between three majorclasses of decisions. ‘ Programmed :
decisions are those in whichall stagesare handled by following a preset well-defing procedure
' These decisions are repetitive and routing which arise often and are capable of bei ng modelled4
mathematlcally in their entrrety The classrc example would be 1nvcntory ordertng decrsrons

Non-prugrammed decismns are those where none of the stages is amenable to handllng by
~a well-defined, pre-specified procedure (These decisions are novel and dlffrcult to structure in
logical-mathematical terms. They haveto be treated de novo whenever they arise. ) An example '
would be the decrslons 10 ‘set up a new- factory or launch a new lrne of product# ' :

Semi-programmed deécisions are those'in which at least one and no more than twg of the above

stages can be handled by a well-defined preset prooedure An example where the intelligence

~ phase is well-structured would be the diverse kinds of variance analy31s Here comparison with

“a budget or standard is undertaken in a well- defined way to srg;nal the nced for a decision.
Subsequent stages of design and choice, however, are not handled by a sei prodedure

- Zani' s framework draws upon the earller two frameworks. He argues that effective MIS can '
only be dcmgned ina top down fashlon viewing the organisation’s mformanon nteds from the

. vantage point of managers who will use it rather than ina ‘bottom up manner which automates v
. extstmg cllmcal procedures o :




According to Zani, the_importélm determinants of MIS design are:
@ Opportunities and risks | '

@ Company strategy

@ Company structure

® Managementand dc(:lslon»makmg proccsses

- @ Available technology

@ Available information sources -

Opportunitics, risks, competencies and resources, ptus the strategy derived from them, yield the
company's organisational structure. This structure sub-divides the essential tasks (o be
performed, assigns them to individuals, and spells outl the interrelationships of these tasks.
These tasks, and the organisational structure they compose, determine the various information

needs of the company.

Elvcry orgamsation must undcrstand its key success variables whlch arc acllvntles onwhichthe
- company must score high for it to succeed. For example, a tcxtile company in fashion market
-must focus on product promotion, understanding customer response to productand monitoring
competitive changes. Whereas a mil selling grey cloth (unprocessed) must focus on manufac:
turing and distribution costs. '

The key success variables name the key tasks of the u@jand thus help identify the
priorities for information system development. The gyste t provide mformatlon that
makes the individual manager's performﬁnce- of the; @ s easier and better.
These tasks could be related to sirategic planniggsnanagement control or operational control.
The conient and frequency of reports that will py@vide the necessary information for key task
must be identified through an analysis cision-making processes. Here the frameworks -
pmposed by Anthony and Simon prove Wbe usefui.

Zani advocate participative pro ’@ MIS dBSIgn where top management and funclioml
managers help in understanding critiCal areas of operations, identification of specific informa-
tion requirements. To fulfil this rofe properly, managers must be aware of the major sources of
‘information, of altcrnative methods of supplying data, and of the impact of the major changes
- of information techonology. The major contribution to information sysiems in these areas, of
course, must come from the information and data-processing specialists.

Using the {ramework, then, 'eﬂtouragés understanding of the critical areas of operations, _
-identification of spec¢ific information requirements, and recognition of the technclogical, )
economic and personnel constriants within which an MIS develops. As imporiant as anything
else, perhaps, is the fact that systems are of necessity dyndmu, changing with thc environment
and the organisation.

In dcsigning an MIS there are two types of situations one may come across.

If the organisation has no experience of computing, applications which will create the
maximum impacton the organisation can be identificd by using Zani's framework Key success
variables are however seldom obtained througha questionnaire survey of managers. Data on
environment, past company performance must be analysed and discussed 10 identify key
success variable, It is sometimes useful.lo pen down a guantitative measure of subh.variable.
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For example the performance of a textile unit can be summed up through two indicators-
coniribution per loom shift and fixed cost per loom shift. Similarly the performance of a
shipping company may bc measured as gross operating profit per day per voyage. Precise
definitions of performance indicators enables the analyst to understand dncl quanhl‘y the likely.
lmpact of lmprovemem in different tasks of planning and monitaring. :

~ An analysis of ihe eompanys key success variables can be done only aflcg a lhorough
understanding of the company's operations. Consultants and vendors who do not spend
adequate time in understanding the operations are unlikely Lo throw up apphedltorlt areas which
willcreate thcmax1mum impact. They are likely to suggest 'off-the- shclt’apphcall?ns Forsuch

applicaitons use standard software Wthh is- ?V&l]ﬂble '

Fora company gemng into computerlsatlon for the first time, alistof applieation‘; would have
to be generated, keeping in view a 4-5 year perspective on the basis of which a suitable
~ configuration would be decided. However the devclopment and implementation of the
applications would have to be done in a phassed manner. The [irst few applications must be
those, which can create an impact on the performance of the organisation, are quick to
implement with the lcast amount of changes in the existing procedures and Sy#tems. Initial
success can make the later implementation of complex and more involved systefns casier,

choices are somewhat limited. Existing eomputer y, manpower and past experience

For organisations which have been into data processinggid would like to graduate to MIS; the
=
with compute.r applications all such factors will condWed the future growth. |

By and large an effort is made to create us ta bases which -_capture data during the
execution of routine data processing systgms. Steff data are then analysed to produce periodic
planning report for monitoring. -

Examples of such systeins are the, nal¥sis based oninvoice proeessing; inventory conirof
- based on stock accounting; cos and profitability anmalysis on the basis |of financial
accounting systems. Of co rginal additions to data ficlds, new coding structure, revised
proced'ures are introduced t ¢ the data basé and reporting more useful. |

Factors Facllltatmg Im plementatlon nf MIS _

_A few factors which will increase the chanoes ofa successful 1mplemematlon oq MIS are:

- 1) Invoivement of top managemem inthe computensanoneffort 1ndefmmg the|purposeand
goals of computers within the organisation.

2)  Selectionof an EDP Manager who has the political skills to involve manpagers in choosing
application areas, identifying information needs and designing’ reports. |

3) A computer staff which has mterdlsmplmary skills in computers mana genr||ent and
operations research. -

_4) A balanccd expenduure on hardwarc and software. . |

15 5 SUMMARY .
|

ThlS unit has giver youa fair urderstandmg of the main features ofa Mamgcment Information

System in Organisational Context, describing: its various functions, importance and relation-

ship with planning, control and operatlons in an organisation i.e. what an MIS is and what il
is not. - : . : : : : |
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Further, the unit syslemaiically leads you to the prevailing status of MIS in organisations, '
discussing the ever growing nced of information and its proper handling (processing}, which
intarnled o the develc)pm{,nt of MIS and advent of computers therein to cope with the hazards
faced in coordinaling and managing the organisational challenges. We have also discussed
different viewpoinis about the MIS given by some management scientists.

15.6 SELF-ASSESSMENT EXERCISES

1 Critically evaluate the status of MIS prevailing in your organisation in the light of the
undcrstandmg you have developed 1r0m this unit, an.i also propose adequate measures 10
improve it

2 Inwhat respects do the three model% of MIS, discussed in this unit, differ s:gmfu,dntly?
Describe in brief. _

3 What do you understand by programmed, semi-programimed and non-programmcd deci-

~ sions; describe with the organisational examples, you have come across?

4 " How do vou differentiate between plannifig and control in operations of an organisatibn‘?
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| UNIT 16 INFORMATION NEEDS AND ITS
___ ECONOMICS i

- Objectives. | |
- After gomg through this unit, you should be able to: .~~~ ‘ .
® havea historical perspective on data 2nd mformatlon prooessmg o
e dlStlﬂgUEh between data and mformauon L L ‘
.. @ conceptualise the data life-cycle ' | B
. @ ‘identify both the Iog1cal and physu:al ways in Wthh data can be processed or mampulated
o produce information. : -
@ appreciate the pnrnary a‘;peet.s of cost, value and effecuveness as they reldte to data and :
information processing S '
L 2 apprecnate mathematlcal mlormatlon theory

_Structure_ o |

16.1 Introduction S ’
16.2  Growing Need for Tnformation o 0 R

16.3 Data ' e

164 Informatien - - - - O

165 Information from Data~ ?, '

- "166. Information Economics .

' 16.7 Summary Q~ S

168 Sclf-assessment Exe :
- 169 Further Readings '

16.1 INTRODUCTION _

~'Some the dawn of civilisation, people have required information to.aid them in their personal
‘battlé of survival aswellasintheirattemptsto manage their organisations. Though for centuiies
man lived on carth without keeping records, it became necessary for man to adjust with the
growth of social organisations. As tribés grew into nations trade and commerc% developed.

_ Historians have traced some typeof record keeping and data prooessmg back to about 3500 BC. -
when in Babylorua merchanis were- keep ing records on clay tablets. At about lhﬁ( same time, _
the ancient Egyptians made a'great improvement in record keeping when they developed
papyrus (the fore-runncr of paper) and a sharp pomted pen called a 'calmus'. Today merchants
and all of us still keep records anid. process data, but the technology by which data is processed
* has had aquantum leap torward especially in the last f:fteen to twenty years The world has gonc
' throughthea gncultural revoluuon mdustrlal revolution and we areé m the midst of the so calicd
B mlormatlon revolunon R o : ; \ ‘




-16. 2 GROWING N EED FOR INFORMATION

There were two’ prtmary Teasons for prooessmg ddta before ei ghteenth century Flrst there was _
a natural desire of men to keep an account of their possess1ons and wealth as exhrbnted by the
'Babylonlan merchants Second reason for processing data beforé eighteenth century was -
essentlally because of governmental requlrements for compiling administrative survey data for :
raising taxes and 00nscr1ptmg soldiers. Around fifteenth century Luca Pacioli deve10ped the '
double entry book keepmg system the fore-runner of our modern f mancnl accountmg systems '

Wlth the dawn of the indusirial revolutlon thc basic tasks of production sh1fted from homeand
small shops to the factories. Withithe adven_t of fa_c_to_rles_, otherservice industries like rnarkell_ng
and transportation grew. The increasing size and complexity of the organisation prohibited any
‘one individual from effectively managing them without.some data and- its appropriate
prooes“;Sing As factorics grew in size it necessitated the need for more sophisticated: capital
goods, equipment, plant and machinery, requmng large investments: On one hand, manage-
mentneeded more mformatmn for internal decisions while mvestors on the other hand, needed

information about the organisation, its soundness health and credibility of its managerral -

' per[ormances In spite of the technologlcal developments there is an ever mcreasmg pressure
for more and more 1nformat1on R : -

o Grantmg of loans credits etc. createdaneed tomamtam accOy s Jeceivable, accounts payable
- ete. It has now become statutory for any type of o ation 10 display certain financial '
‘'statements like a balance sheet, profit and foss smt@m._ duly audited and cejrtifie(_:l by

again. Most organisations were run by lividuals. In government, this figure was the
ruler/king, but.in business it was th ‘ne However, with the increasing size and complexity.
d

chartered accountants. . e L o : _ _
" There was a swmg from integration to fr en& jon and now we are trying to integrate once
ra

in government, parliaments evol§ 1 took away many of the king's powers and duties.

Bureaucratic groups were established ¥ made responsible for specificareas, thereby resulting - o

in erosion of autharity of the central figure and fragmentation.of responsibility. In business, the
owner began by managing his own concern. But as the busingss diversified and grew, it became
necessary to Idel__'eg'ate\ authority to other men. The communication lines and their length-
~ increased. The result was that the owner often had very little knowledge and eontrol of what
decisions were made at the lower levels Morxg pcople at the lower levels got mvolved in their
- immediate problems losing sight of the organisation's overall goals. Fragmentatron had thus.
become a necessary evil. The situation as of today, however, is that there is a visible movement '
~backtosome typeof anintegration because of the adventof technology in the form of computers N
and clectronic data processing. : : : B

_The executivés in Indian industry, though they complam of marny thmgs, have three areas 1n
common. The first is personal income tax. The second is the 1ncreasmg amount of paper work

+" and the third is the paucity of * information' available for their'decision- making. At the firsi

_ glance the second and'third complaints seem contradictory. On the one hand mformatlon is
pouring in through paper submerging the executive while on the other hand therei isnot adequate-'
information for rational decision-making. "Water waer, everywhere but not a‘drop 1o drink!"
This contradiction is present because there is abundant'data’ but a great paucity of 'information'.
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o 163 DATA

- an occurrence or a set of oecurrences whr

I
" In general usage, the terms data and 1nformat10n are often used 1nterchangeab1y However, there

: 1s a drf[erence between data and 1nformatlon L

- Data are a set of 1solated raw facts frgures stattsttcs, unrelated and umnterpreted Data oould

be dcflﬂcd as a collection of numbers Jetters or symbols that can be processed, mamtamed or

‘ produced by a managementmformatron system (MI1S). Datamay notbe organised; may not add

‘to"our knowledge and may not surprrse us. Orgamsattonal activities like sales, productton, :

: _'brllmg, collecting amounts due, and assigning pe rsonnel are examples of activities that use

‘daia, Data items have value only if they are useful in the performance - of orgamsanonal
- actlvmes A tray of cards representlng sales invoices by fiself means. very llttle ta the sales -
. manager. Somietimes many reports are generated through data prooessmg systems and placed

- :.-_'_'on the management desk. ‘This could be compared to a daily newspaper pnnted thhout
. i-headlmcs or spacing between words an. avalanche of data, but a paucrty of mfonnatlon Now :

'what then is lnformatlon” o

[

: -_16 4 INFORMATION ~

1 ov1des Enowledge or| 1ntell1gence
: trtggers off action. Informatlon is. .
_ messages and when peroelved by. the

: 'Infonnatton is the result or product of prooessmg d' a.
It contams an element of surprise, ‘reduces unceftaint

o recxplents via any of the SCHSCS, increase theirst
E tmtratmg stimuli between sender and recelyel Jnformation is inthe form ofsrgns that arecoded
‘tepresentations of data. Data beco inf§rmation when it is prooessed and placed in some. -

. context. Informat1on 5. 'the stu< ;xlpperwork systems'just as materra] is the 'stuff' of
- productton systems. In factt lattn of data to information is that of raw materthl to ftmshed
product. Information for 0 il may be the raw material for another. Informatlon is now -
- ‘considered a. resource on the levelof rnoney, matenals men, machines, methods ‘markets and
managements. Thus mfonna‘tlon resources could supplement the exlstmg resource list of M s

by intraducing messages and moments in"the context of information resource management S

Informauon 1eSOUrces (1n the sense of stored data of ail types) are: re usable

' :"Real 1strcally, 1nformat10n oommumcates the state of a s1tuat1on but the perceptron can dtffer

s1gn1frcantly between users. Informatron contarmng the. same mesSage content. |and quanttty

e commumoated in the same way and atthe same tlme dges notmean that it will be used sunﬂarly

. by the reoewers This,could depend largely upon the perceptton, baekground and pre] udroe of .
-the users

. Informauon is mformatron only to the extent it serves the needs of the manager I |1s s1gn1flcant
- -for him only if it can add 10 his knowledge in. planmng the operations and; help hlm in
: drsehargmg his personal responsrb‘rltty 1f the data i is properly orgamsed the manager wrll be

.| "ableto react o it. I the data is.not properly orgamsed it will not be helpfui to him in ﬁOlVlﬂg

~ various, managerlal problems. ‘Since a manager has multrfanous responsibilities. the time at his
© " disposal is limited. Therefore, his information needs should be identified 4nd only that data

L whlch can. be helpful to hlm should be accurnula ed and supplled to hlm
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List down five elements inan organrsation whlch you would term as data andfor mforma‘uon -

“and why?

T S T T T R R

.....t ................................

Information Classrficatlon - . . S
We can classify mformatlon found and used inan orgamsa%o the fwe groups as follows

: .i) ©* Action Versus Non-action Information. Here a non-Mtio mformatlon is synonymous

received. -

if) 'Recurrmg Versus Non -recurring Infor% Recurring'in'formationis one whichis '

. o generated at regular intervals such riodic reports. Non-recurring mformauon is
’ ~ typified by some special kind of st aid in management decision. This'is of a non-

_ rcpetltlve type nature _ o _
- i) ..-'Doeumentary Versus Non@nenmry Information: Documentary information i's'
"~ that which is preserved in some written form or avaitable on microfilms, punch cards,
- 'magnetrc tapes, floppy disks, accounting reports etc. Non documentary mformauon is

- transmitted crally or. reoewed by an 1nd1v1dual observatlon

V) Internal Versus. External ¥nformation: The d1stmctlon here is obvrous It w1ll be seen

in the. subsequent unit that different managers at d1fferent hierarchies in the orgamstalon

requlre d1fferent blend of 1ntemal and extemal 1nformatlon

. ir)_ jHlstoncal Informatlon Versus Future PI‘ﬂJectlons' The dlstmctlon here is agam
" obvious. The lnstoncal mformatmn COuld be futrle, unless it can be used for future o
* projéction. ' ' '

| 16 5 INFORMATION FROM DATA

~ Data Life- -cycle __
' We can think of data having therr own life- eycle namely, data generation, data mampulatlon
transmission of data (and oommumcatlon of mformanon) and stormg/retnevmg and reproduc-
tron of data . . CL T T
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The generation of data could take pla_oc i'nternall'y and/or externally. This data has to be
‘captured by recording of data from an event or occurrence in some form such as sales slips,
personnel forms purchasc orders ete. '

The captured data would ha\«c to be stored crthcr in pcrson 'S mlnd orina documcnt orina
'mechanical' or ‘electronic device, microfilm, punched cards/tapes of in a device of some -
.suitable form before they may be operated upon or utilised. : -

Stored data would have to be retrieved by scarchmg out and gammg ACCess 10 specrfrc data
elements from the medium where it lS stored. ' :

Rctr;evcd daia may be converted or reproduced toa different form of storage or pl’CSCIltdtl(}Il :
format by way of documents rcports ete.

Data are also constant.ly bcmg trdnsportcd to the user m proces&cd form. It is |Lransferrerl to

storage from the source, then processed and passed on to the user, who again retugn it o storage

a[lcr workmg on it, which becomes available for further retrlcval ‘] a
-

: _The randomly accumulated data has to be sorted and classified to reveal approprlatc

mformatron For example, sales data canbe classme roduct-wise, territory- wrso salesper-

son-wisc elc. Sucha classrﬁcatlon will give thc salgs dMg- more meaning.

So‘metimes aggregation or synthesis of man -0l data to structure-a meaiungful whale
or co_mplclc report is often required.

Processing of data mlght cmdrl qurtc a b%ni'pulation and calculations involyving addition,
subtraction, multlpllca.tmn divig bdsed on certain formulae. Computations might have
to be performed for deriving emplyer's pay, customers bill, financial ratios etc. Management
- science/operational -rese dels might be used for determining optimal product mix,
' aggregate planning, and e ¢ order quantity determination. '

 Data stored must be utilised on some-occasion by some one at some point of time, otherwise
there is no point in putting in on inventory. When data is finally put in a usable formitcanbe
retrieved and turned into information at appropriate time for decision-making. -

Some typc of a continuous verification and evaluation of data ought to be taken because there
is-also an economic aspect of cost of processing data versus the value of the information.
Thercfore dala files shouid be Lonnnously monitored to ¢leminate useless data.

Itis important to destroy datd followmg its cvaluatlon oruse. Dcstructron of data records may
be on a purely routine basis following one'tinte use or may occur in review I oid tecords.
Destruction is the terminal stage or the end of the data life-cycle.

The data life-cycle is portrayed in Figure 1.

228




Store

1

Retrieve

Sort U fame

Uti!iz_e.'_"

¥

Generate : -

Evaluate . |—1— Manipulate [-e-

Synthesiie-.'-J ' : -

Destroy

" Figure 1: Data Life Cyele (Source: R.G. Murdiek & J.E. Roes Information System for Modem Management,
Prentice Hal} Int.} - ' .

Data Processmg Methods

E Every organisation whether business, govcmment orsocial requlrcs a cerain amount of paper
work or data processing which can be done ina variety of ways. In the past, data processing -
consisted of manual procedures whereby the data operations were performed by hand with the .
aid of basic devices such as pencil, paper,slide rule etc. Then.came the eleciro- mechanical

" method which is actually a symbiosis of man and machine. Thgn came the sue of typewriters,
 cash registers, lime clocks eic. Co N : :

’Ihc punched card equipment method came into
. principie bemg that data concerning a person, obj ent is normally recorded (punched)
or a Gard. A number of cards placed logically and Seq@catially in a deck was termed a 'file’.
There was considerable reduction in the intervention. However, it was only after the
development of the electronic compufer thatghe-machine became capable of performing most
of the data operations. without. i nt human intervention. Today data processing is
generally assumed to be computer 8€electronic data processing (EDP). Computer systemis
were used initially in-mag & janisatibas to perform essentially the same functions as ADP
(Automauc Data Processinigyh : : :

' ! ong with the 'wmt record systen’, the

. The computer simply means a conf:guratmn of mput devices, a oem.ral proocssmg nit (CPU) B
and outputdevices. A major innovation ir the development of CPU was the stored programme
concept. A computer executes only the. instructions given to it at fantastic speed. They are
highly suited to highly repetitive type of calculations. However, whenever judgement is to be
exercised, humans remain [ar superior, though of late more researches are being conducted in
Artificial Intelligence (AI) and the development of knowledge based experl systems. Recently

- significant technological developments (especmlly in the field of electronics) have reduced the. -
cost and size of the computer to such an extent that organisations of almost any size can now
invariably benefitby using computerdata processing. Computcrs of various types- mainframes,
mlruoomputers, micro-computers and persona' computers are there for lhc asking: Though the.




handware costs are commg down, the sortware costs however are rtsmg Letus oW ftgure out
‘the. cost of 1nformat10n ' C : :

16 6 INFORMATION ECONOMICS

information is not free; it costs money. How much should an organisation spend for

Informauon isa valuable résource in any organtsauon However the prepara{ron of formal .
mformatron Some type of a cost-benefit analysis ought to be undertaken. It is more easily said,

‘than done. Difficulties occur in mcasurmg the costof provrclrng themformatlonand measuring - o

‘the value of information. Enformation is conceptual in nature and possrbly has hardly any
: tangtble charactertstlcs, except symboltc representatlons However let us’ attempt 1o, under-
' stand some aspects of 1nfon‘natlon economlcs : o

Cost of Int‘ormatlon e . :
The costs of’ operatmg the information system could be categortsed as,followsr ' .
i) Hardware Costs- This is normally a frxed or sunk cost over'a relevant mﬁngc in case of
- -computer based 1nformat10n system With the quantum ]umps in the field of electromcs
the hardware costs are coming down appreciably. -

)] System Analysis, Design and Implementatmn Costs: Thrs agam is a sunk cost.. Thrs o

-_ procedure ‘This should include the cost for pregaralipn of prograimmes and the so called - '

 function includes formulating a methodology:or overall electronic data proeessmg'_. '
i

software costs, ‘With computers bemg
_ pltchma their costs hrgher and ‘higher.

- iii) Converslon Costs Thisisa sunk gost an cludes an'y kind_of cha'ngerfroi‘n one'method .
tal z

ng' these days, softw%r_epeop_le are

of data processmg to another.-

iv) -Cost of Space and Envr B ntml Factors: Thrs cost is seml—\?arrable _
' Examples of thts cost are IO space, alr-condrtroncrs and dehurmdlfler systems, power
w [ator, security and so on. The size of the computers has shrunk
. consrderably from the_ eneratlon downto the fifth generatron computers Sizes have
- shrunk whereas power and. capablllttes have mCreased manrfold Many mrm and-
m1crocomputcrs of today are rugged enough and do not even requlre an arr-condlttoned
" room (like the BBC Micro's etc. whrch have been mtroduced in schools both in; rural and
urban settmgs in India). -

v) .Operation Costs: This is basrcal]y a vartable cost and mcludes a varrety of personnel -
'facrlmes and systems malntenanoe supplres utilities zmd support facﬂtttes costs: '

These COSIS are often class1f1cd as. erther vartable or non—vanable costs |-

Value of Informatton : S : :
~Letisnow discuss whatwe understand by the term’ value of mformat:ton ‘Tabe of 'value’ thete-
©are certam desrrable charactcrrstrcs or attrrbutes of mforrnatlon, quantrtauve and descnpttve

Int‘ormauon mustpnmartly possess attrrbutes of relevance, avallabllrty and time iness, o havc 3
- value and thus to qualify as information. Ob_;ecttvrty, sensmvrty, comparabtllty, conscious- -
ness, and completeness are desirable and ‘necessary enly in varying degrecs No! doubt

quantrfrablllty is desired to the maximum extent possible. The quality attribute refers to the |
prcsence or absence of ambrguttles mlnformatton No doubt all mt‘ormatlon sho ld preferably o




possess 'quality’, Measures of quallty are valldlty, aecmacy and prec151on These measures of
quahty are especmlly lmportant and apphcable fo quantlfled mformatlon

Quallty is defmed as excellence or fltness It 1s not an absolute concept 1t 1s defmed wnhm a_‘
" coniext. An appllcatlon has - qualny relative to its prlmary and secondary- users operallons
: personnel contro! personnel mamtenance personnel etc. Perfect quallty is very costly and
perhaps 1mpossrble Since information is a critical organisational resource, low quallty
-'mformauon has an adverse effect on orgamsatlonal performanoe

, Even it 1nformat1on is presented in such a way as 0 be transmitted efflclently and mterpreted
: i'correcﬂy, it may-not be used cffecuvely The quality of information is determined by how it
motivates human actioh and contributes 1o effective dec1s1on makmg Information may be:

‘evaluated in. terms of - uluhtlcs which may facmtate or retard its use. These unlmes are

' explamed bclow

i) . Form Ut:llty As the form of 1nformanon more closely matches the requlrements of the
decision-maker, its value increases: If the manager is lookmg for a graph depicting the
sales history, he appreciates receiving the data in the graphical form rather than in tabular
form

‘ieeded. If your make it available well ahead of time, h forget about it. Obviously

any availability afterthe due time might have no releva herefore, greatest vatue is
"atthe apprepriate timewhen the decision-maker . Thedifficulty is thatsomethlmes
“the appropriate tu:ne is not known to the decisio er hlmself

| i)  Time Utility: Information has greater value to the decisioE maker if it is available when

iii} Place Utility (Access1b|hty) Inforrnatlon%reater value if 1t cati be acoessed or
delivered easily. Onlmesystems ma both time and plaoe unllty liis very 1mportant
to have the jnformation available at W€ place desrred col e

V) Possessnon Utlhtyﬂ(Orgams@acatmn) The possessor of informauca strongly

affects its value by controlling itvissemination io others Information is power or rather
one who has mformatlon has the powcr

. .Though 11 is dlftlcult to quantify the contribution of the utlllty of information, one surrogalc
- worth considering is information satisfaction viz. the degree to which the decision-maker is
satisfied with the output of the formal information system.

Bias and Error

~ Managers or in fact anyone would have strong bias towards quallty rather than quantity of
. information. Tt is possible to estimate lhe blases of the dccrsron—makers and provlde h1m
' -'smtably adjusted information.

Here we would llke to mtroduce the nonon uf errors in contr'lst to blas Errors a more serrous
problern may result from

a) Incorrect data measurement and collecuon methocls

b) Failure to follow correct processmg procedures
'¢) Loss or non- processmg of data

d) - Wrong recording of daia
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e) Incorrect hlstory (master) frle {or use of wrong hlstory flle)
f) Mistake in processing procedure S R -
v g) Deltberate falsification. ' o .
In most int'ormatlon systems the 1eceiv’er of information m’ight have no kn’owl'edge of erther o
bias or errors that may effect its quality. The cltffleultres with errors. may be overcome by. .
'.mternal controls o delect errors, intérnal and external audltmg5 addition of 'confidence lrmlts'

__ to data and user instruction in measurcment and processing prooedures S0 that users-can.c
c evaluale possible ¢ errors. The firsttwo methods attempt to reduce the uncertamty Iabout the data.

| .
“and therefore increase the mformanon oontent The last twar remedres provrde| the user wrth

: .-Conftdencellmlts 't . _
Value of Perfect Informatlon A -
'In the demsron theoretrc framework there could be dectsmn—malung undeér certamty where '

. we-assume extstenee of perfect lntormauon regardmg outcomes. In dectsmn maklng under_‘_..

o uncertamty, we assume only .a knowledge of possiblé outcomes ‘but no 1ntotrma110n as 1o

probabrllttes In decision theory, the value of information is the value of the charige in decision -

" behaviour exised because of availability of information: less the cost of Lobtammg the -

. infofmation, Givena setof posslble decrsrons a deusron-maker will select one on the basisof
. the informationat hand. However, if a new set of inforguatiorinput changes the Heelslon, then :

- the value of the new information is the drfferencﬁ:e between the outcome of the old .-

. decision and that of the new decision, less the cost O ining the new. mformatmn In this -
o . context, there is also the notion of the valuef ect: mformatlon ‘The valuelot the perfect

information can be oomputed as. the differendeubeé tween the optlmalT polrcy \\hthout pertcct_

mformatlon antl the tdeal optlmal' pol?ﬁ‘h perfect 1n[ormatlon
info

-The concept of t.he value of t rmation is. usetul because it demonstrates how +
'.-mformatlon has value as it mﬂu es or.chinges; decision. However, deuslops are usually

‘made without the right an priate information because the needed information is usua]ly o

- not available; the effort to ¢ the information is too great or t00° eostiy, some times there
"~ isno knowledge of the avallabillty of the mformatlon and of ten the mfol mdtron 1‘% nol avallable '

.intheformneeded ST o S o _-

. 16 7 SUMMARY _ o
In this unlt we have- d1scussed the ooncept of data and m[ormatton Over the ycars w1th the
© growing oomplexrtles and increasing competmon the PIESSUIES for.information have stepped

. up mamtold There are various methods of processing data to give some type of mformat}on
A data llfe—eyc,le has also been explained. Data could be free; but mformatmn eoSts somethmg
We. have tried to explam the yarious cosis of information. Now there must be some benefrts S
-utility or value of mtormatlon We have discussed How the value or utility could merease -

~ depending on circumstances. It is qurte difficult to qantify quite a few of the desrrable ,

. characierislics.of mformatlon A brief introduction to the mathermatical mtormatron theory in

: tommumcauon is also given. Informatlon tries to reduce the uneertarnty ina grven situatiofr.

This unit is a pre- requistie to the next uniton management 1ntormatron sysiems asthe concepts o

_ nl dulrable Lharacterlstlcs of mfomlatlon would be partlcul‘tr}y useful in underst'tndmg
manaot ment 1ntormauon systems ) : : S :

RN



1. 8 SELF-ASSESSMENT EXERCISES

1 List and explam the major reasons for ever mcreasmg need for data processmg
2 What impact would (1) the technologlcal revolution (ii) research and development (111)

- product changes and (w) the information explosions have on the need for information by
management ina light commercial vehicle manufactunng company, ahealth care del ivery .
system and an engineering college? : : -

3 Define the terms-data and information. DISCUSS the dlfferenoe between data and informa-
. tion. Give examples : . : :
4 Take any situation in an orgamsatlon and 1llustrate how a data llfe -cycle works in such a

" context. : . C - '

5 List the attributes that add value o mformatlon and attempt to. give a system of meas--
' urement for each attribute.
6 Findauserof information inany orgamsanon of your choice and identify some mformatlon
) reporl thathe orshe receives. Ascertainor estimate the costof this reportand its value. Does
the value exceed the cost? : o *

K
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UNIT 17 MANAGEMENT INFORMATIONAND
CONTROL SYSTEMS

Objectlves KR T ) - S
After going through this umt, you should beable to ; ' o

Q comprehend and conceptualise systems basrcally usmg a cla551frcatron of rnpfut, prooessor
_ output, control and the envrronment - - .

- @ -appreciate and understand the management functions at various levels in the oontext of
o relanonshtps between management and informational needs

® define clearly the conoept of management mformatron :
Q apply the. systems approach I analysrs of organrsatronal problems

Structure

171 Introductio'n'
_ 172 Systeins View
- _ ' 17.3- ‘Role of MIS at various Management Levels

) 174 Structure of MIS L - N
' 17.5 . Information Network S B 0
176 Desrrabl,e\Characterlstrcs of MIS O '. '
177 Summary ' . _

178 Key Words FEEEEE | _. y S : o
. 17.9 Self-assessment Exercrses i O o :
o 17.10_Further Readings Qﬁ 3_ o R

_'17.1 INTRODUC'I@ Lo T

Informatron processrng isa major socretal actrvrty It has become an 1mportant {esource inall

" walks of life today. Whether it is industry, commerce, defence banking, education, eeconomics

~ orpolitics, information is needed everywhere A Slgnlfrcant partof an individual’ working and |
personal time is spent on reoordmg, searching for and absorblng mformatlon As much as70 -
. to B0 per cent of a typical executive's time is spent in the' proeessmg and commumcatlon of

- _ information. Information is"live’ as itis requlred 10 be updated all the tnne, and 11{15 renewable

Information is substitutable and tranSportable and c¢an be made {o travel nearly gt the speed of
~light ina communication network: The growth of information in the last few dec _:des hasbeen
fantastic, It used to be said that information gets doubled every ten years, But tod; : y this period”
-ofdoubling séems to be just five years. The exponentlal growthof information all around makes. -

_ itnecessary that 1nformatron is probably collected; stored and. retrieved i in varrous fields so that
“ifcould be use fully exploited yvhere and when needed. In the prevrous unit, we have dlscussed
in. detall certain concepts about data and: mformatron From 1nformatlon' let us move on 1o :
‘manageffient information. What 1nformatron does the manager need to manage effectively? We
arg 1nterested ina system | for provrdmg the necessary management mforrnatlon Thus wE. need
o o conceptualrse a management mformatron system (MIS) L

7 o - L "
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- a hierarchical set of objectives.

The MIS is a bysu,m that aids m'lmgement in making, and lmplcmentmg deasmn&, There ls.

~ quite a lot of disparity and lack of precision in this regard as can be seen by scanning Ticratare
~ on MIS. Whethcr the MIS is computer based or non- compuler based, 4t ought to focus on:
' managcrlal CffCCllVCIlCS%

17.2 SYSTEMS VIEW

A Change that has occurred-in recent years is the adoption of the so Callf:d-'s_.ysif;ms approach’.
‘In the past, managers, decision-makers and problem-solvers attempled-piecenieal sotutions,

thinking inan isolated compartmcnlah%cd fashion independent of other opcrational tnits in the.
organisation. Today besides professional managers, political administrators havealso become
aware of the need for adopting an integrated holistic perspective by 1doplmg the systemq
‘approach to problem- conccpluahsdtlon and dccmon 1mplemcnlauon

Systems Concepts
Today we l_"mdeveryonclalkmrvofbybtemg thctransportbystem cducdllonalsyﬂcm hcalthulre
delivery system, defence system, economic syStem, communication Sysiem, management

information system, transaction processing system, decision support system, computer sys-
tems, etc. We are in the midst of an era ot bybtems so'to %ay But what cxactly do we mean by

~ asystem?

What is a System? | 2 _ |
A systcm is an orgdnlscd or complex wholc It i m an entit\goficeptual or physical, which

"consisls of mlerdepcndent parts Or Componesils, Q his interdependency which is a
characteristic of the parts of the system. Itis an interlo omplex of processes characterised .

by many reciprocal cause effect pathways. A's is-a complex of elements or components
dlreuly or indirectly related in a casual ngiwork{ This brings in the notion of some type of
feedback and control 1o see whether o @ g system is in a pOblthIl to achieve the goals/
purposc/objectives of the system. Any sy must have an objective or a set of objectives or
ge conlext, a system is ‘an assembly of proc,edurc
- processes, methods, routines techn s etc. uniled by some form of regulated interaction o

form an orgfml%cd whole. In fact no sy:,tem unlc%s itbe a totally closcd system can exist’ in

isolation. -

Asystem is made up of sub-systems which may be composed of further sub- -systems, We could

carry on this refinement till we arrive at the so catled! bldebOX level which is some pen,eplfblc- :

manageable level. Justasa system is made up of sub.or sub-sub-systems, it itself is part of a
E super or supra system. This could be.termed as the environment in which the system operates.

The forces in the environment impinge on the system while the system itself exerts pressure
| -outwardly on the environment thereby hdvmg some sort of a dynamlc cqulhbnum at thc
‘boundary which separates the environment from the sy%tem _

‘We can graphlcally depict the above narrative description in the form of Figure L

- Letus gweamlluslraﬂonm thecontextofFlgureI well, onecouldthmkof an industrial system
or a factory system. A factory sysiem has various sub-systems like the production sub-sysiem,
the tinancial sub-system, the marketing sub-system and the personnel sub-system. Now a

' productlon sub- system could consist of sub-sub- systems of _production control, materlalsf
control, quality- chntrol etc. The matenalb sub-sub- systcm can'be further broken down mto_

- 'black boxes' sa/y purchasing, stores, transportatlon etc. In turn, the tactory system is part of the . |
\}drger cc0n0m1c Systcm of the country which would bc the so Lallcd superm or supra«systcm o
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Sub system 2 oo Sbb system-N

Black ’ !
box BE-T . e

Figure I; Hierarchy of Systems
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Activity A
Think of atlcasl 1hrce examplcs in the context of Flgure L
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Figure 11:-Basic Systems Modufe
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Further we could give yet another example in the context of F igure I1. Data could be a set o[

1nput intoadata processing system whichwould process}transform/converl the data into output-' _
or information. One could think of raw matenal entering as mput into a product1on system_ o

which is convertedftransfonned or processed mto ai output i.e. some final product. . o

| Actlvlty B . :
- In the context Flgure 11, give atleast th:ee exa.mples mentlomng the 1nputs the proeessor and o
- the set outpuls
S fmpmt o Processor - " Output

R T L I T T T T T T T T T e R R I R I R R AU )
e T T T T T T T T T e R T T T I R R R R

e I T T T T T e R

1 Policies -

'|Revenue | Costs\ ™

o 1 Middld

"oalse h% IMeasunementst N
kT _1' SRR YOI
] S BLERE AT - ':'. . A et Y el o .0-

] _ - _
‘Goods |Services - | Performance

Qperatirng ma nage_ment'

** Figure INl: Interaction of Management Levels _

Continuing the example further in the context of Figure III this time, the quality of the finished
product could be measured by comparing it with the standard specifications of the finished -
product. Depcndmg on the deviations or variances the manager can then adjust the quality and
quantity'of the raw materials. The environment of the factory system under consideration could
be other factories, oompcmors eustomers markels socmpolmcal and cultural [actors

) government etc

17.3 ROLE OF MIS AT VARIOUS MANAGEMENT LEVELS

: Some say that management canibe understood by observ ing what managers.do. Managers get
the work done through others. Management can also. be undemtood by the type af lel'lLthIlS a
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- manager pertorms Amanager usually performs the followmg functtons Planmn& Orgamsmg,
‘Staffing, Directing, Coordmatmg, Reporting and Budgeting. In fact management is a process
of dchjeving an Organisation's goals and objectrves by judlc1ously making use of resources of
‘men, materials, machines, money, methods , messages and moments (the last tWo inthe context :

: of information bemg a vrtal resources to the manage|r/dec1s1on maker)

|

: Management ¢an also beseen as: structured into three hierarchical levels nam%ly, tpp level,:
. mlddle level “and bottom level or strategic, tacttcal and operational levels,.respectwely ' _
Although lines of ‘demarcation are not absolute. and clear-cut one can usualj; dlstmgulshi' B

. certain layers w1thm the organisation which are characterised by the classical pyramidical type’

of structurcs as shown in Figure IIL Top management establishes the poltc1es plans and "
' -.objectwes of the company as well as a budget framework under which the various departments

“will operate. These factors are promulgated and passed down to middle management. They are -~ -

. translated into spec1f1c revenue, cost and profit goals partrcularly if each department works
undera oostor profit centre conoept These are reviewed, anialysed-and modified jn accordance

‘with the overall plans and policies until agreement is reached. Middle managem nt then issues

" the spec1ﬁc schedules and measurement yardsttcks to the operanonal -management. The

. . operational level has the responsrbﬂlty of pr(:»t:lucmg| goods and services to meet the revenue,

profrt and other goals, Wthh in turn will enable the orgamsatlun ach1eve its ov%rall plans and '

' objectwes ) : Lo : o 3

- Planning .

_qunning . .

Top level - ' Bottom level: T

: Mlddle leve[ - : _
- Fi igure IV The Allmunn of Mmgm 1'hne :

" The hierarchical view of mana’gement is irnportan’t fé;r':t\nro reasons: information needs tendio

~ be different at different levels of management and the: amount of time devoted. 1o any.given-

function varies considerably with-the level as can be-seen in' thurc IV The‘]:ob content at
various management leyels is further elaborated in Table L ' g




In the contex: of M]S mdnagcmenl can perhaps be best defined as a proccss of (1) selecnon of
objectives (if) judicious aflocation of resources (ili). determining operational plans and
schedules (iv) keeping control of progrcss and (v} cvaluatlon through feedback. Each-of these
areas require ceriain decisions to be made. '

. Thus we take strategic decisions at the top level, tactical decisions at the middle ancl operatlonal
decisions at the junior level. As can be seen ﬁ_‘om Table 1, the: type of problems and deicisions -
atthe junior level arc quite deterministic and structured, so we can have programmed decisions.

‘Butas we move to higher level, situations become fuzzy, ambiguous and unstructured, and thus
“we are faced with non-programmed decisions. We find that with the introduetion of compwters,
we have gone about routine EDP type of an dCthll.y for the essentially programmed decisions
that take place at the opcranng level. Pcrhaps with the rapid advances that are taking place in
the field of electronics, communicationand computers, we might have good progress in the field
of Al (AIIIflCldl intelligence) and accordingly devise-knowledge based expert systems which
would be helpful at the qtrateglc lcvel tocater to non-programmed oomplex type of decision-
making situations. L _
Taﬁle 1

Job C'o_ntent of Management Levels
Character Top Management | Middle Management  Operating
: S oy "Management
1  Focuson Heavy Moderalro ' Minimum
_+ planning : TN :
2  Focus on Moderate = s S Heavy
Control S . . i@ : ,
3  Time Frame One to Five Years - _Up 1070 year Day to day.
4  Scopeofactivity’  Broad ' Mire functional Single sub-function
S . : . atea . or subtask
5  Nature of Relatively Q~ Moderately ‘Highly
. activity " unstructur ' ‘structured _ structured” .
-6 Levelof = Very co Less complex, Straightforward .
. complexity many vari . better defined : .
T o . variables’ ' S
7 Job Difficult " Less difficult Relatively easy -
measurement ' - _ _
" 8  Resultofactivity - Plans, policies and Implemeniation End product
: strategies schedules, - '
' performance
_ _ . Yardsticks :
9 Typeof Extcrnal " Internal, reasonable Internal, historical; -
_ information ’ " accuracy high level of
utilised . : . aceuracy
10 -Mental attributes  Creative innovative " Responsible, Efficient, efi‘ec,lwc_
‘ * persuasive,
_ . - administrative - :
11 Number of Few . Moderate number - Many
people ' '
. involved : _
12 - Department Intra-division, - TIntra-division, * Intra department
divisional. . C inter-departmeat :
interaction o

Source: ] Kanters- " Mahagcﬁlcnt- Information Systems". 3rd Ed., Prentice Hall: Englewood—Clif‘E&
| ’ o9 | |




Though the classic pyramidical structure is generally acceptable, unfortunately ih the modern
complex organisatfon this neat, militaristic, eonflguratlon scldom (1) fits the reality. Under
conditions facing modérn management the stratcgy and the control tend to become moreremote
from the resources that are geographically spread and organisationally diverse.. Between
the decision- maker and the resources lie systems-of people and data handling equlpmcnt that
- .can dlstort defzry, ampilty, and dampen messages. External to the enterprise, interest groups-
in ;,ovemmcnt, consumers, labour répresentatives, other national and interna tional. dgchlCS are
involved in an mformatlon cxchange. The modern manager must be capablc of managing his
-mformatlon syswms for strategic plannmg, mandgement control and operatlonal control

' -Lel us now sce what the- structure ofa management information system is.

'17 4 STRUCTURE OF MIS

_ Few ooneepts have been more vague and mlsunderstood as the definition and scope ofan MIS.
Many experts think thatan MIS is the computerisation of clerical work. T his is incorrect, Others
hope thatsome-day it might be possible to have anall knowmg expert computer system which |
will provide answers and decisions for oomplex problems when a mdnager;’exeeutlve simply
presses a-few buitons. This view would perhaps remain a dream: An.MIS is ’a means for
connecting the managed operating systems by exchangegf information. An MIS'is more than
~ a set of ideas or concepts. It is an operational syet%‘orming a ,-_va'riety of functions to
- produce outputs which are useful to the operating pé and management of an organisa-
on, Managers have always~had 'sources' of] ation, the MIS provides a system of
information. It is imperative to realise that a sysigafis approach to managing is necessary io
complete in today s world, Thesystems aj to mamgement must precede tqb design and
use of an MIS: The compuier is onlysg comipenent, or a ool of the MIS, notthe MIS itself op
* the central focus of MIS. Manag€ugheanust takc an active part in the design-of the MIS,
Participatory design 'process ig adveated. Technical knowledge of the compliter, 1h0ugh‘
preferable, is notnecessary anager to perform hisrole in thedesignof M"E-_S._ Theessence
of MIS is integrated. planned Mstcms ‘are and not "ihe islands of mechanisation” or data .
processing systems, ' o ' '

Davis and Olson define MIS as an’iniegrated user machine system for providing information
1o support operations, management and decision-making functions in an organisation. The
_ system, if it is computer based, utilises computer hardware and software, manual procedures,
decision models and preferably a data base. A.data base is a t:a::n'}:réillj,r controlled integrated
collection of logically organised data. The underlying concept of a data (bank) bmje is that data -
" needs (0 be managed in order to be available for processing and have appropriate quality and
value. Over time, the concepi of a smgle highly integrated system was demonstrated to be too
~ complex to implement. The MIS concept is now veering around to thatof a tederTllon of sub-
systems developed and implemented as needed but conforming to the overall plan; Thus rather
than a single global MIS, an organisation may have many relalcd 1nlormdt10n systems which
seTvie managerial needs In various ways, '

MIS is an organised method of providing past, present and‘projecféd -giiformation relating to
internal operations of an organisation and external intelligénce. by good enruronmemal
scanning teehmques All- orgamsatmm hwe some kmd of mformatmn system ¢ven though
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some systéms might be nothing more than filing cabinets and. an accounts ledger. An

information system should have a systematic, formal assemblage of components that performs

‘data processing operations to (a) meetthe legal and lransacuondl data processing requirements

~ (b) provide information to managers at all levels for carrying out their functions effectively and

(cyprovide a variety of useful reports, as required to internal and external constituents, Ifareport
does not have an element of utility, why generate it or ask for it, unless it is a statutory
requirement. Since the facts are too many and keeping track of them means gctting bogged
down in day-to-day routine maticrs, the managers do not have sufficient time for creative and .
innovativc work and for decision-making of a strategic nature. It is, therefore, imperative to ask
for 'exception' reporis. Perhaps it is well 1o introduce a brainstorming session of executives

-involved at different levels to-specify whal they are looking for, what is to be done, by whom,

.

by what data and in what form. It would be worth creating confidence and mutual trust about -
not reporting normal things. Perhaps some type of a selective information management could

be pursued somewhat similar 10 the sclective inventory management of value based ABC

analysis and critically based VED (Vital, Essential, Desirable) form.

17.5 INFORMATION NETWORK

Invariably we find information flowing from one place to anothCr, from one decision-maker to
another in an"organisation. Perhaps it is this phenomenon which motivated Forester to -
conceptualise an organisation as an Information Network. H&gbserves-that enterprises are
_ made al -mukiiple poinis
esuilffg action generates informa-

throughout the systemat various hicrarchical levels. F
tion that may be used at several, though not nccessaril hdecision points. This structure of
cascaded and interconnected information feedback looh hen taken together, describe the
total system. The interlocking network of infor channels emerges al various poinjs, o
control physical processes such as the hiriggyof € loyees, the building of factorics, and the
production ol goods and/or services. Ev ign point inthe system is backed up by a local
decision point whose information squrces Mach into other parts of the organisation and the .
surrounding environment, Manag is a process of converting information into action-a
proceqé analogous to decision-mak orrester conceptualises six information feedback
networks in an industrial setting namely, materials, orders, money, personncl capital equip-
ment and informalion, A policy is a rule thatstates how the day-to-day Operdtmg decisions are
made. Decisions are the result of applvmg the pollcy rules 1o the particuiar conditions that-
prevail at any moment. :

‘In essence, therefore, there is essentially an activity centre where certain actjons or activities

take place which change the level or state of the system. These activities are carried out because
of higher level direction received from the managers at the decision centres which have their
own set of decision procedures or norms. The combinatiog of an activity centre plus decision
centre is termcd a functional unit because it performs a function. The functional unit is

represented in Figure V, which shows the flow of information. Hence the information system

could be designed to provide information to each. fun{,tlonal unit, in factateach of the strategic
planning level, management control level and opcratlonal level as shown in Figure VI. The
informationsystem for rclated functional units can be clustered into aninformation sub-system.

An operational function is a class of any one or more types of actiods, carricd on by the same
or different functional units which regutate the inflow and/or outflow to or from scquence of
levels as a group. A management contrel cenire is one or more management people together
with their supporting staff which acts as a decision centre for a group of functional units or for
a group of subordinate management control cenires. "
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Partof the. MIS is ava1lable for use by anyone in the organ

 a part of the public MIS, whereas the informatig that 3
 calls, letters and memos sent on a personal bam‘;?t

. An information sub-system is a special. opétational function unit and MIS is an operational =

funct1on whose parts (corresponding to functional umts) are information sub- syslcms of other '

operation functions. We could also think of an Operanonal Conitrol:‘Module as that part-of an

1nformat10n sub- -system whlch supports the functional units of an operatronal functlon A

_Managemcnt control module is that part of an information sub- bystem which supports the
" management control centres of an operauonal function. Parts of information sub-systems,
“termed modules, are the basic entities which help in adoptrng a modu]ar approach to an MIS

design. The use of modules is desirable because it allows 1mprovecl project control. The. -

o ‘modules canbe wnttcn and tested sepdrately allowmg morc eff1c1ent p]anmng and 1mplemen— _
' tatron in phases g

-_The Non formal Element

An MIS model has to réflect formal and. 1n[ormal flow of oommumcatxon of mesnges/data/-

: mformatron At the bo tlom is the physwal system -the workers and all equ1pmcr11 and facilities
used to produce the products and/or scrvices. Internal data generated here is passed on to thc-
information processing resources {which could be ‘manual or computer based, preferably

making use of a data base) which generaie mternal mformauon formally. The intérnal and -

 éxternal env1ronmemal information is. passed on 1o the appropnate cxccutwesfmanagers who .- S
“also acquire ontheir own internal and externdl mformauon onaginformal, non-formal manner.
Gordon Dav1s has conccptuahsed the vanous MIS compon nts

art as- shown m F1gure VL.

ation, and part is prlvale, rcstncted
case of computer based MIS) is -
executive receives from telephone
amples of the private MIS. Likewise,
he fbrmal MIS is prescribed by proccdure such
has'no spelled-out routine. The size of the four
ik the largest bemg publrc- formal and the smallest ’

to only the person estabhshmg it. The computcr resou

part of the MIS is formal and part is infor
as computer programme The informal
boxes in Flgure Vil are what 1toug_ bel

‘Public| - . public formal - ) blic
a . o .o informal
S U o L Private
.Prw_ote - Privale fo_r.ma.[ ) informal
Formal . .- - - Informal page

. .l-'igure 'l-’ll_: Di.\'l_s"f\fllh' l~.o.r_mal & Inlurm:ll (.-omponehl_s:_ )

being prrvate mformal (wh1ch inan 1deal case ought o be at the zero level whlch perhaps w1l! :
never occur) Aftenition must be dlrected also'to the informal organisation structure. Manage-
mentshould try to identify mformauon needs that are not being fulfilled by the formal system

: and 10 1_nc0rpo_ratc as many of thcse flows into the formal MIS as possible. Certainly those
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informal pewer centres of the orgamsatlon that can mﬂuence the sucess of the I\LIIS should be
identified and included in the design effort. ‘One often wonders whether an|1 MIS should

'stralghtaway be superimposed on the exlstmg erganlsatlon structure

. 17 6 DESIRABLE CHARACTERISTICS OF MIS

It would be proper if we recall the desired charactenstlcs of mformatlon i.e. accuracy, -

' nmelmess objectivity, relevance, conciseness eic.. You will discover that some of these

characteristics are also the desirable characteristics of a good, effective and efficient MIS. The )
process of developmg an MIS is neverending, as orgamsatlons strive to take advaritage of new -
technology and methodology. The evolutionary process followed in achlevmg an MIS is

" called the MIS life-cycle which consists of phases in a sequence of planmngl analysis and
; de51gn, 1mplementat10n operatlon and control. The manager is ultimately responsible both for .

developing . and using it. The information specmlnsts ought to-serve as valuable technical
assistants. No doubt, the information specialists play a vital role in the development of MIS. -
They often trigger the manager’ s interest in a new system by informing the manager ofa new

* technology. or method. Though the specialists recommcnd a particular system de51gn, it is.the
‘manager's responsibility to approve its nnplementauon Once the manager makes the decision,
itis the information specialist’ task to implement the sygtem, The MIS would have to preferably

' cater to the managememfleadershlp styles also. If ther ould be. greater user- 1f|1volvernent at

all stages.of the MIS llfe cycle then the end results d tend to be SUpETior.

'The system should help eaeh executive in hln-makmg prncess for probl|em 1dent1f1ca-
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' tion, generation and evaluation of alte

ative cOwfSes of action, to acquire necessary feedback
ke carrective action. The MIS should develop-

on 1mplernent1ng his decisionand help

- the much needed managementin ai_' rather than facts. It should prov1de rélevant data in
a summarised form_ to the hlgh lons viz. the system should be mtegrdted through a

‘centralised data base to gmwdowr®on redundancies, overlaps and costs.. Apart from the

approprlateness of inforn? tdifferent levels, it.is important to recognise! that different
typesof 1nformat10n arerequi dforplanmng, control; and other managerial functions. It might

._hecome necessary -to: computerise your system especially. if you are dealmg with a large
complex orgamsatlon or if you find that the existing manual based MIS is not in a positionto

provide you with timely information. Make sure that the reports churnedout from the MIS are '
‘relevantand meanmgful They should be easy to understand andread with good dpcumentation.

It is a good practice to distribute the reports. only to those that genuinely need and make use of |

. it. The MIS should be robust but at the same lime it should be flexible and serlsitive enough

to cater to relevant charges in technologies, methodologles and the changed paralmeters “There .

should be_ some lype of a review undertaken periodically to assess the worth-of the MIS. -

'In this unit we have tried to coneeptual ise mana gement information and controf systems The

conoepts of data and information havmg alread y been outlined in the previous unit, systems
conoepts and systems approach were dlscussed in this ugit. The systems approach advocates -
an integrated, holistic, systematic and SClcnllflC approach. Next certian oonce(jts of manage- -

'mentwerewsnedagam butdiscussed mtheoontextofMIS Amanagerls primarily adecision- '

maker and a problem-solver Informatlon is one of the prime rcsource mputs KT hlS decnswn-

.
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making. it becomes necessary (o provide the right type of information to the right decision-
maker at the right time. Thus the need for an effective system 10 provide information to
managemem at all leveis. The whoie organisation could be thought of as an information
~ network, both formal and informal, connecting variows decision centres at various levels.
Managers atdifferent levels perform different managgerial funictions and hence require different
types of informétion. A conceptual framework outlining the desirable featurésof. MIS have been

described which-could lead you tow! ards the deblgn of an MIS if youdo a tittle more reading _
on the subject. . :

17. 8 KEY WORDS

Analys:q The methodlcal study ofa problem Eepecmlly the modularlemg of a problem into.
smallerand simpler problems. Usually used ina nonbusiness sense (such as numerical analysis,
operations analysis) unless combined with a business term. ' :

Audit: Exammatlon and venfl(.dnon of records. |

_Bmary Dlglt Either of the digits 0 or 1. A:,lngle digit of the bmary number svstem Bitis the
contraction of binary dlglt

Business: The purchase and salc of goods in order to make a profn As used in this bloek
business encompasses the professions and industry, any trade oRgoods or service, manufactore
or other activity engaged in for profit. Any institution or #goup of people engaged in such

activity _ . Q .
- Business System: A system used to accomplish som Qudiness geal. Typical business system
include accounts receivable systems, payroll S?, banking systems and so on.
h

Central Processing Unit: Directs the o ion Of other units in a computer and performs the
"data manipualation and computations ne "effect the desired transformation of the input
.data. Frequently written CPU. WpéMthe wdrd computer.is uscd to mean less than a complete
computing system, 1t generally dlhe CPU. In eomﬁuters referred to as main frame

Communication System: Used 16 convey data from one point to another. Cons:sts of 3.
MESSAZE SOUrce, message channel and message receiver. Also catled data transml_ssmn sytem
data communication s'ystem and the like. . '

Componeants: A part of system An element of a larger thing. See system and sub- System A
_component is generally a sub- -system unless it is too simple to be considered a system at all.

-Cycle: A sequence of operations or.activitics that are repeated regularly (though the operatlons
may be varied from repetition to repetltlon) ' :

Data: Some reprcsentatmn of facls, instruclions, or concepts. Cohﬁnonly repicsented in
symbels but in eomputensed buinecss systems it is generally represented with graphlcs

Data Base: Some number of files. Most data bdses have names (eorporate base, flnanelai data
base, produetlon data base and so on). -

' Implementatmn' The step in the system life-cycle where a system desxgn is censtrueied asa '
real business system..

Information: The mcaning humans aqs1gn to data. Thc purpose ef an lnformatlon systems is
the production of information from data.
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'Installatmw The step inthe system life- cycle where anew busrness system is put rnto use. Also '
used to: mean a busmess or computmg facrlrty ' - -

'Management by Exceptlon. A prtncrple of management where attentron is focused only on o
- petformance. The phrase. used in connection with the presumed action requtred where reports
on performance differ from original projectrons Characteristically these 1eporis. brrng out
__‘favourable and unfavourable‘ varranoes the latter bemg the basrs for "Mapagement by_' :
exception'. - ‘ : : - '

: Management lnformatron System° A busrness appllcatron that collects mamtarns, corre- _

-lates, and selectrvely dlsp,lays mformatron toass;rst human belng in deersron makmg Generally_ x
 denoted by the aeronym MIS : : R : : .

o '-'Message. The 1nformatron o be transmrssted by a commumcatron system '

: : ) Mrcmpmgramming Using a programme to specrfy the 1nter-re1atronsh1p among the sub-'-'
-systems of a° computer when the computer is berng vrewed at the archrteetural level These_ _
_ programs and the hardware they control are often referred to as firmware. Mrcroprogrammmg
_perrnrts redeftmtlon ofa oomputer s hardware, machme language 1nstructrons w1thout makmg'
- any wiring changes. ' : : :
' Module. A part. ofa wholc

~Organisation: Either (1) an mstrtutton, body of peop organrsed for some purpose or the._ o
administrative personnel ofa busrness or (2) synonyo ug with strueture '

Storage' A mechantsm into whlch data can bef
- it can be retrieved at a later t1me Loosely anyNge

_ System. Some number of ¢ components ct in sucha manner that the whole is more than-' .
thesumofrtsparts . S : T S

gd, in which it can be held, and from. whleh; .
amsm that can store data. . :

| llfe cycle were a detalled study is made of the need- :
- anr:l its solutions and the ¢ ment in whleh they must exrst P
e Systems Life-Cycle: The%ee of steps through whrch a typrcal busmess s;}stem passes "
need oonoeptton, feasrbrltty study, system analysrs, clestgn, 1mplementat10n testing mstallatton '
S or conversron, productlon maintenance and oessatlon This cycle has also been stated as -
©2)" conception, o
'3) wild enthusiasm, . .~ -/ 7

: Systems Analysis: The step in th

) 1ol confusion; -

| -S)""search for the gurlty, L
6) . pumshment of the inpocent,
7)., promotion of__nonpartrcrp_ants _an‘d S

C _..3) : need R

. 17 9 SELF-ASSESSMENT EXERCISES

S Dtscuss fully the purpose of an mformatton system

2 :Drscuss why management needs mformatton Is it possrble for the management of an
o -.orgamsatronto make effectlve decrsrons wrthout th?e ard of an rnformatron sytem‘? D]scusc-' .
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"In the end the 1nformarton system must be recogmsed only asa foundatron for human
]udgement msrght and 1nvent1veness Drseuss

4 - What impact does the 1mp1ementatlon of programmed decrsron makrng have on the
management system of an orgamsatlon'?

K

5 "Formal information can 't do much 10 help top level decrslon-makers" DlSCUSS

6 Sketch and explain a schematic dlagram of a system with its management constltuents
input relation to the environment and its 1nformatron system Choose any organlsatlonalr
system with Wthh you are famlhar

7 Compare and contrast [ormal and mformai mformalmn Give flVC examples of each

8 - Visitan orgamsauon of your chorce and describe its. information system Isit based on the
hierarchical or systems approach or a var:atxon thereof’»’
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BLOCK 6 SYSTEMS ANALYSIS
.AND COMPUTER
LANGUAGES

This block cornpnses thrce units. Umt 18 deals w1th the demgn and development of Computer
Based Information System inan orgamsauon dlscussmg extenswely the System Llfe Cycle.

The second unit (19) gives the basic mstght mto computer programmmg with the help, of
programming illustrations, dlscussmg hlgher languages and preparatlon of row dlagrams
before wrltmg programmes -

The. thlrd and last unit (20) spemflcally deals’ extenswely with- COBOL programmmg,
explammg in detmls all the steps and olher spec:flcatxons mvolved in it
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| UNIT 18 SYSTEMS ANALYSIS AND DISIGN

. J

'_ Objectlves : : o
After gomg through this unit you Shoulcl be able to .
@ understand the desngn and development of Compul,er Based lnformauon System (CBIS) in
_ an orgamsatlon ' ' : :

. @ know about the varlous aspeets and eomponents of SyStem Life Cycle ina CBIS
. have an idea about the importance of ﬂow dlagrams in demgmng CBIS.

Structure S

18.1 Introductlon

18.2 System Llfe Cycle
/18,3 Data Flow Diagram
'/18.4 Data Dictionary
18.5 Decision Tables
18.6 Decision Trees
18.7 Strdctured Eng_liSh

_18-.,9 Self-assessmem Exerases T e W
18.10 Further Readings -~ o i-;é o
18.1 INTRODUCTION ’{?s T
SyStemS analysis and désign pro\ridesa : app'roachto the design and deirelopmeniof - 7 '
- Computer Based. [nformation Sys_te g CB . The tasks involved in the design and develop- ' -

ment of CBIS can be broadly clas Q‘; 0-three categorles ‘namely (i) Systems Analysis, (i) *
Logical System Design, and (jii) PhySiCa 1 System Design. A Logical Desrgn provides a logic -
for obtai ining the desired outputs from avallable inputs.. A Physical design maps the loglcal
demgn onto the’ physncal hardware ofa oomputer syslem

A Computer Based Information Syslem (CBIS) is a set:of software packages whlch when
executed prov1des information for decision- makmg Designing and developing aCBIS is one.
of the most important activities inany orgamsatlon, as it involves people at dlfferem tevels i in .
the orgamsatlon Like any hvmg orgamsm a.CBIS also has.a hfe cycle. ' -

_ 18.‘2.SYST'EM LIFE CYCLE

- The various slages in the life cycle of a CBIS are descnbed below:

' ObJectwes The first and the most- 1mportant step is. to provrde a nroad statemem of :
orgamsauonal objectives, for the proposed CBIS ThlS is primarlly arespon51b111ty of the top
management - : : S

s

FeaSlblllty The hext Step is to examine the feambllrty of the proposed system. This mvolves
evaluating the costs and benef its of the System Imually a rough cost—beneflt analysm wdl be
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.
sufflclent for the top management to take a dec151on elther in favour of or agamst the proposed |

"

'Costs mclude cosis of demg;u, development, 1mplementat10n and malntenance uef the system
Benefits will be realised from the timely and accurate generatlon of required information to
“'meet the stated objectives of the organisation. Ii is to be realised that a data base. created fora
pamcular CBIS application usually serves other applications as well 1o a. certain extént. For
example adata base for pay roll accountmg canbe used for appllcaltlons suchas P}owdent Fund
(PF) accounting, Retirerient Benefits accounting, Personnel Information Systems etc. Such

o mdlrectt beneflts also should be cons1dered in the feasﬂnhty analysis,

Feasmll:ty study is.a part of Systems Analysxs Experience has shown tha delaymg or
ne glectmg feasibility study is. one of the major reasons for the farlure ofa CBIS. :

[
.. Systems Analysis: Systems 'Analys:s is the next stage in the lif¢ cycle of a CBIS. This step
involves the followmg

' understandlng the orgamsatlon to 1dent1fy the flow of mformatmn between dlfferent levels -
in the organisation ' - ' |
a detailed examination of the pmposed system (a pllcatlon area) for CBIS -
identifying alternative approaches to mect the @bjmllvm of the Systelm | -
evaluating the costs and benefits of each alternativg detail, and final_ly _ '
choosmg the’ most appropnate alternati SIS . '

Systems Analysxs mvolves team work n51derable amount of time. A clearer plcture of
costs and benefits of alternative appgoachis will emerge from a detailed study of the proposed”
system. Involvement of ulumal@

' tion will be relatively casy. |

acceptance of CBIS upon igple _
System Desngn (Logica%wdmg Loglcal System Desngn for the choseh alternative

_involves: . _ _
' * understandmg user requlremems _ o ' |
@ ideniifying data’ requlremenls o _ ' N _
@ suggestmg a logical orgamsatlon of data,and - . B |
_'. suggestmg a logical prooedure to produce the desired outputs from avallable mputs

Ttis very 1mp0rtant that we understand the requlremcms of various users in the orgamsatldn
. Users at different levels in an organisation have different information requtlrements for
-~ decision- -making. Information requuement can be broadly clasmfled into three groups as
follows:’ : ' " :
@ monitoring and control decisions -
- ® planning decisions, and o |
® policy and strategy decisions. : | '

L Detmled discussions between system designers and ultlmdte users is very esscnual 0 esumate '
* . users' requirements clearly, This includes 1dent1fymg feport conlents, frequency of reportmg, ;

_ formating of reports and preseatation of reports (tabular vs. pictorial), for each user. -
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After estlmatmg users’ réquirements, a system designer works backwards to 1dcnt1fy data-
rcqulrcmcms This includes identifying data sources, the ndturc and type of data that is
available, and data gaps.

The nextstep is to Cbtdbllsh a procesqmg loglc to'produce the desired oulputs from the available
" inputs. This step involves data flow analysisand a data processing anlaysis. Data flow
analysis helps us to-arrive at a logical organisation of data into computer files. A file is a
collection of similar records, each record has a number of data items (fields) of informaion
of a particular entity. For exampie, a payroll file will contain many payroll records, each record

carrying the necessary data items ({ields) of 1nformdnon of an cmployee like name, designa- . .

tion, department, b?HlC salary, etc.

A logical representatlon of data flow amalysis and data processing analysis ina CBIS can be
effectively provided through structured system demgn tools. These are:

@ data flow diagrams

@ data dictionary for data flow analysis

® decision tables :

® decision trees, ang

® structured English for data prouessmg analysu, : : _ o

These tools are highly re_com'mcnded to present a well docum cl and sell explalned Ioglcal

-system design. These tools arc cxplained in detail I¢

System Design (Physical): Whilc a logicalglegign provides an estimate of p'rocx,ssing -
requirements, a physical design involves ma ng' the loglcal design onto the physu:al :
hardware. of a computer system. Upgr. the Existing hardware .and/or acquiring a new
computer sysiem if required to mect the Wocessing requirements is also undertaken a,t (“this
stage. ' '

Subsequently, file ‘organisation detalls are worked out and appropriate file organisation
methods established for processing and storing data. File organisation methods can be broadly
classified into two types - serial access organisation and random ACCess orgamsatlon These
methods are discussed in detail in another unit.

Asystem [low chart is wmmonly used to present the physical system design. It is to be realised
‘that a system flow chart is different from a programmc ﬂow chart. A detailed discussion on
system flow chart is given later.

Implementatiow Actual programming is undertaken at this stage 10 implement the proposed
CBIS in the available hardware. This dctlvny 1nclucleq :

@® programme development

@ debugging of programmes: i.e, spattm;:, s and correcting errors in programmmg

@ testing of individual programme modulub on bdmple data

@ implementing the entire system on the computer

@ geiting acceplance of the CBIS from its users

@ providing uscr Laining, and
& preparing user manwals and documentations.
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ThlS is the most tlmc eonsuming aclmty in thc life cycle ofa CBIS and is also the oostllest 3

activity. Systcms Analysls have a tendency lose interest once all the- programmes are-
- developed and tested 1o their own satisfaction, and. niot necessarily to the satisfaction of the
- users. This’ tcndency is dangerous and should bé avoided at all cost. It is the responsnblllty of

i systems analysts to properly document their) programmcs, plepare uscr manuals prov1dc user . .

tmmmg and gcttmg acceptancc for the. CBIS from its users.

g Mamtenance° Mamtenance follows a suocessful 1mpIementat110n of the CBIS As users

. devclop faith in a CBIS, thelr demands on the system will grow. The system design s should be

flexible enough to accommodate future Tequests, refinements, modifications, and changes to -
“suitusers' requlrcmcnts Well documcntcd loglcal and: physxcal chJgns ofa CBIS wﬂl facﬂltaic
- its; maintenance cons;derably

' The_ folIOW_mg table s_ummans_es t'_r\lc;vz'_i.r'iu_ns activities in the developmient of 4 CBIS.

. Table 1: System Life Cycle

 Stage - o - _'l}esériptiun"

= _Obj%live_s S . Bn'na'd sta'temenf of 'ect'-i'vc-s A
I _"IFeas_ibi.lity' o '_Rough oost;‘bcnc malysis
: _‘:'SystsmAn_'al._jsis Lo _-Evaluann tlves and éhodsing the most .
KRV .a_p_'prppria Naligrative to meet the objectives

- S:yst_cms Dcmgu (ngical)_ S .: A'b%cﬂ des:gn struclurcd tools like DFD
o : L /Data jonary, Decision Tree, Decision Table, C

ittured Engllsh etc and arrive at systcm )

: R _ qulrcments _ o :

| 'S_YSprI___n_-DcSign (P_hysiéa-l) Detailed system demgn, taking into account

‘available and proposcd hardwarc usc of systcm '

R fluwchart
-_Z'Inj_pleinentaiion ._ o : B Programmmg, 1mp]ementmg and user
o S -documentatlons ' :
Maintenance _. _. S - .' .Modlﬁcatlons and revision for user needs
. 18.3 DATA FLOW DIAGRAM ..

A Data Flow Diagram (DFD) is a graphical represéntation to depict the flow of data in a CBIS. -
" Jtshould be realised thata DFD provides only logical data flow and not a’physical data flow.

A logical data flow in a CBIS can be explained-as follows: Data oiginates from a Source, -
_ undergoes some Processing and terminates in a S'ink"."'l‘hc'proéessing step. may require data
- stored elsewhere in Data Stores, over and above what is supplled by the source. Slmllarly the

'\output of processmg may be an mtermedlate datastore whlch is used for subsequent processmg

R 2_5.4';'




These oomponents of a DFD are presented graphlcally, usmg the followrng oonventrons B
. @ a closed square box to denote source/sink - o -

L an open rcctangular box 0 denote 1ntermedlate data store .
- ®a crrcle to denote processing, and

@ an arrow to denote the. drrcenonal ﬂow of data

-For exainple, consider the case of a 'pay roll aCCOUnting’ systen, 0 prepare salary's'tate'ments
foreachemployee ofan organlsatron Dala flow. for such asystemcan be represented as shown

below in Frgure L
‘F_ignre.l : A DFD for' Payroll Processing
| _ . : S ‘,\ﬁ‘“ -/ EMPLOYEE
. 1 .dataon. e N
ACCOUNTS | cmployees PAYROLL }
| OFFICE .  PROCES= [~
\ UPDATEDDATA|
| ONEMPLOYEES .
|
|
- In Figure [, data on employees orj from accounts office (source), gels processed,salary
‘ \ statements go to employees (sink), dated dataonemployees (e.g- totaltax deducted, total -

_contributions to provident fund, etc.) is stored in an mtermedrate cornpuler file (data. store) .
. _whrch is needed: for subsequent processmg next month

- ADFD drsplays data flow i m a top-down appmach Thereforc we start wrth a macro DFD and :
explode it' into micro DFDs Care hastobe exer(:lse{i to provrde Clarlty for each level of DFD.
.. Towards thrs 4 standard pracuce IS :

o

a) not to use. more than one page for one DFD and -~
' 'b) not to show more than 6or7 c1rcles (processmg steps) in each DFD

The {ollo_wmg Figure \i_llustrates this _prat_:tic__e.




" Figure l_l.: A DFD Payrdl Accounting

- statements|’ :

gross salary
on employees

dataon - el

' _Comp:uting
Net: .

ACCOUNTS
OFFICE

"updated
- data on
employees

deductions

- deductions on : ‘ o
various categories :

- While exploding a DFD into lower fevels, it is very essential to maintain a continuity and
linkage between a DFD and its member DFDs. This is achieved by numbcrmg each circle
(processing step) by adoptmg the numbering system text books Inatext book, chaptcrs
are numbered 1,2,3,... ... sections within a cha ve numbers as cxtensmns of the

crcda5123 ..... 11,12, 1.3, 111,

chapter number, ¢.g. 1, 1 1. 2 1.3,.... and sub- @ within each section numbéred as .11,

1.1.2,1. 1 3, etc. Slmﬂariy cncles in DFDs ar

1.1.2,...... ) R _ ‘
. Thc folIowix_;g—Figurc illustrates this« xgcomémion; ' : S
' | * Figure [11: Numbe Vention for Processing Stepsin DFD. -~

| PROCESSING .

Suchahf.erarchlcal approach to drawmg DFDs prov1desaclear logu, for system de31gn,a propcr
documcntatlon of prooessmg steps and-an cstxmatc of proocssmg reqmrement ‘
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18.4 DATA DICTIONARY

A Data Dictionary (DD) is intended to provide a edmplete documentationof all the elements
" of a Data Flow Diagram, namely data items, data stores, and data flows. Data descnbcd m a

DD carries the followmg details.

Data type
Data name
" Data aliases

Data description
Data characteristics

Below we describe the contents ofa DD. for a sample data item, data store and data flowfora
CBIS on payroli accounung

DATA ITEM
. @ Data type

' ; @ Data name

@ Data aliases
@ Data description

~ Data characteristics

- Type
‘Width

Associated data stores

* Associated data  »
processes

Comments

- DATA STORE

@ Data type

@ Data name

@ Data aliases

@ Data description

‘Monthly grosQi

Data 1temfdata store{data ﬂow

Name of data item/data store/data flow
Alternate names used for convenience by muluple users.
A short dcscnpuon of data, explained in sn’nple terms
Characteristics of each data type.

A data item is characterised by its type (numerlcf‘
alphanumeric), width, etc.

A data store is characterised by its composition (set of
data items), organisation (sequential, random), etc.

A data flow is characierised by its origin, destmatlon,
etc

O\)

oE an employee

Data jtem
G-SALARY
Wages

Numer@
72

4 dlglts for the rupee component

1 digit for the decimal point

2 digits for the paise component

Payroll file

Personnel file

Payroll file

PF accounting

Personnel information systems

Gross salary is based on employees desngnatlon and hence
falls wlthm a speclhed range

Data store
Payroll file
Salary flle

- Master file on empIOyees for payroll accountmg
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Data characteristics

Composition

Ol‘ganisalion
Volume
" Size

Associated dala
Processes

Inbound data flow
‘Cutbound dala flow
Comments

DATAFLOW

- B-Salary : ' ' i
~ Department : |

G~Salar§

EMP-NAME | ‘ | |
Diesignation

Sequential fife |

1000 records (approximately)

350 K byles (approximately) per record
Payroll accounling.

PF accounting

This lile gets upgaigd evEy month at the time of pay roll.
processing. On§ $1age, about 5 records are deleted per

are added ntl: (new appointments).
: |

S

- month (1'6%:&11!;/1. ing the organisation) and about 10 records

® Data type aty
@ Data name . ; A ON EMPLOYEES _

@ Daia aliases

@ Data description
Data characteristies
Origin

:Destination

Contents

Associated data
processes
Associated dafa
SLOTES |
Comiments

Dalz on employees required for payroll pr‘océssinkg.

Accounts office ' |
Frocess 1 in payroll accounting _ .

EMP-NAME !
Designation '
B—Salary _
Department ) o : |

Payroil accounting
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18.5DECISIONTABLES —

A decision table dlsplays and documcnts clearly thc proccssmg loglc [or each processmg sf.cp
1dent1hcd ina DFD. - :

A d_ccm_lon_ta_ble has th_(j, -following structure.

" Combination of conditions

Condition_l _ Y

* Condition2 _ T . ee
Condition3 Y . B
Action 1 _ _ o
Action2 _ Y . ) - o ..4(‘.. . e

~

-

This table is to be read from top to bottom one column at atime. For example mterprel column -
1 as follows; If condmons 1 and 3 are satlsﬁed then take actlon 2 o

For illustration, consider an ‘accounts receivable' apphcdtl_o Corporatlon Customers _

. .are prioritised based on how much they owe, to ABC Coggoratidwénd for what length of time.
The folloWing procedure is used to classify cusl;ome B,C categories. A customer is a

- Attype customer if the amount due from him is ngt for than one month, A customeris C

‘type customer if he owes at least Rs. 6,000 for a xcccdlng 2 months or if he owes léss
thant Rs. 6,000 for a pcrlod sxoeedmg 3m . A4l other customers are classified as B type
CUstomers. R . . o o _

This logic can be repre'se_méd in a.@n table as Shown below:

C| Period due :- Iess-tha‘n]mon[hl o | Y x|

?1 _ ' ~1-2months | - - ":Y_ Y _

d " 23months | - |} Y |Y

i _ - moreihanSmomhs-'__ | S E vl v
ci) Amountdue less than Rs. 6000 Yl '. Y - Y

M ' AtleastRs._-iSOOO R R 4 T I B ' R IR

Actions : TypéA _Customel"-" Y |Y

‘Type B Customer 1 YL Y |Y .
Type C Customer | . | . | Y 1Y Y

@ DO = B




| 18 6 DECISION TREES

A decision. tree is another way to document proccssmg logrc, speclally whcn the number of
alternatives is not 100 many.- o :

Combinations of conditions are represented along the branches ofa decrslon iree. The outcome

-~ of each of these combinations is given at. the end of the fmal branch For 1llustratron, the
processing logic followed by ABC Corporanon for prioritising uts customers (mennoned in
section 4) can be explained in a decision tree as follows: -
' ' Customer '

TypeA -

TypeB -

'-'187STRUCTURED ENGLISH R

Processmg logrc can also be explamed clearly inastructured Englrsh language For 1llustratlon,_ _' '

the processing loglc t'or ABC Corporatlon can be explamed as follows: .
. IR Perrod due is l&cs than 1 month then customer = A type.
IF pcrrod-due is lcss than 2 months, then customer B ty,pe
BLSE | |

IF perrod -due is less than 3 months, then , : S
IF amount duc is less then Rs. 6000 then the customer =B type .
_ ,ELSE Customer = CType ' ‘
. ELSE Customcr =C Type .
260"
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Structured Englishstatements should be properly indénted and aligned for re&dabiiity Itisalso
~ advisable 1o avoid long statements; :f necessary- break- -up a long statement mto many ! short
~ statements; . . o .

Programming, the '.pl.’OCCSSi.ng logic ina higher level lénguagé is very easy if the lbgic already
explained in structured English. Structured programmmg languages like PASCAL are based
on structured English statements. :

18.3 SUMMARY

In this unit we have explained in detail a few structured tools to aid the logical and physical
designing, developing, implementataion anid maintenance of a Computer Based Information -
‘System. Decision tables, irces and data dictionary have been discussed to help logically depict
the flow of data, in a CBIS, through Data Flow Dlagram Available hardware, choice of
'approprlatc programming tools are |mportant cons1dcrat|0ns inthe physu:al demgn of a CBIS
and are dlscusscd in subsequent units.

18.9 SELF-ASSESSMENT EXERCISES

What is a Computer Based Information System ( ?

What are the important stages in the life cycle of s?

What is a data flow diagram? Explain its use\f system design.

What is the role played by data dicti i.a CBlS‘?

Explain the concept of Decmo@: ision Tree and Structured English in dcscrrbmg

th & W N =

the processing loglc

6 Supposc you are dcsxgnmg a system to convert numerical scores © t0 100) in a test
into letter grades (A, B, C, D, F) using the following procedure.

Numerical Score ' - Letter Grade

Less than 40 T ©o -F

40 to 55 : ' . D

55070 ' ' C

7010 85 = _ B

More than 85 o A
a)  Explain the processing logic through a Decision Tabie
b)  Explain the processing logic through a Decision Tree.
¢) - Explain the processing logic through Structured English.

7 What is the difference between a logical design and a physical design?
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UNIT 19 COMPUTER PROGRAMMING _

Objectlveq '

After going through this umt you should be able to undersiand:

@ the basic programming illustrations, fundamentals of programming languages and writing
programmc in higher languagces, :

& developing flow diagram before writing the programme in higher languages.

Structure

19.1 Introduction

19.2 A Programming Hiustraiion
19.3 Programming Vocabulary
19.4 Expressions'

19.5 Loop Struclures

19.6 Subprogrammes

19.7 Miscellaneous Topics

19.8 Summary ' ' o 0

15.1 INTRODUCTION 0N

In this unit we shall explore the subject of prh&fﬂma We will find that Ihe process of
programme development is intuitive and Jjires Yommonsence rather than a strong ntiath-
ematical background. Clarity in logical tiNEINZwould certainly be an asset, and we believe
that it can be cultivated., We shall ver frogramining concepts in our informal thought
process while coping with computat roblems. We shall then elabora e on these concepls
gradually leading to formélising our thbught process. ) -

© We know that a'cumputer is normally used to solve complex problems. Butifweaska question
#s towhat éomputcrs canrcaily do, thecanswer would be, nothing more thana school geing child
would do with paper and pencil, that is, add, subtract, multiply, divide, compare two nuimbers,
and likéwise do some simple operations on a string of characiers. That means methods (o soive’
complex problems must be expfessed in terms of these elementary capabilities of compiter.
That is precisely what computer programming is all about.

19.2 A PROGRAMMING ILLUSTRATION

There are two ways (o cope with complex computational problems. One is to state the method
tosolve itdirectly, if we can, which is normally very dilficuit for a complex prablem. The other
is 10 Jook at the problem as consisting of several somewhal less complex subproblems, This is
‘called refinement of original problem into jts subproblems. If we can cope with these
subproblems, which we can hope Lo do because these are some what less complex, we would
have coped with the original complex problem. Coping with each of the subproblems can be
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seen in the same MANNEr as main problem elther state the method d1rectly, if we| can, or refme
itin terms of further subproblems, and so on. The refinement process can go on until methods
“to solve all the subproblems on hand can be slated dlrectly without the need of any further
refmement

- We shal! 1Ilustrate the process of stepwise refmement through an example ‘Consider the
followmg problem: -~ = - S . . ‘

Find squareroot;of agiven number- -

_ 'The abovc problem is far too complex at this stage. wstate ts solutlon dlrectly Some of us may
“be perfectly justified in expecting computer languages to provide means to ﬁompute such ..
mathematical expressions directly. For the time being we shall assume that no such facility -
€Xists 10 compule a Squareroot, so that we hdve enough motivation to pursue the problem inall

‘seriousness. Moreover, even if such a facmty does exrst, itwilibe i 111 the form of a programme '
'embedded in the computer language We shall try to : velop such a program |

aph we shall just capture our thought

l_et:usstartattaeking the problem. In the following pathy
process: S . 6

"First] must take down the 'given' n§mber. Then may be I can guess a numberclose enough
to the actual answer. Obwousl it wilbe almostimpossible to hitupon the correct answer
on the firsttry. Butiflama improve my guess in every successive try, then [should
be-able to get so close g the ¥fual answer at some stage that I need not try to improve
the accuracy any furt so;-since [am anyway 1mprovmg may guess with every siep,
closeness of my first g to actual answer may not matter much Howdo'I know thai I
am close to actual answer‘? If x is lhe gwen number and ris its squareroot, :then, -

S rXr=
‘or alternatively, =
' = x/r

_-The above relation glvcs mea very lmporlant clue to test closeness 0[ my guess toactual

answer. IfI guess g to be the answer, x/g can also claim to be the answer. Unless g happens

to be the actual answer, g and xfg will be at the opposite ends of the actual answer, and 0

" their average is likely to be closer to the actual answer than either g or x/g. I can continug
unt1l the guess ancl the 1mproved avera ge guess arc close enough N

M) ¥ thought process has, assumed that lor the” given' number the sq uareroot exrsts From the

- relationr = x/ritis clear that the given number x cannot be negalive. If x is negatlve then
rcan neither be posnwe nor he negauvc ‘not even be equal 0 Zero, meanmg thereby that.
r does not exist.” . :

Above verbose thoughtproeeee leads us o retmementof ongmdl problem in term# of somewhdt .
less cornplex subproblems 1n the boxcs as followe ' '




Take the given number x

7I_f X is positive
. -then. .

r
l.
1
|
|
I — : _
. | . o " Find squareroot by successively
g I : . | improving initial guess
|
|
l
|
I
!

Print the answer

" else

-"Déclhré the gi\;e_n mumber
. to be invalid

e

In the above refmemem the subproblcm

I —
| Find' squarcroot by successwciy
] 1mpr0vmg initial guess

-

.-reqmres further refmemcnt, all other subproblems bel%slimably.capable of .direct

o spcc1flcat10n of solution.

'Rcfmmg the above further, . . k O .
! _ - Make initial guess g ?\ IR

e

. ¥
repeat :

Find al r=xg |
Find averafle g = (r+ g)/2 . a o1

until difference between g and r is _ncgligi_b'lc

— — A — ——— —— —
el

19.3 PROGRAMMING VOCABULARY

' We are almost through with our stepwise rc-fincment.' In stating our refinement we have used
some important words such as if _ then _ else, repeat _ until and so’on. Meanings inherent - .
'in these words form fundamentat conccpts in programming. We shall identity few more of such
words to make our programming vocabulary cover all essential concepts in programming, so <
that we are able to develop programs in English language. Of course, to see these programmes-

~ inaction in computer we will have 1o translate the English language programs into one ofthe
compuier languagcs like BASIC, FORTRAN, COBOL, PASCAL, C, etc. But to our -
pleasant surprise we shall discover that most of these languages do rctam most of our

: vocabulory They would differ only in strict enforcement of syntax rules and offcrmg some

advanced level convcmenccs to advanced programmers Our choice of Engl ish as language to.
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‘conceive and develop programs will enable us 10 appcal i our intuitive prphlem -solving
abilitics, emphasise programming concepts, and. retain option of Choosmg|any computer
language or their versions. Programming in a new language would then be simply a.matier of
le?rmng its qymacnc rules and special fcalurcq : | :

S |

inpui X S : Take the given number
if x>0 then o : If walid then try _
| g=x/2" o any guess would do
repeat : : . repeatedly improve - _
r=Xx/g o : allernate guess - . !
g=(r+g)y2 N average of WG guesses !
until abs (r-g) < 0.001  : s it very close? |
printg = & - printthe amswer
“else ' : : if number was invalid ,
print “Invalid input” ;. sayso
endif o -
end ' : end of program-

You will be delighted io know that in the above si 'alc Iookmb program we| havc covered
almosi 111 ihe programming concepis! Wmds i Roid, Wamely,

.input _ ' !
il _then _clse _endif O o !
repeat_ until ?‘ . !
print g _ ' o

end

form sone of the key w ur programming vocabulary. We would iike to maintain that
the vocabulary correspondsW English fanguage to be used by us to develop programs. Such
programs would need conversion to computer language of our choice for im'plcmcmati(m
though conversion cifort would we aegligible for 2 modezn structured compuicr language.
Would you be surprised if we tell you that the squareroot programe developed by us in -
structured English language would be acceptable (o Micreseft Quick BASIC (Version 3.0) on
CIBM PC compatible machines if we just change repeat until to do _loop until?ithe Microsoft .
Quick BASIC 3.0 will be our oiticial implemenialion langusge, since g}mgm ms developed in
structured English will require minimal coaversion effort 5o change them 1o that language. For
those of you who do not have aceess 1o Microsolt Quick BASIC, or who prefer BASIC of any
other pedigree Or any other camputer language for that mdltcr we shall E,m, Umdmnu for
CORVErsion. _ _ _ 3
Apart from- key words, we have used several other programming concepts. \We ‘have used -
numeric constants such as 2, 0.001, and string constant 'Tnvalid input'. We hwc also usad
variable names.x ,gand ro identify various quantities required by us. We have usdd P)’pr{’%‘-}l()!lbr
suchas x>, x/2, {r+g)/2and abs (r- 0) <0.001 to compute required quantitics. We have even
“used a standard library functionabs( - ) which i$ normally avaitable in all computer
languages. We shall now claborate on these terms and concepts, |
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. Constants

These have fixed value in the Sense that 2 cannot be equal 10 4. Strmg mnslant is c;lmpl) a .
. seq ucnce of characiers such as lnvand 1npul' Whth isa strlng of J 3 r‘hardctcls The Umeric
constant can be integer rcprc‘scntmg whole qudnuues or ﬂoatmg pomt number with a decimal -
pointto represent numbers with fraciional part: Constants would be probably the most f‘.mllmr
conceptio us since we have used them in doing everything that has to do with numbers. Numeric
constants can be added, Subtrdued multiplied, divided, and also compared o say wheihu two -

of them are eaual not cquai lcﬁs 1h'm of grcw,r than cdch other. '

As string constants are sequence of LhﬁfﬂClch a rclalcd strong Lonsianl may be oblamed from

agiven om, by choppmg off some Lham-:.tem from bcgmnmg or endd or both, or by appcndmg-
anolher string constarit at beﬂlnmnﬂ or end. For example, from 'Gone with', we can get 'one '
_wnth' '‘Gone w lt' ‘one witlt, 'Gone with wind', and so on. Strmg constants also can be compdrcd '
ina lexicographic (dmtmnary) sense to sz;y whether two of th{:m are equal, not equal lcss than
or greater than each other.- - :

. Variables or Idcntlﬁers S

“These are simply names given by us to 1dcnufy the valuc‘; that we deal wnh c.g. thc gwen
number x, the guess g, the revised guess r, and-so on. E\rcry computer languag ge would impose
its owit set of rules on identifiers restricting length ofa name, an #gpendage character to signify -
type of value it represents such as numeric or string, and S0 8g. fously all of ther would
~ for bid use of key words as 1dent1f1crs Somc langiiaggssgdisti sh upper and lower cases
(CAPITAL and small lcuers) in the sense that SURSUresh are considered to be iwo

different 1dcnt1t1crs

19.4 EXPRESSIONS

" We know that we can express inténi_ﬁé:_ticoperations using expressions suchas %/2, (r_

"+ g)/2 and so on. Several simple expres¥ons can even be nested logether using parentheses to

. form' complex expressions. Every computer language would give order in which various
. anthmctlc Operators are evaluatcd ina gwen expressron An cxpressmn may oontam operators
such as -

parentheses : o ()
exponentiation - o ~
negation’ ' o
_'multip'lication division = o 'x,:;’f 1
.acl(:lltlcm1 subtractlon S H, -_.' ‘

The opcrators are evaluatecl in the order glvcn above For cxamplc the cxpressnon :
2+8x(4- 6f3)f 2*4 ‘
~can bc consmered fo be evaluated as follows:
2+8x (4-6/3)/ - 2"4  sub expression (4- 6;’3) taken up fll'St _ :
24+ 8x(4-2)/-2"4  division 6/3 w1th1n (4- 6f3) has hlghcr pr10r1ty than 4- 6 v
2+ 8X2J.—_f2’f4 o | sub{ractlon (4 2 done next o




' (4-6/3) is now oomplcte : -
2+ 8x2/-16. ' exponcntlatlon 2"4 next fOllowcd by nbgatlon 16

2+16/-16  8x2and 2/ - 16 have same prronty
_ ‘but 8 x 2is atleft, so it scores
E 2+ 1 16/- 16 has higher pnomy than 2 + 16
| 1 o - that is the fmal answcr

_ It is usefu] to rcmember order of priority of varlous operators. But lt is safer to simplify
‘expressions and enclose them_m parentheses to avmd_unplc_asant_ surprises. -

'So farwe havé fdcused' onarithmetic expressions Butexpréssion isa véry general concept. We
mentioned earlier that apart from usual arlthmeuc we can compare numbers or strings. We do
it by usmg relat:onai operatoxs in relational cxpressnons The relauonal operato}s suchas:

<> "notequalto_' o o o r
< less than a : |

> greaterthan
<= less than or equal to

»=  greater than or equal to : _
- have same ievel of priority among themselveg.but 10w€r pnomy than arlthme1tlc operators

mentioned earlier. The relational expressionsf in one of the truth values, either TRUE or
FALSE. We should not confuse truth values, N or FALSE with string constants "TRUE'
~and 'FALSE' respectively, just as we et rmxed up bétween number 235 and-string

constant'235". As a pumber, 235m ething (i.c. a value representing two hpﬁ;rcd thirty
five), butasa string constant, 'Z%mngless sequence of three characiers. Similarly, as.
truth values, TRUE and F. sent meaning o fsome assertion implied by resultof some
relational expression. So\@uter langudges cxpllcltly provide logical constants. TRUE.,
FALSE., and/or.. YES., No.N6 represent these truth values. Other languages use .integer
constants to implicity rcprm;ent the truth values as for instance FALSE is usually represented

: .'by number 0, and any non- -zero number is considered 0 represent TRUE. When a relational
. expression such : as (3>5) is evalualcd to be FALSE by such languages; a value 0 is assigned,

- whereas (5<7) would be evaluated as - 1. Now, since - 1 is a non-zero number, it is a valid
reprcsontdtlon of truth value TRUE, though some of us becomc uncomfortably em¢ tional about’
'using a negative number for thc purpose., ‘But Ihose of us who are aware that numbers are
internally represented in oomputer asasequence of bits would appreaate virtues ol‘ 1ashaving '
all its bits at level 1. So at this stage we may grudgingly accept superlorlty of
representation of TRUE than any other non-zero numbcr '

Note that rclationa'l eXpressions are capable of comparing only two values separated by

1 asabetter -~ |

appropriate relational operator. If we want to express idea such as whether number 7 happens

1o be within two other numbers 4-and 10, we may be tempted to write relational Kpression 4<
= 7<= 10. Such reasonable expeciation from us may be a bit too complex fo:f a computcr"
-~ language, Then we need 10 explain our idea i in terms of simple’ reiational expressions such as °
- (4<=TAND (7<= = 10) would meari that 7 is between 4 and 10, Likewise (2<4P )-OR (10<2)
‘would mean that 2 is outs_ld_e 4 andl 10. Inthe precedmg examples we have joined two relational
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expressions using logical obcrators'AND OR 1o ekpféss our complex conditions to foﬁﬁ what

is known as logical expressions. Among other logical operators NOT snmply negates atruth =

- value in the sense that NOT TRUE is FALSE,.and NOTE FALSE is TRUE. The logical
operators have prlorlty than relational Operators.; Among lhemsclves they have lhe following
ordcr of pnorlty dunng evaluation of logical expressmns ' o :

Operator ~ Meaning N
NOT | Simply negates a truth value.
| ‘Not (2> 5) is TRUE .
AND TRUE if both adjoining expressions are TRUE

(4 < = 7)and (7 < = 10) is TRUE

OR ' FALSE if both adjoing expressions are FALSE
: (2<4) OR (10<2) is TRUE as (2<4)is TRUE

XOR 'TRUE only if one of the adjolmng expressions is TRUE and other -
o is FALSE. The XOR lias same priority as OR. ’
(4<=7) XOR (7 < = 10) is FALSE

EQV This is opposite of XOR. < o
- ' _FALSE if truth vatues. of adjoining _c'xp®ﬁ are different
(2 < 4) EQV (10 < 2) is FALSE -
(2> 4) EQV (10 < 2) is TRUE .

IMP - FALSE only ifpreceding‘e' iowfs TRUE

(2> 4) IMP ( i
(2>9 IMP(@E TRUE

Of the six logical operators NOT, AND, and OR are sufflclem t0 eXpress any loglcal condition.
Any expression involving XOR, EQV and IMP can be converted to equivalent cxprcssnon '
involving appropriate combination of NOT, AN D and OR. So there is no cause for concern it
some of us are bit uncasy- about meaning of XOR, EQV and IMP. Of these XOR and EQV may
have some natural appeal. But many who are new -to logical expressions would find IMP
difficult to swallow. To get some intuitive feel for’ IMP opéralo'r remember that we shall refuse
to accept the assertion. 'Truth of A implies truth of B‘ if A is TRUE and B is FALSE, but gladly

acceptthatboth A and B are TRUE. However, Lan we refuse the assertion if A itself is FALSE? -

By the way, A IMP B is equivalent io NOT A OR B, which means that it is FALSE only if A
is TRUE and B is FALSE, and in all olhcr cases it:is TRUE. S

; Although our discussion on exprcsmons has bccome somewhat verbose, wrltmg these '
expressions in our programs would presumably be quite natural as we are gomg io take Engl 1sh
language route to develop programs. Crucial would be to grasp ‘conditional expressions (i.e.
relational and logical ones), also known as boolean expressions. They are to be paturally
expected around terms such as if, till, until, and while in our thought process as thcy naturaliy
mlply some condition to- be fulfilled.
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| Input statement

- Syntax: mput = list of vanahlc‘;

- BASIC: Janguages this is also i knowi as' LET statem

inmostof them. Note the uscof_asd_ss;lgnmcnto ALOTN uwould recall that it was alsoused
* asrefational operator. Some purists jusl_ifiably-

| x=2=2is expected 0 assign a valu
* as a relational expression 2=2&eing SRUE!

Exptessi_dhs_woﬁld' be" our basic workhorses. O_ur’ programs '{vould be full of 1hc_1|1i; a_nd whii_c._ '

executing the program, compuict would be. preoccupied mosi of the time evaluating them, But
. it would also be doing other things such as taking some values as input fram an ||nput dewce :
' asmgnmg a value or result of an expression to a variable, sead a valuc for. dl'ipldy to a display -

unit, pondermg to be or not 10 be on some conditional expression, repeating sowme tasks antil

- we are satisfied, and calling some. slave-programs (o perform Spt’LlflL tdsks In the follownng_
dlscusmon we “shall claboratc on these ai,tlons : '

|
:l
We used it to- 1nput given' number. X i our bquareroot program. Thdt is what itis normdlly Use cl'_
for, to supply vatucs 10 a listof variables through input device cuch as kcybfoard On cxccution

a question mark? would be displayed on the screen, in response 10 which we are expected. to
supply scquence of desired valees malching approprldteiy the type (i.c. intcger, ﬂoatmg pomt N

or string lypc) and number 0{ le’ldhl(b in the llé:l, T o |

Assngnment statement

Synlax 1den11fler-bomc exDrcssnm or- 1dmt1ﬁer S | .

gh the key word LET is optlonal,

“This is the most obvious stalemcnt used for asslgnmg due 16 O'an 1dcnuf ier (i.e. |vanable) In
qt {h?

o'amblguou‘s vse of=.In Pdécal :is used
for assignment instead of just = which is used a llonal operaior. In language C, = is-used -
for assignment but == for relational oper e, llkL in Microsoft Quickbasic, shall putup
with the ambiguous use. Context of jiguse itl hopefully resolve the ambiguity. For example, _

P:rint'-statement :

: Syntax prlm_llstofvarlablcs o o S o

This is again an ohvmus way o dlSplay va]ucq of spemflecl list ofvarlables on d;splay screen. . |

~We shall make use of print to represent, ng‘lCI'IC output statement independent lof pamcualr-

output device such as display screen, printer and so on. Computer languages normally prov1de )

-.very rich facilities for making the display as attractive as possible. Display hds a touch of_"
. glamour in it that consumes more than fair share 01 new programmer's time and encrgy Modem’

languagcb provide exotic features like full- screen d:sp[ay, windowing and so on tlhat is clearly.

.bcyond the sc,Ope of this umt You ¢lI’C lhcreforc requested to refer to respective language o '.
"_:_manuals for delalls S : S C o
If then _-¢lse endif structure: ('I'o Bc or Nol To Be') ' '
_Syntdx if (condltrorz) '

;then S | R . |
_ ‘ statements for TaskA' o o 1
. clse T - o _ B _' )

statcments for Task B~ .
endif " |

ccause the cxpre%smn to the rlght of X= 15 evaluated o




This is one of the most important progfam—_strucmrcs that enables a maodern programmer (o
develop well struciured programs. Note that we are calling it as stricture rather thana stalement.
As structure it accommodates statements corresponding 1o alternate tasks (o be performed
-depending upan truth value of the condition. ‘Fhe structure has threc cbmponem_.s_, a conditjonal
expression the truth value of which deiermines the action, a then _ clause dend-}ing task to be
performed if Lhe condition is TRUE, and an optional efse _ clause with task to be performed
if the condition is FALSE. 1t is highly recommended that ihe structurcd programs be
appropriately indented to properly delineate boundaries of various clauses and structures. Our
stepwise refinement wili gradually and naturally unfeld the program stiuctures such as if _then
_else _endif and others. Each subtask taken up for further relinement has its own indentation,
Ru,dllmg our squareroot program, note the clear indenting that makes the program highly
readable and easy 1o comprehend.

inpui x
ifx=0
Iihen i
g =x/2
fepeat
L r=x/g
boog=(rt gyl

|
i
|
|
|
3
! lantilabs (7 - g) < 0.005
]
i
c

- print g . .
lse O
print "Invalid input”
endif ' _ ?\
end’ | ' :

Note three levels of indentations. Fijgst deiWtes boundary of if _ clse_endif structure, Second -
isthcn_clauscandelse _clause. cpcat_uri“til loop stiucture that we shall be discussing
shordy. Proper 'i_n(lc_nli.ng enables uSNg@iocus our attention on particular task thai needs 1o be
attended to. : ' '

Returning toourif _then eélse _endif structure after a uscful dose on virtues of indenting, we

note that the structure does not imposc any restrictuion on contents of then or else clauses, They

inay have any number of and any type of program strociures snugly resicd wiihin them. See

for example, repeat — unlil struciure nesicd within then _ clause of it _then etse  endif

structure. Nole that we have presented o Js:g_)u;\,ml and mf‘lu‘ if _then_else_ endifstracture

wiilt mualtiple jine then and else clavses. Other variations are single fine clauses and without
explicil else clause. Some languages, particulariy B:ASIC of older vintage sre hopelessiy

unstruciured. The translated version of our %uuctuiud qq11df¢100t pnaglam inone such }%Abif“'
wosild fook ke, B -

10 INPUT X
20 IF NOT (X > ¢) THEN 100
36LETG=X/2
A0LETR = X/G

CSOLETG = (R +G)2
60 IF NOT (ABS (G - R)< = 0.001) THEN 40
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70 PRINT'G _ _ . L
80 GOTO 32767 . S o
' LOGPRINT“INVALID lNPUT" ' : S
32767END ) |

Note [F NOT(. ) THEN .. used 10 simulate if _ thcn else _.endif as well as repeat until loop
structures. This ambiguous use of a statement makes the program difficult 0 comprehend.
Moreover, emphasis seems to be on navigation through program using GOTOs making then

- highly unreadable. More about it later. Let- us close our discussion on if. then_else_endif -

- structure by relating it to our Microsoft Quick BASIC. The structure is fully prov;ded by the _
_* language. For some stfange reason, syntaxwise it insists that the then key word must foltow if
" (condition) in the same line, and also insists on splitting endif as end if. It cxtends the structure

 toallow use of elsenf clause to accommodate muitiple coriditions. Follong example would

' clanfy the use of elseaf clause to handle 2 quanmy discount snmanon S

'_ 1f (x>= 10000) then

_ ‘price = 10" | . . C
_clsclf(x> 8000) thcn_' L T
price=105-" - B

elseif (x > = 6000) then

_ . price=110 . : R _
elseif (x > =4000) then - -' 0 R I
o price=115 . \ R RO
*elseif - O T |

_ price = 12.0
©end if S Y N N
Note. thatels'eii' clause ispart offf Aben’® else _endif structure making'itaif theri elseif,_.

¥

vanatmns of thls structure d mgle line versions usmg line numbers or statement labels to
- GOTO the desired part of the program, like the ones we have used in the cxample BASIC
program. The use of GOTOs is inevitable inunstructured ianguages. But they cafibe andshouid
bealways avoided while using structured languages like Microsoft Quick BASIC, Pascal, €
and so on, except in some unavmdablc situations that we shal} present later.

19.5L00P.STRU'CTURES_ —

' -_--0bv10usly, purpose of a loop struclure is to repeat CErtam task until no mor'e repetltlonl is

desired. We shall be presenting several variatmns of loop structure appropnate to handlc
dlffcrent situations. : _ e _ ¥ :

o repca_t__unt_ll structure: |
"'”SynMx repeat ;
B . oo : ] g

. : _ ~ Statements for’

R task being rcpéalcd
until (condition) '

{
|
I
H
|




Our choice of repeat _ until was quite natural in scquarcroot problcm where we started with
some initial guess and 1terat1vely improved it until we were satisfied with lcvcl of ‘accuracy. A

loop structure is characterised by the body of statements to be repeated, and condition for' -

termination of loop. Inrepeat _ until version the condition comes after the body. The condltlon '
is tested after the body is executed, if it is evaluated as FALSE then body is executed a gam The
execution of the body is repeated until condition is evaluated to be TRUE. That remmds meof
a joke about a doc,tor who prcscnbed for the paucnt to - :
repeat ' ' '
" The Dose
untll (the patlent dies)! That’s a cruel one?

Note that in repeat until version the body would be executcd at least once since decision to -

terminate the loop is taken only after executing the body Most structured languages do provide -

| repeat _ until loop structure, perhaps using different key words. The Microsoft Quick BASIC
calls itdo loop until. [n unstructured languages this may be smulated by placmg astatement -

* IEFNOT {cendmon} THEN labcl

after the body where label refers 10 the first statemcnt of the body as we havc shown inour .
translation of sequareroot program 1o unstructurcd BASIC. ' : -

while _endwhile structure:.
- Syntax: while (co ndmon) do

_ {Body of statements™ . . ° ( } !
endwhile . N : '

In this version, the condition is tested before évei%u‘tion of the body. The decision made
is whether to execute the body.. The body %ﬁ bi the condition is evaluated to be TRUE, -
0

after which the condition is tested again. is activc’ as long as the condition evaluates

to TRUE, and terminates when the cquion is Bvaluated to be FALSE. Unlike the repeat _until

- version, the while _endwhile does n%nwe the executior of the body atleastonce. In case
' 'the condition is found to be FALSE for the first time, the body will be altogether sklppcd To

,1llustralc while . endwhile structure we could have developed our s_,quareroot program as:

input x
ifx=>0
then
g=x/2
while (abs (g - x/ﬂ) > 0. 001) do
g=(g+x/g)2 '
. cndwhlle o ' :
. print g
else . o
print "Invalid input"
endif : '
end

Note that in this version if our iriitial guess'itsel fis close enough then we do not need to execute
the body. The while _ endwhile loop structure does a sort of

"Look before you loop" syndrome!
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Just as tepeat _ until, most structured ldnguagcs do offer the whlle _endwhile siruclurc albeit
with different key words. The Microsoft Quick BASIC gives two syntax options, the do while

_loop and while _ wend with identical meaning. For the benefit of unstructured{ languages the
whlle endwhllc loop structure may be simulated by placing |

IF NOT (condition} THEN label '
statement before the body, where label corresponds 1o a statt,mem }ust after the last stalemcnt
of the body, _ '

repeal _ endrepeat structure: -~ _ o | _

Snytax rcpcat _

| Body of statements
I including provision
I for exiting the loop

b o i e

cndrepeat

' Two previous versions of the loop structure were characterised by the condition bemg cither
after or before the body. The repeal _endrepeat caters to the third possibility where termination '

“conditioncanbe known only inside the body. The structure does notprovide forany termmatlon
-condition, in the sense that it is truly an infinite loop stragture, Iiis the reSponmblIhly of the body
to force An exit out of toop. For example, suppost € Want-OlUr SqUATETOOt program to
compute as many squareroots as user cares tg.compM€ before he chcoses to terminate the
program by inputing a zero or a negative numn ¥e can put our previous program in a repeat
_ endrepeat loop structure with a provision (0%t if x is less than or equal to Ze10.

repeat ' Q~
inputx” .

Hfx< =0 - i
then B
cxit
else
g= x/2 .
while abb(g - xlg) = 0 001 do _ L
g=(g+x/g)2 :
endwhile '
Cprintx, g
endif
endrepeat

_ : | S
Notc the use ol exit stau,mcnl ms:de the body of repeat _endrepeat Eoop structure. In general

exit statement is meant to u,rrmmtf: innermost lonp enclosing it. . P

~ Usually, repeat t,ndrcpcdt Is not exphutly provided in Structurt,d hnguages as it can be very
~easily simulated with a forever TRUE condition in repeal _until or while cndwmlcstruuurcs :
The Microsoft Quick BASIC does provide the repeat endrepeat structure as do _loop without

' any until or while key words in its syatax. It enables termination of such loop with exit do
statement. For unstructured BASICs the Tepeat _ cndrt,pmt may be blmulatecl using '
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of 1.

‘small numbers, even smaller than the limit of accn.gci, 0.1

. GOTOlabel - _' ; Lo

' statement after the last statement of the body, where Iahel corresponds fo the ﬁrst statement of

the body. Obvmusly somcwhcre in the body there must exrst astatementsuchas =~

- if (exlt condltron} THEN Iabel 2

where label 2 corresponds o next statement after the GOTO label

for _ endfor structure

Syntax - for var : #_start o finish steo-incr do~

 —

i Body of statements |

 endfor

" This loop structure is drstmctly drffcrent from the onés we have discussed so far. Unlike them ’

the-for endfor structure counts the number of times the body is to be executed on the bams
of number of times a control variable is incremented from start to finish in specified steps.
Managing the control variable is the responsibilily- of the for _endfor structure, 50 we need not -
and should not worry about assigning any value to it in the body of statements. Any attempt.
io do'so may land us in trouble. However, the value of the control variable is available for our
use as we shall see in the case of array data structure to be discusded later. To illustrate the for -
_endfor structure let us overstretch our squareroot example f uppose for some strange

reason we would like to go through fixed number of itgratjons 3T improving the guess. The

reasons may not be as strange as you may like to beliew gine finding squareroot of very

specrfred inour program Sowe -

have the following version of our squareroot pro S
- then. . S
Cog=x . . T

: -'for'i =1lteldo
' = (g + x/g)2
endfor -
print x, g
else
_ print “Invalid 1nput”
endlf :

'Drd you notice that step is mrssmg inthe for _. endtor structure? Yes for obvious reasons. Most . '_ _
often the for _ endfor structure is used for normal couniing from start to finish with increment -

of 1. So as a matter of convenience we do not requlre to specrfy any stepifitisa normal stcp ;

B

This loop structure is so famous that it is available in all languages, structured or not. As usual,

“key words provrded may be different. The Microsoft Quick BASIC calls it for _ next, and

optionally provides for specification of control vanable after next. Many other BASIC s insist

. on mention of the control vanable after next

B
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~ We have discussed program structures quite elaborately. Let us turn our atiention:to data .
_structures that hold our values. So farwe have beendealing with simple variables that hold only
~one value of desrrecl type. So we have integer vatiable, floating- pomt varlable, and’ string
variable holdmg only one value of corresponding type at any moment. Can we havc data
structures that are capable of holding more than one value? Programming languages do offer.
_complex data structures rcqulrcd for advanced programmmg We Shall dlSCUSS one of them.

:Array data structure

Syntax var (subscnpts)

‘We can declare that a vanable is reqmred to hold more valucs of which each can be referred to
" by using corrcsmndmg subscript. Such a data structure is called an array and varlable'
~ representing array is known as subscripted varlable They are normaily declared ina dimension
- statement. In the simplest case array has only one dimension representing a sequgnce of values.:

. Any of the elements in the sequence may be identified by an index. For example consider an
_ array of 10 values The array w:ll be declared by using a dunensmn statement

Al g g dimension A(‘))

545  where Ais the variable name and 9 refers _ | .
395 . tomaximum value of iftlgx we intend to use. —
6,95 This array could be @led using . - . |
. 455 ‘ statements like , R
2.75 :

18 . fori do .

005 e NPAG e
a3 S?"” : o .

1.50 R o |
745 Q‘ S - o !

_Inthe example element A sa value 4.55, A7) is 4. 35andsoon. Thc subscriptcd elements
. may-be manipulated just like. simple variables. They especrally £0 hand-in- ~-hand with conirol
-variable of for_endfor structure as can be seen in above example, where.one statement, input
. A (i) forming body ofa for endfor loop IS capable of inputting values for all|lhe elements.

Sl B R R S =t

: Arrays can be more: cornplex than a sequence. We caf visualise a two- drmensuonal arrange-
‘ment where elements are arranged in rows and columns, where individual clement is identified.
by two subscripts, one refesring to row and the other to the column. The situalion is presemed

in the [ollowmg example _ _ : : : ' ' |

' Relevant program segment would be

i 0 1 2.3 * - dimension A (4,3)
§ . R - fori=0toddo .~ |
0 7 23 9 13- 7" forj=0to3do .
1 .33 51 18 .-19 - input A (1,]) B
2 41 35 49 . 11 . endfor o
3 73 29 14 47 endfor . N

95 63 .77 29




In the example, A (3,2) is 14. We could add a third 'dimension with one more subscript and so
on. The Microsoft Quic'k"'BASIC would allow you to goup to sixty three dimensions! Normally,
you would not have occasions to go for more than two dimensions. On each dimension, the
correspondmg subscript may range from 0 to 32767 The maximum value each subscript will
také is required to be declared inwhatail BASICs calla DIM statement Although mostofthem

* do condone certain amount of [aziness in explicit declaration (e.g arrays with subscript value - '-

less than 10), youare strongly advised to resistsuch temptation of non-declaration. In fact, most

~modern languages do insiston explicit declaration of evensimple variables to avoid unpleasant .

surprises later while runmng the programme. We close our discussion onarrays witha reminder

' that arrays can be of any type, integer, floating-point, or string ini the sense that each element

can hold the value of that type. The Microsoft Quick BASIC identifies integer vanables with
special declaration character % as the lastcharacter in the identifier name [e.g. stock %, age %

(60) denotes a srmple 1nteger variable and an integer array of 61 elements rcspectwely] It

identifies string variables with $ as last character [e g. 7§, name$ (60)]

After elaborating on programming concepts like constants variables, expressions, 111put prmt
and assignment statements, if _ then _else _endif and loop structures, and array data structure,
let us develop some programs usmg them

Let us develop a program o sorta sequence of numbers in ascending order. Too s1mp1e‘? Do
not underestimate this problem. It has deserved a fat 800 pages book by eminent computer
sceintist (See Searchin and Sorting by Donald Knuth). re than 60 per cent of world

computing power at any time is engaged in this act@o we have,

1
Given a sequence of numbers in

i
: : any random order, print th
(
|

I
|
I
in ascending order. ;

Remember arrangmg cards durmg a ca amme? Plck them’ up one by one srmultaneously
arrangmg the prcked cards 1n\re$rder Can we express it in terms of subproblems?

declarc array to l¥ld sequence of number

|

i

l -

' " How mdny.aumbers?
I

i

Take one by one arranging the ones
taken so far in ascending order

T

! Print the ordered sequence

_Rcfmmg it further

.dlmensron A (100)
input n
fori=1tondo

input A(i)

- Pul the jl.lSt prcked in 1ts proper
posilion so that ones taken so far
are in ascending order

2T




endfor o oL
-forl..ltondo R " RS
; prlnt A(l) i ——

Let us refme thc one inthe box furlhcr Ascendmg ordcr means smallest numbcr at the topand -

~ the hlghcst at'the bottom. For every number, the number above it cannot be b1ggcr than that . -
' number. If that-is the case, our number can pull down the bigger number to move-up and
_ oontmue its asccnt till number above itis notbigger than it; orithas itself; reached the top. Moral’
. of the story is, everybody rises to oncs leveI of mcompetcncc' Exprcssmg it step by step and :
o pollshmg itup, : : . .- _

- Polished one.

o Informally
whereaml"althcbotlom . g _ .-I.'k:i ..

_ Whlle 1 amnot on top and

 whilek > 1 AND A(k) < Ak-1)do .
ab1ggeronc is above : Cee

L e X AR I
pull it down, I take that position . - A(k) = AGk-1)]
]

. andsoon, .o T Ct, D

* “Theboxed statements above achieve fa apping of two elements A(k) and A(k-1). Try -
doing it without using an intcrmm_ ble x. You cannot do'it without losing one of the-

R ] T

values in the process' The swapp famous that the Microsoft Qu_i(_:kBASIC- provides a;
_swapstatementtoexpres51 : I R o

: Puttmg it ait togct *’

dlmensmn A( 100)
_ dnputn-.
Cif < —-100
-+ then -,
' fori=1tondo
input ‘A(i) '
k=i -
whilé k =] AND A(k) ﬁ A(k 1) do
x= A(k) . .
Ak = A(k 1)
Alk=1)=x
k=%k-1 =
endwhllc
endfor ' .
forl—- ltondo :
" print A(i)-
- endfor
clse : :
print “T()o many numbers
endif . o

‘end
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‘Note llttlc thmgs like making sure that we do not cross sclf-lmposcd limits on number of -
clements in dimension statement. During the process of stepwise refinement we do not get
digressed by such matters of details. After we are through with-the development of main body
oflogic we can always insert it in some conditional siructure. This also underscores lmportance'
of viewing programs as collection ofbodies of statements snugly fitting in appropriate program

-~ structures, rather than sequence of statements to be navigated through GOTGs. This collection

ofbodies may be developed some what independentof each other, even by differentindividuals,
and even as mdcpendcm subprograms 1o be called from dif fcrent parts of the program. That is
the subject matier we.are going to discuss next. '

19.6 SUBPROGRAMS

Considering the two programs that we have already developcd would you agree that they are
quite general purpose in nature? No wonder that Squareroot program is generally available as -
standard library function in almost all languages. Many operating systems do provide 'sort’ as
an utility. There are many such problems that arc required 1o be solved as subproblems by
different programs, or even by a given program-at several places within the program. For
example, it is quite possible that we need to handle two or more ays and we need all of them
sorted in ascending order. We may obviously reproduice mglevant body of statements
suitably modified to suit the local conditions wherev equired. But can this reinventing

~ ofwheelbe avoided? Yes, (he answer is subprograms \@ﬁ: csschtiall_y Slave-program‘s that
can be invoked or called upon to do specific by any part of main program or other
subprograms, There are two kinds of subpry ram: one whose main purpose in life is to have
onie value apart from any other side effeo Bgpay entrust to such subprogram, and the other
kind are those whose preoccupation jgthe she ef fects only. Implication is that former may be
used as operands in expressions, they are quilleeIll to a simple vanablc or element
of an array as far as having a valu®0f some type is concerned. The subprograms with
'csp0n31b111ty of havinga value so that théy can be used as operands in expressions are called
functions. Other 9ubprograms meant only for side effects are catled procedures or subroutines.
Note that something more is expected from functions than procedures, icughour focus onone

~ value of function in contrast with procedures, may give us a dlffcrcnl feeling. These is some
amount of redundancy in concept of procedures, there is no reason why we cannot ignore value
of a function and enjoy only the side effects. The language C, in fact does just that. In language
C, everything including the main program itself is a function! We shall however réspect the time -
honoured convention of treating functions and procedures as distinct,

Function structure:

Syntax: function pame ( argument list )

i . Body of statements
b including those

| assigning value to

\ function

e R ——

endfunction =




The functlon endfunctlon structure has three components. The name 1den11f1e'; ‘the funcuon
and is normally governed by syntax rules of varlable names or identifiers. The function is

invoked by using the name just as variables in expressions. The argument list consist of .-

. parameters that are passed on to the function 1o participate in the computation. Body. of
statement is just like sucha thing inany other struqture with some subtle dlfferenoes Somehow
we should be able to assign that one value whul:h the function is expected to return to the
expression. invoking it. We shall do it as in Microsoft Quick BASIC using assignment
statement. Some languages do it by enclosing thle value or expression in a réturn statemem
Other issue is of sharing of data beyond what i commumcated through:the argument list,

between main program ‘and subprograms, both the funcnons and ‘the procedures Some
languages allow expllcrtsharmg by declarmg some varrable to be common orextegnal, all other
_var1ables being: oons1dered aslocal to the subprograms distinctly different froth identifiers with

" same pame in the main or other subprograms Other languages like Microsoft QurckBASIC .

_ consider all identifiers as giobal unless expllcrtly| declared as local by using static kind of 4
- statement. ‘We shall close the discussion on functron after giving BASIC syntax for it. In

- BASICs like Microsoft Qurck BASIC where mtlltr line functlon defimtrons areallowed the:
- syntax would be -

DEF FNname {argument list) _ }
o STATIC list of local varlable% . | 0 |
N L]
't Body of statements mcludmg » -
1 FNpame= (e xpression) - .
:.. and, possrbly L o -

EXITDEF .~ - ?\i o B
'~ ENDDEF % e i
Smgle line function definiti ] languages would be a stralght forward

- DEF FNpame (QKQ@L} = ( xpressmn) o

' Procedure Structure: .

Syrltax procedure name( rgumentllst)
' Body ofstatements B

IR endprocedure o _
-~ Thére is notlnng more that we can discuss aboit procedures as we have discussdd: the rclated
issues like sharing of data among programs, local and globally shared varlables in the context
offunctions. We. shallonly discuss their formin languageslrkc BASICS Unstructured BASICB'
do not normally provide independent procedures i in their full form. Parts of the program may -
be visited using GOSUBs to be RETURNed on encountering such a statementl There is no _
-'argument list, list; local variables.and so on. the Mlcrosoft QulckBASIC offers full-ﬂe_d'ged' :
' prou,clure capability with the followmg symtax. - ' : - SRR

‘SUB name (argument list) STATIC
" STATIC list of local variables
SHARED list of main program
_ - varibales to be shared ..
~ Body of statcments possibly
including EXIT SUB
END SUB
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Note the STAT[C i SUB lmc as well as’ for dcclarauon of local varlablcs Former says the
procedure cannotbe recursively callcd by itself. The latter meamng as local variables i$ the same _
as in function dcclaratlon In addition, we have SHARED list of. variables. that were declared
in main program but also to be shared i im'the proceclurc The Microsoft Qulck BASIC has somie
what different scheme for sharing of data between main program and the proccdure conparcd :
to that w1th function. We can declare the COMMON list of varlables in main program and
procedures, matching in type possibly . with different names. We can declare some as
.. COMMON SHARED list of variables in thc main program so that they can be referred by

procedures by name without. havmg to declare as' COMMON or SHARED in the procedure. |

Third option is to declare them as SHARED list of variables as mennoncd before. Note that -
variables used in procedures- are mdependem of those used in the, main pfogram or other
procedures unless they figure in COMMON SHARED list in main program or SHARED list
in procedure; In case we want to use variables dcclared as COMMON SHARED in main
program as local variables in procedurcs we have to declarc them as STATIC inthe procedures.
 While: developing programs in structured English, we shall follow the same conventions as the
Microsolt OJuck BASIC for handlmg globdl and local variables in subprograms -
 Weghall illustrate use o fsubprogram by dcvelopmg a program for advancmg calendarbya day _

The solution procedure will have to take care of limits on number of daysina monlh leap years
and so-on. This will also give us an opportumty © explorc multiple choice case _ endcase _

structure. We shall follow similar narrative styleas insortirig pro prescntmg 1nf0rma1 and .
pollshed program side by side capturing process of program pment ' : .
_ -lnformally - S Pollshed pr @ a a '

" Take given datc : mput S
. if valid L Q }’)

then ... o n _ i
advance itbyaday o % calladvday @dmy)
print the new date @ , prlnt dmy -

else S L csle R :

" print “Invalld date" prmt "Invalid date"

. it :

- cnd_.-"

- We have to develop tw."o' more sﬂbp’rogrémé, a fundtion valid {d,m,y) and a procedure advday
.(d,m,y) for advancing the day. Please resrst the temptatlon of wrltmg a IlOl'lOlllth program

~ - where obvious subprogram posmbllmes are Llcarly visible.

Takmg up advday furlhcr... _ - prooedure advday (dd, mm, yy)-
simple, justadd 1today! - dd=dd+1 |
oops! may be a mistake. . it NOT (valid (dd, mm, yy))
- what if it was 31 Aughsf? I - . then
the nextday would be 1not32 - . -~ dd=1
'_bu't youshould advance monthtoo - call advmonth (dd, mm, yy)
| - endif
endpr‘occdure
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~ Taking up advmo.nth further... _"procedure advmomh (d m,y)

as before, advance month by 1 SO m=Em+ 1
 thinkofworst,31Dec. - ifNOT(valid (dm,y))
next month would be 1 rather I o them b .
than 12, the year would advance . - m=1 ' :
- endproceclure

= .We have refined everythmg except the funcnon for ascertammg val 1d1ty of. a date Notc thati o
valid (d,m,y) has not only been used in the main program but also has been-i invoked i in every

- _procedure 1o check whcther advancmg day or month has made the date II}V'llld ‘To check: . -

validity we consider various cases of day, month or year 4 values bemg valid or not. We naturally

- use'a case _ endcase structure. which is much simpler than its big brother if _ then _clseif _

. _else endxf when all thc condmonal cxpressnons con31st of oniy one varlable partlclpanng
©in equalzty testing. o S . _

' .'-.‘Taking.up valid " {ﬁhc’ti_on 'valiﬁ_ .(xd,'xm, x_jr) )

butisitobviously -~ - - if(xd<IORxy<0®) . .
| invalid? " o then ]
S ' 4 v.al-id_:=u0 N
. -how about day, &_-'mo'ntl‘n' L - Nelse ) i
 check casc by case L e casexmof ‘ .
. aniy of the 31-day months? : - O _j T 1,3,5,7,810, 1z ..
Note the use of refational o ©. = ' : valid = (xd< 31)
 expression in assignment. ?\ ) ; _ _ .
. anyof the 30-day monthsp™y - % - - f 46911 SR
- Q‘ oo valid = (xd e = 30) '
' ' : 2 valld (xd< 28 + lcrllp (xy) -

. -lsnFcbruary? - S

~ Remember to wnncnon o
-_"mvalldmomh A o oevalid=0

- '.enacase L

. endif - S

. endfuncnon

‘How do we fmd out whether year is lcap‘il If the year is d1v151ble by 4 but not by 100 cxoepi by
400 then the year is considered (o be leap. Thus 1988'is leap, but ‘1900 is'not, however 2000
_is leap. The Microsoft Quick BASIC gives a operator called MOD to compute remamder of an
-'1nteger division. MOD has a prlonty hlghcr than addi mon or subtractioi.

" To compule leap factor . fnnctioﬂ lf:ap'(yy) : '
divisibleby4? . 1f(yy MOD 4) . o
No . . B lcapho . '
divisibleby 1009~ . elselfyy MOD 100 then.'
 4butnot100 S leap 1
divisible by 4007 DR elselfyy MOD 400 then R

s




100butniot 400 - o Ieap 0
bydoo - leap 1 e
'. : endfunctron

- Wc end lhc drscusswn on calendar advancmg program by makrng some Obscrvatrons on

Microsoft Ql.lle BASIC implementation:. Note that all the. function definitions must precede_ _ h

their use Also note that case _ endcasc slructurc as used by us would be translated as..

- SELECT CASExm )
CASE 13,5178, 10, 12
fovalid = (xd < = 31)
“.. CASE46,9,11 |
b fnvalid?'(xd '<'= 130)
"CASE2 . .- . L
' fnvalld (xd< 28+fnleap (xy))
CASE ELSE
fovalid=10

o ENDSELECT N A Q __ -
Note that the function names. have been presumed m h beeMehanged to beg'irl- with fnas
requlredbythelanguage . ‘ . S

197 MISCELLANEOUS\TOP%

~String Handling' S )

So far we have been considering main « numerlc probiems Butthe conoepls oovered 50 far _—

are equally applxcablc to textual problems mvolvmg strmg type of values.- The body of .

' 'Statements in various program structures would OOI]SISI. “of-string, expressions pertormmg. ;

concatenation (51mply joining using + operator), and comparlson of strings. Languages provide
.rich set of functions for string. handlmg Promment among, the funcllons available in the"
Mrcrosoft Qulck BASIC are : x :

. LEN x$. - ) E Relurnirrg nﬁmber of characters in value a:f x$
"LEFT$ (.xj;,n)_ —— _. REturnmg a strmg consnsnng of leftmost n charactcrs in-
. ' -value of x$ _ _ .

. RIGHT $(x$,n) - Closeé cousin of above retummg a slrmg of rrghtmost '

on characters in value of x5

'MID $(‘x$,ri,_m)__ - - Middle cousin, returnmg a strmg of m characters from
o - value of x$ begmnmg w1th nth character o

INSTR(n,x$, v$) o - "'Derectwe functlontosearch whethervalue ofy$ is oocurrmgas

substring in x$ begmmng with nth character. If found, returnis v

: the position indicating start of y$, returns O olherwrsc
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To understand the above functions, the string value of x$ of length 1 = LEN(x$), may be
~ visualised to be consisting of threeparts namcly, LEFTS (x$, n) of firstn characters, MID$(x$;
_n+ 1,m) being the next m characlatcrs and RIGHTS. (x$ 1-n-m) of remaining tail-enders of
~ length LEN (x$)- -ni-m. Any of these parts may bc the substrmg of our mterest and INSTR
- {n, x$,y$) locates that for us. : - ' '

Let us see siring handllng in action through couple of programs Flrst we sha]l develop a -
: programtocheckwhethera givenword isapalindrome thatreads thcsamc backward as forward '
: .(e g madam, rotor, malayalam) ' - -

. Informally S pohshmg it up
The given word " input ws
Start looking it backwards _ = '
. taking each character -~ - fot j _] = LEN (w$) tot stcp 1 do
buildreverse word - 1$=1$+ MIDS. (w$ i1y
completely . endfor
Comparing the two - - if w$ =r§
Print appropriale -~ - . thea ,_ .
message - - . - ~ print w$ "isapalind:lfome“' '
_ . SR :

pfint _W$', "?is not a paflindrome." _

' Altcrnativcly, the for _ endfor part cou_ld als@ be e ulvalently written as
“looking from front. o ori=110LEN (s$)do. .
“and appending every new $= MID$‘ (w$ _], 1) + r$ :

charactcr in fmm Q“ ndfor _ N
Next lcl us wntefa gcncral lefier to X% x so that: we can later personalise it to any prmcular name
whcre all the occurrcn €S % x will be rcplaoed by the partlcular name. So,’ :

Take down theletter -+~ L$=""

Initially itisblank =~ - =~ repeat -

Takeitlinebyline = - - line inputp$ .

unless currentlineis - if LEFT$ (p$,3) = "ZZZ” then exit -
‘@ nonsense "ZZZZ..’"_ o L$=L§+ p$ -

keep appending it  endrepeat - ' TN
~ who is the person?  input X$ ' o ‘ )
' chlaccbyxxxh:m!her . .'";--_rep'e'at - o '
- xxxstill thére? - . n=INSTR(O, LS, "x x x")

unlessnotthere ~ . -~ | ifn= . 0 thien exit :

S L-LEN(L$)

replace o Y -L‘S LEFT$ (LS, n-1) + x$ + RIGHT$

o endrepeat

3 'Noie the use of line input for mputtmg a line: ThlS is dlffcrcnt from plam input in he sense that

eentire line with all its characters (spaccs cornmas quotu;, gven return/line fecd) a%c considered

as part of string. Languages do prov;de such’ statemems The MlCl'OSOft chk BASIC calls it |
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line mput whereas other BASICS call it inputline or even LINPUT. Also, note a smart mck of
"2777.." to indicate that we are through with our letter.

Note also tne cut and paste kmd of operation in L$ = LEFI‘$ (L$,n- 1) + x$ + RIGH™$ (L‘f.
t-n-2),-where unwanted "x x x" has been surgically removed by isolating: LEFT$ (L$,n-1) and
RIGHT (L$, t-n-2) around. if and pastmg x$inits plaoe

Program Structure _ . o Flowchart

. i ) . Yes.'
if (cond.) . ) /\\ es
: d
then \mnr/ : ’1
. _ N _ — _
else : '

" endif

if cond.l : Yes
then :
Task A
elseif cond 2 then
Task B

else

Task Z

endif

repeat

Task" A

until (cond)

.

whilé (cond) do
Task A
endwhile

for var = start to finish step incr do
Task A !jw—
" endfor ) '1\—w
I
N
var = var + iner

[

i
.
1
|

fe




o brlefly to developmcnt of ﬂowcharts o

Why not Flowcharts" .

With this we conclude our drscussron on programmmg concepts Some of yLu mrght be
- wondering why we have not discussed flowcharts. Our dislike for ﬂowcharts is mainly due to
* - the fact that they emphasise navigational view of program development just as GOTOs in
, programs.. ‘Moreover, flowcharts of even modérately complex programs tend to becorne very |
clattered. They merely: turn out to be documentation aids rather than-program development
. tools.On the other hand, the structured approach followcd by us nrotonly helps in qlicvclopmenl
- through stepwise refinement but also makes the program self-documenting through proper
. indenting. Such programs may be vrewed as textual flowcharts. However, if you still insist on
- knowmg about them, we have given above the ﬂowcharts for various program stru!ctures S0 tl'lﬂt

you can build the ﬂowchart for your program: 1f youl like, -

‘Note that flowchart for the for endfor loop structure is for posrtlve incr value In case the incr
: 1s negatrve value, then oom:htrcn bemg tested would be var < ﬁmsh ' - :

Apart from bemg cluttered and mherently navrgannal the flowcharts alsor makf amblguous
use of decision symbol for single and multrple condmonal branchmg as weH as different loop
structures. Therefore we strongly suggest that you do not use thern for program development
or documentatlon putposes. We also suggest that you develop program in structwf.rred Englxsh
~ and then translate them into the 1mplementat10n languageof your choice. If the 1mplementatrorn
language is very close (o our siructured Engllsh sa@mg only in choice of l(ey woIds as
. incase of the Microsoft QuickBASIC then you gpagconVefiiently use its key words for prograra - N
structures directly, but still following the'_sefmement process 0[ program develop-
 ment. If your implementation language is relatively unstructured,. then we suggest that you'
develop a standard translation table :for.%@&i’on of each program structure that can be used -
' d English into your implementation language. -

to,_t’rar_ts’late.pr\ograms developed @ct g
19 8 SUMMARY @ o

~In thts umt we have explamed the basrcs of computer programmmg It follow the graclual

‘exposure to wrrtmg programmes in hlghcr Idnguage and logrcfrl ly matched it with the structured
‘ English.In this unit we have also exposed you toa number of programmcs used commonly and.
~ simultaneously explained their proccssmg logrc Furthcr towards the end we have referred -




UNIT20 PROGRAMMING LANGUAGES:
COBOLAND ITS APPLICATIONS

Ob]ectlves
Alter going through thls unit you shouId able to:
@ undersiand the basic features of COBOL

@ understand and develop [amlllarlty with the dlfterem :,tcpq involved in wrmng programmes -
in COBOL - :

® start writing simple (clementary) programmes in COBOL,

Structure
- 20.1 Introduction
~ 20.2. Business Data Processing
1203 Brief overview of COBOL
20.4 Structure of COBOL Programmes _
- 20.5 COBOL Implementation of a Simple Data Processmg Problcm

20.6 - Other featuses of COBOL _ :

207 Summary ' 0 N
20.8 Self-assessment E;xercises. ' |

20.9 Further Readings - - . O

20.1 INTRODUCTION Q_E |

 COBOL isa computer language @ for use in business data processing. COBOL stands

for Common Business Oricnted LanSge. Historic'ally., the Iangua-’gé was firsi conceived ata
Pentagon meeting in 1959. At thai meeting representatives from government, business users
and computer manufacturess.decided that it was feasible to proceed with development of a
higher tevel language that wouldanswer the needsofb usiness data processing. However, it was _
not until August 1968 that a standard version of the language was approved by what is now
called the American National Standards Institute (ANSI). This standard version, ANSI
- COBOL, was againrevised in 1974 and has now been implemented by all major manufacturers.
In this note we present the features of the Commonly used elcments of ANSI COBOL and some
dppllcatlom of this language.

20-.2'_B'USINESS DATA 'PIROCIESSING'._

Busmcss data processing mvolvcs recording; rn*lmpuldtlun and analysis of dataand prcparauon :
of useful outputs and reportb In general business data proc essing problems are characierisced
. by relatively simple algorithms coupled with high-volume input-outpat. Financial accounting,
Sales invoicing, Inventory controf are some examplés of dita processing.
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: -
In order to acoomphsh these. tasks through a compuler sysiem we nccd fZlClIlUCh in thc
programming language to describe the structure of data files, have languagc statcments to

create, manipulate and analyse the data in thc files, and to present the proccssed information
in the form of reports. - : P

In addmon io these, documentation of programs is an 1mportdnt requirement t of business
_applications which are dynamic. Therefore a business data processing language should have
‘Tacilities to write the programs-in-a manaer thatcanbe. understood and modrflcd if neccssary

In the subﬁ;cquent sectlon'a we see how COBOL suppor&s these featurea i '

20.3 BRIEF OVERVIEW OF COBOL
Since input-output is a prime concern in business application programs, the COBOL design
emphasises featires for the specification of properties and structure of inputloutput files.
COBOL supports hierarchical data structures building from elementary dafa itcms to group
data items and records. This implies that the programmer can define convenient dzpta'st'ruclures_
and perform operations on those structures using the COBOL . statements. Thb_se featurcs
enable the programmer io create data on computer, manipulate and analyse the data and also
prepare reports in the desired form with little effort. ' | -

-Another important language ChdIﬂClBl’lStlL is the Efglish#like syntax of the. language Slatc—
ments. The computer programs written in thig/Afwguage are substantially self- documentmg '
- Self-documentation is a feature of a language ‘@ bws the reader of a program to understanid
its function and follow its processing COBOL instructions are, Englrsh-'llkc and thc
programmer with tittle effort candcvel%documcmmg Ppio B "AmSs. H :

| _
COBOL. programs have to bc orgamsed into four dwrsrons Thls oraamsatlon is iargcly a result

of two design goals: o _
i) Separate machine- depcndent from machme 1ndcpendent program elements!

ii) Separate datd dcsor:ptrons trom dlgorrthm descrlpnons so that each mrght be modifiable
without affecting the other. |

The result is the followmg program structure:
1. Identification Division  Giving. program rdenufrcdtlon details. _
2. Environment Division Gwmg the details of computer envrronmcnt in'Which the

_ _ - pro gram will be executf,d . T !
3. Data Division . 10 which the slruotural details of data files and va riables used o
—_— _ in the program are described.
. 4. Procedure Division Inwhichthe proceasmgdetalls aredcscrlbcd throrllgh COBOL o

stalemcnls K S ' |

COBOL programs should be written accorclmg oa speual structure which is org‘mrsed into
" a hierarchy of ‘parts as described below :
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A character is. t.he lowest form in the program structure o
Aword is made of one or more characlers . . . .
A clause oonsrsts of characters and words and is used o specrfy an atrrlbute of an entry

_ A statement is' synlacllcally vahd comhlnatron of words and characters wrilten in: the :
PROCEDURE. DIVISION and begmmng with a verb. '

A sentence isa sequence of one or more: statements the last of whlch s tern'unated by a penod-'_- L

- followed by a space ,

A paragraph coasists of e of more senwmes

A section consists of one or. more pragraphs _

A division cons1sts of one or. more praragraphs or sections

Every program consrsts of four divisions in the followmg order IDEN’I‘IFICAT[ON DIVI:
SION ENVIRONMENT DIVISION, DATA DIVISION, and PROCEDURE DIWSION

We 1llustrate these features with few ‘examples from dam processmg envrronment

20,5 COBOL IMPLEMENTATION OFA SIMPLE DATA
PROCESSING PROBLEM ;

‘Considera data processmg problem in which we are requrr i are a statement glvrng the

-value of items in stock by processing . records havmg JetGn Stock quantities and umt pnees .
in addition to the code and descrrpuon of items in sto Q : S -

The layout of data record in the item- stock f11e % below :

Integer

! . - : —Nz T T ' T R o B
! - Itemcode : ‘Description +  Stock Quantity H Price ! :
. ole ! ' e N v - s
1 r \ 1 ! L e i
v MG ' 86 | SN 1 ' o : 3
Y 1 ]
1 . 1 ) AT ) ) v - NN
12 2. Y 2 v 2% N 6:4+2 :
. |.. T , 3 Vg R - * ) L ’
3 T . - S . N T . X 1
A _ Numeric T Alphanumeric { _ Numeric- : Numeric - |
! i T Integer - | ° non-imteger . 1 -
: 3 i : S N P

The Item cocle isa group data field consrstmg ‘'of main group (MG) sub group (SG) and senal _
- number (SN): each being a two digit numeric integer. Descrrpllon is 24 characters long
* alphanumeric data field. Stock .quantity is four digit numeric integer data field. Frnally the price
» per umt Is a six digit long numenc non- mteger figld Wlth four. mteger drgrts and two decimal
digits. : S :

The orgarnsatlon of COBOL program for this problem would be as follows

Identifi catron Details _

- The identi [1catron details stich as program identification, author mstallatlon date of wrltmg,'
and date of compilation will have to be presented in the IDENTIFICATION SECFION of the .
prograrn as prescnted in the followmg segment of the program: S :
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IDENTIFICATIONDIVISION. .~ + I

PROGRAM-ID. - STKVLN, ' P
~AUTHOR: . . IGNOU. - S
. INSTALLATION. - IGNOUCC, DELHI. ok

DATE--WRITTEN. - 01/06/87.
DATE--COMPILED..  TODAY. .

. Envu‘onment Detalls | | | A
Detials- about the, computmg envrronmcnt such as oonflguratron, lnput and qmput devrccs _
: -assrgnrncnt of frles 10 devices will have to be described: in the ENVIRONMENT DIVISICN

: :of the program in CONFIGURAT[ON and INPUT--OU’I‘PU’I‘ sections respectrvely “The _ |
: ENVIRONMEN'I‘DIVISION for our stock valuatron program would have the descrlptlon of

computrng environmentand the statements assigning the slock masier fllc and rcport flle 1othe
" '-: 'devloes supporled by the system -as shown below - g N

'.ENVIRONMENTDIVISION S A | e
CONFIGURATION SECTION, ._}_ T o Ji
SOURCE-- COMPUTER, IBMPC. - . - : -

 'OBJECT--COMPUTER. IBMPC.

~ INPUT--OUTPUT SECTION

' FILE--CONTROL ' _
' ' SELECT STK --MASTER A

~ ORGANIZATIO! ] N
SELECT STK--VAL.-RP™$SIGN TO DISK '
ORGANIZA S LINE SEQUENTIAL s

. ‘These siatemems convey that th¢ prligram w111 be comprled on IBMPC oomputcr lo obtarn _
' abjcct code that can. be used on IBMPC for execution. Thc files used will be STK-—MASTER -
. andSTF-- AL--RPT bo@quenhal and assrgncd the device disk unply ing that both these *.
~ aredisk f11es N oucc that su smgnmem is donc m the FILE——CONTROL paragraph of the
: sectrqn R . _ s T | .

The, $cct10ns and paragraphs uscd SO. far are standard and have speuflc scmantlcs as 1lIustratcd
"abova In the- fmrthcommg segments of code also we w1ll be- encountermg such standard
"_-paragi'aph and scctlon names.. . . ‘

Data Descrlptlon N ‘ ' '_ RN )

Structures of- thc files and othcr data vanablcs uscd in thc program w:Il navc to be dcscrrbcd
_ m the DATA DIVISION. There will have to be described separately in two standard sectrons
E namely FILE SECTION and WORKING--STORAGE SECTION.The - FILI-li SECTION
- should be used to describe’ structural detarls of all thc files referenced in the program.
.WORKING--STORAGE SECTIpN wrll have 1o be used for descrzbmg ll'we details of _

: temporary varlablcs and rec,ord structures

In our example the F ILE SECTION wrll havc lhe dcscrlpnons of STK--MASTER and S’I‘K
: -VAL--RPT flles :




- Thc data, elemcnts used to hold valuc of stock total valuc pames of files, titles etc. will be )
described in thé WORKIN G--STORAGE SECTION Slmllarly record structures to compose
title Iines, report- lmes and footcr lines etc w111 also be descnbecl in thls secuon '
DATA DIVISION for our stock valuatmp program 1s gwcn bclow '
DATA DIVISION : :
. FILE SECTION
 FD STK--MASTER : -
" LABEL RECORDS ARE STANDARD o
VALUE OF FILE-ID IS STKMST--NAME
DATA RECORD IS STOCK-REC. -
- 01 STOCK--REC. '
02 ITEM--CODE. - :
05 MAIN--GR : L PIC99.

05SUB-GR = - -PIC99. :
05 SR—-NO . - PICY99.
02 DESCRIPTION - PIC X(24).
“02STK--QTY . - PIC 9(4).
PRICE-PU PIC 9(.4) ve9.
FD STK--VAL-RPT D
" . LABEL RECORDS ARESTANDARD - - 0

DATA RECORD IS REPORT—-REC

VALUE OF FILE-ID IS SV--RPT-NAME
01 REPORT--REC. PIC X(70p :
' WORKING-STORAGE SECTION. '~ Vg

01 REPORT--LINE. ' e
02 FILLER - PIC x@QﬂﬂE SPACES.

- 02 R-ITEM--CODE  PI &
02FILLER . - PI VALUE SPACES‘_--
02 R--DESCRIPTION  PIC X(24). : s

JO2FILLER - PICX(3) VALUE SPACES.f
02 R--STK--QTY PICZ,779. )
02 FILLER- . PICX(3) VALUE SPACES._
02R--PRICE-PU ~  PIC Z79.99. -
02FILLER  PIC X(3) VALUE SPACES.
: 02R-VALUE - PICZZZZ, zzg 9.

01 HEADER--REC. :
02 FILLER . PICX VALUESPACES.
02FILLER © PIC X(9) VALUE "ITEM CODE"

’ 02 FILLER _ PIC XX VALUE SPACES. o
02FILLER -~ PICX(16) VALUE "ITEM DESCRIPTION".-
02FILLER - PIC X(6) VALUE SPACES.. i

C02FILLER - . . PICX(8) VALUE "QUANTITY".

02FILLER ' = . PIC XX VALUE SPACES. .
02 FILLER - PIC X(7) VALUE "PRICE".
02 FILLER PIC X(10) VALUE SPACES.

Q2FILLER = PICX(5) VALUE "VALUE",
| S




401 STKMST-NAME . ‘PICX(15). | -

01 SV--RPT--NAME - PICX(15).
01 END--OF--DATA PIC X(3):

01 DASH--LINE - PICX(70) VALUE ALL "--", ’
01 TOTAL-VALUE . . PIC9(7) V99 VALUEZERO. ~ |-
OLITEM--VALUE . - PIC¥7) V99, 3 _ _ ,
01 R-TOTAL-REC. =~ T
" 02FILLER - PIC X(ll" VALUE "TOTAL VALUE".

" 02 FILLER ~ PICX(41) VALUE SPACES,

G2 R--TO'I‘AL—VALUE PICZ ZZ,,ZZ 279 99

Tl:ns cgment 0{ the pr ogram which prcscnts the struc,iural details of files and data varnablcs
_reQulres explanations of several convcnllons UScd R o

'Fslg Deseription: Siarting with the FILE SECTION , thé"'f irst entry used is FD), which stands
for File'Description. Through this entiy programmer conveys whether the filelis-on auxiliary

' storage devices like magnetic tapes or disks with standard label records or it is-on terminal
devices like card reader or line printer which do not have label records. In addition to this he

- alzo sneufm the name of the variable which holds the fﬂe name through FILE- |ID clause, The

- aame assigied (o the datarecord is also specificd in this eniry through DATARECORD clause
For £asmpie the ST --MASTETLfﬂe is a disk filg wi tandard label records; its data record
is assigned the name STOCK--REC, A.lthough tid\filg is referenced with tlle name STK--.
MASTER inthe prouedui edevelopment, the ble STKMSTn-NAMEholas the actual pname
of the file cgntammg the stock data 10 be pd. o

‘Record description: Jusi below the ?ﬂy the programme Shou!d presenl the Strucmral
* details of-the data reced as:a-hi shicdl data structure using the level numbers and names of '
'd_ata fields. The characteristics . fields should also be specnﬁed forthe eJ!ementary data
. elements. For example TK--RECORD is compaosed of ITEM--CODE, DESCRIPTION,
o STK—- Q'i‘Y and PRICE%M order described. These are the names which we have chosen

o call the data fields presented in the record layout. It mdy be noticed that a level number 01
Is assigned to STOCK-REC.and the other data fields described above are assigned the hlgher
" number 02 since they are compuncms of (hlararchlcaliy lcwcr to) STOCK--REC. The sarite™
legic is applled in a351gr11r1g the level numbers to sub fields of apy of these data fields. IFor
' uxample the subfields of ITEM-:CODE, i.e: MAIN--GR, SUB--GR and SR--NO are assigned
‘the level numbers 05. It may also be noticed that the data elements like STOCK--REC and -
FTEM--CODE did not eontaii the di‘SCl’ipthI‘l of thclr rype f‘ha'racteristics since, thcy are not
elemtzntdry data», 1tems P : :

. _ : _
DeScnpuon 0f Elememary ﬁam ii:ems. Thﬁ elcrr;emary da&a nems ie. nems which do ot

have further sub componenfs should have description. of thelr typc and size etc. through
PICTURE clause. The plcmrc LlaLSC mcl udes the letters PICT URE or PIC fdllowcd by lthe
dcscnptlon of the field. '

Thc field description includes the. Lnfomlalmn as whe ther the fieh. is numerlc aipha’oellc or
'alphanumcnc whether it is oompuiuuonal or display; whether it contains edltmg characters;
- whether it containg a decimal point; and whether z numeric field can containa mgatwe value
efc, Some cxampleb of fleld dcscrlptlons are presented below . ' Lo




Picture
character
9

v

X

A

Editing Symbols: Edit symbols are used in the pictere description to present the data values
in a convenient form in the output. The data-names whose picture description includes edit
symbols cannot be used in arithmetic operations since guc '
characters rather than s'imple numeric characiers, FollowingWy

as edit symbols:

. Picture -
character

$

. represent the presence

of numerical digit

indicate the position.of
assumed decimal point

- indicate the position of decimal point in

cases in which decimal point is not within
the number .

to designate a numeric field which

* is assigned.,

to denote the positions of alphanumeric
characters in the field, -

to indicate the prcsencé of alphabatic

characters or blanks in the field.

O

: . Purpose

10 indicale w ign should
appear igthe othgut. When floated

(repea

¢ than once) indicates
its inserudpAett to the most
significant digit of field.

indicate the position where " "

should be inserted in the data field
indicates the position of the decimal
point in the data field.

~ replace eading zcroés with balnks

-~ insert chars ‘CR’ to the right of

number if it is negative

insett chars 'DB' o the righi of
number, if it is negative

replace leading zeroes by'™'

(*" in this format is known az
chegque proteciion symbaol.)
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Exampie '

99

 9(6) or 999999

99 V99
%4) V99

9OPPPV

- VPP9999

5999V99

S9(5)VI9
XXXX or X(4)

AAAA or A(4)

iclds contain alphanumeric =
me picture characiers used

Example

$999
$%3%
$$$5.55

- $58.99

9,999.99
$99,999,99

999.99
$5.3%55.5%

TG

72.222.77,
55,544 500R
992 95R

77,727 7I58
94999908

TP XXX KOG




1

o 1o have the sxgn of the number T+ 999.99. -

“inctuded elther to left or right _' o 999.99+
can be used as ﬂoatmg symbol R
_ tohave the sign included only 1f : '. ' -999199‘-
) the number is p2 ..gattve else blank - 999.99. |
', can be used as Eloatlng symbol T Taee e
B blank insertion .. . T A_BAB'X(S) |
0 geoimsertion .. - : - 9990000 .
o '_-'s'troke insertion I S 99;99;90 Lk

Dependrng on the storage and output requlrements of the applrcatron bemg progl‘arhmed one'_
" canbuild the desired pteture strings for various data fields usrng the above described symbols =

Nammg the Data Elements- Throughout the abvove dtscussronrwe have rdentlfied the data
elements with some- data-names. The data-names can be coined at the drscretton of the-.
programmer exoept that there are certain rules that must be followed: : -

A data- name can be’ up o 30 characters and can mclude alphabettc characters numerrc"

characters, and hyphens At least one character must be alphabettc A hyphen if used, must be. -
| gmbedded; that i$ it cannot be the first.or last charac f the:data-name. Blanl{s ‘cannot be
included in the data- -names:; Wlthm the above rules pr grammer may use any data -name,
with the exoeptron of. the COBOL reserved w : f‘ SR -
Certaindata f‘ elds whrch are not requrred be ref¥€nced by any Specrfrc name ma}|; beassi gned T
the COBOL standard name FILLER. A%hmber of FILLERs can be used mr the DATA '

DIVISION '
Assrgmng Imttal Valuesz he d esc!tton of data element may also mcludc the VALUE clause

tomttral values to thesed_ "ents o S ' ]

Examples o R R
01 DASH--LINE oL Ptcx(‘m) VALUE ALL nn
01  TOTAL-VALUE - - = PIiC 9(7) V99 VALUE ZERO A
- 0. HEADER-REC. - N .
- 02 FILLER . - . 'PICXVALUESPACES. S
02  FILLER - 'PIC X(8) VALUE "ITEMCODE '

Processmg Detatls - e N : : _ I, | -

‘Ina COElOL program the processmg mstructrons have to be: presented inits PRPCEDURE-_
- DI VISION In the example of stock valuation;; the processing steps wouldbe :

i) Promptmg the user for the. names of stock: data file and report file, acceptmg the user

_ supphed names and opemng these frles t6 perform 1nput and - output operatrons respec-. '
tively.. : T T T

..

BRI Wrrtlng the title lines on the output report

iii) Readmga record fromstockdata file, compunng the value of the stock and wr1t|1nga record :
. on the output file grvmg out thc 1tem detarls 1ts stock and computed value
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. START-PARA.

iv) Performmg the step (m) repeated;y, till we reach the: encl of flle on thc stock data file.
V) Wrxtmg out the total valucs and closmg lmes on thc output flle and closmg the files.

“These stcps expressed in COBOL would be as follows

PROCEDURE DIVISION

. DISPLAY "ENTER THE NAME OF STOCK DATA FILE".
ACCEPT STKMST-NAME. - . =
DISPLAY "ENTER THE NAME OF OUTPUT FILE".
ACCEPT SV-RPT-NAME.
OPEN INPUT STK-MASTER.
OUTPUT STK-VAL-RPT..
MOVE "NO"TO END OF«DATA

PROCESS PARA |

WRITE REPORT-REC FROM DASH- LINE |
WRITE REPORT-REC FROM HEADER-REC. .

- WRITE REPORT-REC FROM DASH-LINE. o
PERFORM READ-STOCK-REC. | R

" PERFORM PROCESS-RECORD UNTIL END- op*@': “YES". -

- WRITE REPORT-REC FROM DASH-LINE, L

- MOVE TOTAL-VALUE TO R-TOTAL-VA

* WRITE REPORT-REC FROM R-TOTAL RE(™
WRITE REPORT-REC FROM DASH-LRYE™

- CLOSE STK-MASTER STK VAL/ARYT.
_STOPRUN:" . N

READ-STOCK-REC. @1 S
. READ STK-MASTER ATE OVE "YES "TO END-OF-DATA.
PROCESS-RECORD. o B |

MOVE ITEM-CODE TO R-ITEM-CODE.

MOVE DESCRIPTION TO R-DESCRIPTION. -

MOVE $TK QTY TO R-STK-QTY.

.MOVE PRICE-PU TO R-PRICE-PU. -
MULTIPLY STK-QTY BY PRICE-PU GIVING ITEM- VALUE.
MOVE ITEM-VALUE TO R-VALUE. ~ -

ADD ITEM-VALUE TO TOTAL-VALUE.

" WRITE REPORT-REC FROM REPORT-LINE
. PERFORM READ-STOCK- REC )

In this scgment of the program which consisted of PROCEDURE DIVISION, we hdve used -
a number of COBOL statements and sentences involving appropriale verbs to convey the
operatlon 1o be performcd on the data clements or records of the files referenced. The COBOL
“verbs are more English like and the operanon (o be pertormed canbe derived fmm the llterary '
meaning of the verbs used in the sentences.. S
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Fol lowmg are some COBOL verbs alongwnh thelr meanmgs

L COBOL vep
1. Input_-oup.ut Verbs R
" OPEN

" CLOSE.

; READ

_ WRITE _
" ACCEPT' .
DISPLAY

c -'2_" DamMovemenlverb:

3. Procedure eontfoi_verb:

- : Meanlng

e

" Open the file for the specmed

operation (INPUT or OU’I‘PUT)

1 Close the specmed file. After .
" this operation the READ or WRITE
'operatlons cannot be perfoxmed :
- onthe referenced file. - -
~ 'Read a record fmm the. refereneed flle Lo
. Wnte out the referenced record on to its flle. B
. Accept (read) data from user terminal.

Display (write) the data values on the

: usertenmnal [
- Move the data from on¢ data elementto

-anothy £ The result'of_'niovezdp!e'r'alion ’
dc@n the types and sizes of sending

. and

piVing fields. The group move:or .
yve inio a alphabetic or alphanumeric data
gld, aligns the values left justified. Moving

. 2 numeric integer to anether numeric. mteger-' )

field results in right ]usuflcatlen Movement -~
- of numeric non-integer is done Tmth decimal
alignment Movement of numbers to edltedl
. fields'is gulded by the edit sym{)ois used in
~; .the picture descrlptlon of the receiving. -

fmlds If the receiving field is short, the
result Wlll be tn.mcated appropruately

Examplc L ‘ L

MOVE ITEM VALUE TO R-VALUE =

o moves the valué 300000 of ITEM-VALUE
. as 30, 000-00 mto R-VALUE because of .
" the numeric edited plcture ZZ,ZZ,ZZ99 99 o
. of R-VALUE and. plcture 9(7) V99 of
: ITEM VALUE. - - o

-« Branch 1o the indicated paragraph,
- 'execﬁte the i'nstruction('s)'i'rl the par'ag'i'aph', '
- and then return fo the statemem o
g 1mmed1ately following: lhe PERFORM
' mstructlon S
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4, Alfithmoti_c'vcrbs:
ADD .
- SUBTRACT.
. MULTIPLY
DIVIDE

S Eié‘oulc"ﬂlo sp'céified__arithmptic operation.

‘In our stock valuation program inthe START-PARA we havc statcments wh:ch first prompt s

- for the names of the files using the DISPLAY verb. User responses to these prompis are
accepted into appropriate variables using ACCEPT verb. The stock master file is opéned for
input thereby perrmttmg only reading operations on the STK-MASTER file. The stock '
valuation report, STK-VAL-RPT, is opened for otput so thata new file is ¢reated and records
are appended to it as we execute statements involving WRITE verb on thrs file: Tho variable
_END OF DATA is initialised with a value "NO", in this paragraph

The next paragraph of the proocdure writes the title lines on the report file. It then executes a_
paragraphwhlch readsarecord from STK-MASTER file. TheparagraphPROCESS -RECORD,
movces the data fields of the current stock record into corresponding edited fields in the report
record, computes item value by rnultlpl;_rmg stock quantity with price per unit; builds up the
total stock value, writes report record to the output file and reads in the next stock record. This -
paragraph is executed repeatedly until end-of-data conditionis untered on the stpck master
file. Such condition is setup in the READ-STOCK-REC p@ by moving "YES" t0 tho

variable END-OF-DATA on encountermg the end of i n STK—MASTER frlc

After performmg (éxecuting) the PROCESS- RECO ) until an end of data condition is
encountered, the footer lines including the one the total value of items in the stock are -
maved to the output file. The files are then clg ed%LOSE verband the progr_amoxecu_mn -
is terminated usrng STOP RUN stateme l’ ' e S o

It may be noticed that the PROCE b & E DIVISION slalemems are almost Engllsh -like. Wlth
: meanmgf u} names chosen for para} / b and data elemcnts (records and- frclds) a proccdurc _

dwrsron can be programmed to bese explanatory

Sample Input and Output Files
_We present below a sample STK-MASTER file and the oorrespondmg STK VAL RPT file
gencrated by executmg the COBOL program illustrated. above :

| - LISTING OF STK-MASTER FILE |
123456TUBE LIGHT 40W - © 10003000
_02345 IFILAMENT BULB 60w o 02000500

LISTING OF STK VAL- RPT FILE CREATED BY PROGRAM

ITEM CODE _ DESCRIPTION. QUANTITY PRICE VALUE'
123456 TUBELIGHT40W 1,000 - _30-0_0-__\ 30,00_0:100__.
023451 FILAMENT BULB 60W S 2000 5400 -1,000-60
TG)TALVALUE T 31,000-00
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20 6 OTHER FEATURES OF COBOL

'I‘hrough the example of stock valuauon we have introduced a number of features of COBOL
The fcatures notcovered $O far mclude table handlmg, string manipulation, advanced sequence
controls advanced file structures, report writer and screen handlmg '

'Ihhle Handlmg | : : .
COBOL pemuts the arrays to be used as elements of records. The language offers power[ul |
- table handlmg features which are described in the subsequent SBCtIOIlS

; Descmptlon of Table Data Structures

The OCCURS clause can be used to declare a vector, individual elements of whlch may bean
-elememary data item or another record or array, For example to set up a table of sales values
in say four Zones, we would have the foIlowmg data dascnptlon : :

01 SALESTABLE. . .
- OSSALES-VALUE . OCCURS 4TIMES PIC 9(6) V99,

Through this clescrlpllon we define'a reoorcl SALES- TABLE whlch consists of the vecr.or of
" four numeric non-integer data elemems with six integer digits and two decimal’ digits in size.
‘Reference to these data elements can be made by @ppropnate subscript with the data-
name SALES-VALUE, For example you want to r O the sales value of third zone, you
should make the reference as: SALES-VAL R -

as given. below

01 SALES-TABLE. . |
02 ZONE-SALES ~ OCCURS 4 TIMES.

05 QTR OCCURS 4 TIMES | PIC 9(6) V99.

.‘We canalso defme atwo dimensional mﬁim { the sales values zone-wise and quarter-wise

§ _The layout of SALES- TABL would be as glven below

_ ' SALES'?—".I.‘ABLE. .
ZONE—SALES(1) ! ZONE*SALES(Z)I ZONE—SALES(B) . ZONE'—SALES(4)
S I B R e Y DU R B S A S S
; \ - 4

! . N | R R SO e B !
~ . . i [ -
- -~OTR—SALES(1,1) ‘\.QTR»—-_SA-LES(Z,S) QTR—SALES(4,4).. .

J.-..__.. -r -

COBOL pemnts up to three levels of nestlng of OCCURS thereby allowmg the use of up to
three d:mensmnal arrays, - .

COBOL also permits the use of mlxed slructuree contammg both records and arrdys as
presented in the example below.

01 EMPLOYEE DATA.
02 EMP-CODE PIC 9(6).
02 EMP-NAME . PICX(30).
102 EXPERIENCE OCCURS 10 TIMES.
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03 ~ ORGN-NAME PIC X{(20).
03 ' YEARS-SRVD PIC 99V9.
03 LST-DSGN - PIC X(20).
03 LST-GR-SAL  PICY(5).

In this example we have the EMPLOYEE-DATA record consisting of the data ficlds EMP-
CODEand _EMP-NAME and anarray EXPERIENCEof 10records each consisting of the fields
ORGN-NAME, YEARS-SRVD, LST-DSGN and LST-GR-SAL.

In this data structure, if we want to refer to LST-GR-SAL of the third experience record of an
- employee, we should address it as LST-GR-SAL(3), References to other data ficlds of
EXPERIENCE will have to be made in a similar manner. The reference EXPERIENCE(S)
addresses the fifth record of the EXPERIENCE table. This implies that operations such as
MOVE treat all the four sub ficlds of the referenced record as one unit. )

Operations on Table Data Structure

COBOL provides two powerful operatlons on tablcs These are SEARCH and extended form
of PERFORM. :

Through SEARCH feature one can programime the searching opgration ort a data table witha
single sentence. The following éxample illustrates SEARCE\feahre:

Consider a data processing task in which we read the about 300-items into a table, We
are then requiréd to find the description and pricggf iterygiven its code. Assume that the table- _
is sorted on the item code order. Since the lablcc%earched by reference to the item code,
 the record déscription entry can be writtgf My sucta way as to indicate the fact that the table
issorted on item code in ascending order. errecord descr_iption be so written that reference

to table entries can e made by use @i{lnt of subscript concept, called an index as follows.

01 ITEM-TABLE.
02 ITEM-DATA OCCURS 300 TIMES
ASCENDING KEY IS ITEM-CODE -
INDEXED BY IT-IX
03 ITEM-CODE  PIC X(8).
03 ~ DESCRIPTION ' PIC X(30).
03 PRICE-PU - KPIC 9(4) V99.

Suppose RQ-ITEM is a ficld that contains a code for which we want to find the description' and
price-pu. The lollowing PROCEDURE DIVISION statements perform the required lask.

'SEARCH ALL ITEM:DATA AT END PERFORM NOT-FOUND
WHEN ITEM-CODE (IT-1X) = RQ-ITEM
MOVE DESCRIPTION (IT-IX) TO RQ-DESCR
MOVE PRICE-PU (IT-IX) TO RQ-PRICE. -

Other form of SEARCH enables scarching an unéor_lcc"l' table. The same example with search -
into unsorted ITEM-TABLE would bc as follows: ' ‘
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DATA DIVISION entry:
01 ITEM-TABLE. - - i -
| 02 ITEM-DATA OCCURS 300 TIMES INDEXED BY IT—IX
03 ITEM-CODE . PIC X(8). |
03 DESCRIPTION PIC X(30).
03 PRICEPU - PIC 9(4) V99,

"PROCEDURE DIVISION entry

 /SETITIIXTO1. -
' SEARCH ITEM-DATA AT END PERFORM NOT-FOUND
o WHEN ITEM-CODE (IT-IX) = RQ-ITEM -
MOVE DESCRIPTION (IT-IX) TO RQ-DESCR
- MOVE PRICE-PU (IT- IX) TO RQ-PRICE. -

_ The value of IT-IXis mmaltsed to 1 by statement SET IT IXTO 1. Smce the table has not been
o sortecl a linear search will be perfcmred begmnmg with the first entry of the table. .

Sequence Control -

In the PROCEDURE DIVISION each paragraph and section begms witha Iabel which may be
used-as object of GOTO or PERFORM control tr fer. Execution follows -the physical
- statement sequence without regard to sentence, p@h, ot section boundaries unless a

' GOTO, PERFORM, or IF statement is used to explicitiednster control. Paragraphs or sections
‘may be used as srmple subprcgrammes bol is also allowed to flow mtc the: same
_ -paragraphs or sections in the normal sequencda xecutrerl ' : '

A snnple G_OTO may transfer ecntrol to %a graph orsection label. A multrple branch usmg
Iso prowded in COBOL.

a list of labels and a computed syBs¥ript S
' Anif .'.t'hen'_ else IS provided in'QOBOL _ using the syntax If < condrtron> <statement

seque_nce> ELSE < state%quenc&» The < condition > specrfted may be relational or
bcolearr'expreSsicn & : L L -
The PERFORM statement m COBOL serves both as an 1terat10n statement 'md as srmple_ '
parameterless subprogram call In 1ts simplest form wiiich we. have seen, -
_ PERFORM Lt or PERFORM L1 THRU Ln. S
it causes execution of desrgnated paragraph (L1) or sequence of paragraphs (L1 thru Ln) as 2
. simple parameterless subprogram o ‘
_The other forms of PERFORM _
- PERFORM L1 THRU Ln . k TIMES
'serves to call the subpmgram repeatedly k times. The statement:

PERFORM L1 THRU Ln UNTIL < condition >.
~ terates executron of subprogram untrl the ccndltron evaluates 0 true '

- The statement:

(-

- FERFORM L1 THRU Ln. : ' '
: VARYING | FROM 11 BY Sl UNTIL < condmon >
AFTER J FROMI2BY S2 UNTIL < condrtrcn 2>
AFTER K FROM I 3 BY S3 UNT IL < condmon—3 >,




allows repeated execution of the subprogram with from one o three indices moving through
integer ranges. In the above statcmcnt, index K cyclcs completely for each step in the value of '
Jand soon. B o ST |
Inaddition to the basic statement sequcnce-oontrol structures mentloncd above, many COBOL
statements prowde for execution of one or more statements when a special condition arises
during execution of the base statement. For example each arithmetic statement may conlaina
suffix designating actions to be taken in case of a size error, an error caused by the result of the

arithmetic upcratmn being too large to fit in the designated resuit varlablc locanon Thus the
statement: : _

- . . 4
- ADD A TO B ON SIZE ERROR PERFORM ERR PARA-1.

would cause execution of subprogram ERR-PARA- 1 should the sum ofthe values of A and B
exceed the space allocated for B. :

Other conditional checks include the end of-file checkmg on READ statements and end-of-
page checkmg on WRITE stalements. :

String Manipulatmn

‘COBOL offers strmg mampulauon features through STRINGR UNSTRING" and INSPECT
verbs. . ; - . T .

ferof data from several sources

STRING and UNSTRING verbs are. designed to facil #fE¥a
Linations; respectively.

 into one destination and from one destiriation to ma

Example 1 E v .- ; : :
Assume thatwewantto;irintareportw i€h lists a usiomername mcolumnS 25 acnty name -
starting with column 31, one bla}nk' sp€ and then the PIN codc. 'I‘hc source of data is
CUSTOMER-RECORD with the@mg description. :

01 CUSTOMER-RECORD.
- 02 CUSTOMER-NAME - PIC X(20).
02 CUST-ADDRESS PIC X(100).
02 CITY-STATE = PICX(20).
02 PIN. PIN 9(6).

. Thedata .CITY-ZSTATE is recorded suchthat the city name is followed by a comma a space, z{nd _-;--"

then the state name. e.g., AHMEDABAD, GUJARAT-The output recm;d is described as:;
© 01  OUT-REC - PIC X(132). -

'We use STRING verb as follows: '

MOVE SPACES TO OUT-REC
MOVE 5 TO STARTING-PLACE. _
STRING CUSTOMER-NAME DELIMITED BY SIZE,
CITY-STATE DELIMITED BY',
SPACE :
PIN DELIMITED BY SIZE : _
INTO OUT-REC WITH POINTER AT STARTING- PLACE

i
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Exam ple 2 : :
Suppo‘;e the data is récorded in free from (w1thout pred\,ﬁncd flclcls) as follows:

VIAY D SHAH, 3,12,2.75
"ANAND K TIWAR], 4,15,3.25

Notice that the name fields are séparated by one or more blank spaces, the commas separate-the
remaining three fields. We would like to.move these data fields to the following fixed format
record; :

01 ...STUDENI-DATA,

02  FIRST-NAME PIC X(20). ;
02  MIDDLENAME | PICX(15). |
02° LAST-NAME " \PIC X(20). |
02 CATEGORY " PICY..
02 UNITS-REGD * - PIC99,

02 GPA - PIC X(@).

Assuming that the sburcc data is in
01 FREE-FORM-RECORD  PICX(l32).
We can write: . i
U\ISTRING FRFE FORM RECORD

| DELIMITED BY ALL SPACES
INTO FIRST-NAME
MIDDLE-NAME

LAST-NAME
CATEGORY Q
UNITS’~RECQ~-
GPA.

At times we nced 1o access ampulate individual characters ina field. COBOL. provides
- INSPECT verb to accomplish such’ charactcr ‘manipulations. The following examples Jllustrale
|| | the use of INSPECT verb:

- Suppose we want to replace all ]eadmg blanks by zeroes in 1 field called' AMIOUNT.
INSPECT AMOUNT REPLACING LEADING™ 'BY '0' ' !

2. Count the number of dollar 51gns inTEST and repl.ice all dotlar srgn*; after'the first by
' asterisks:

INSPECT AMOUNT TALLYING COUNT A FOR ALL'§'
-REPLACING ALL'$' BY "*' AFTER INITIAL '$'

Advanced File Structures _ S
COBOL supports Indexed and relative files in addition to the normal secluenual files.

Sequential file organisation indicates that the records in the filc are positioned i 1r1 a sequential
order according to oric of the data ficlds in the record. Indexed file organlsdtlom is the one in
which the records are filed sequentially, but & table is available which identifies the location of
the groups of records, thereby reducing the access time. Relative file, organisalion'is such that
the logical order and physical order do not necessarily correspond w11h one another. For such
file a technique or rule is reguired to locate the record.
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) Sequentml Flles In COBOL the sequentlal fllCS can bc opened for mput output mpu; &
output and extend operations. thn a file is opened for input & output operation; COBOL
aliows replacemcmof an exxstmg record with the help of REWRITE verb EXTEND mode can .
be used to add records at the end of a :,equenual fllc S : a

Indexed Flles In order {0 usc 1ndcxed files the SELECT statement inthe ENVIRONMENT _
DIVISION has to include followmg details:

SELECT < file-name > ASSIGN TO DISK
'ORGANISATION IS INDEXED
| SEQUENTIAL | __ -
- AcCEss MODEIS | RanDOM | | o - .
RECORD KEY IS < data-nameé >
[ALTERNATE RECORD KEY IS < data:name-2 > [WITH DUPLICATE]]

‘In tm's format, ACCES_S MOD__E cl_aﬂse specifies the way in which records in the file will be
accessed. ACCESS MODE IS SEQUENTIAL specifies that records will be accessed in
ascending order of the record key. RANDOM option specifics that the order in which récords

are accessed will be controlled by the programmer. This controlys accompllshcd by moving the
value of the key of the (_iesned record into the RECORD fieMand issuing an input-output

command (READ, WRITE, REWRITE, DELETE). The AMIC option allows the
programmer to change at will from sequentlal access @ pm access using appropriate forms
of input-output statemcenis. : SR : -

mut be a field within the record description of
dRLjon is used, we access the records either on the

RECORD KEY rferences a data-name whj
the file. When the ALTERNATE RECOKDA
basis of the prime key specified jg the RECORD KEY clause or on the basis another .
ALTERNATE RECORD KEY. @'PLICATES phrase specifies that the value of the
associated alternate record key may duplicatcd with any of the 'recerds in the file. '

An indexed filc can be opened as INPUT OUTPUT or £-0. Readmg records trom an 1ndexcd
file is dLCOI'I'lpIISth using one of the two formats:

RFAD < file-name > [NEXT] RECORD [INTO < indentifier >]
[AT END < impérative statement >}. : -
READ < file-name > RECORD [INTO < identifiex >]
- KEY IS < data-name >
[INVALID KEY < 1mperdt1ve statement >]

Relatwe F]les The relevant ENVIRONMENT DIVISION format for relative files is as
" follows: '

SELECT < filé-name > ASSIGN TO DISK
ORGANISATION IS RELATIVE. SR :
| | SEQUENTIAL [RELATIVE KEY IS < data-name >]
ACCESS Mopeis | 1RANDOM | .
1 | DYNAMIC | RELATIVE KEY IS < data-name >
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Records s are read from a relative file usmg one of the two formats
-READ < ﬁle -name > RECORD [INTO < 1denuf1er >}
~ [AT END < imperative-statement >] ' : |
READ < file-name > RECORD {INTO < 1dent1f1er >] :
[INVKf.ID KEY < imperative statcmem >]

Data l}ase _Manggement- Systems: In order to provide interface with Daia Base Management
Systems (DBMS), manufacturers offer COBOL Data Manipulation Language (DML) proces-
sors which include enhanced instruction set to carry out data manipulation operations through
COBOL programmes. COBOL DML processors provtdc natural 111tcrfacc to both network and

 relational data base management systems. .

Report Writer Feature .

- Report writer feature of COBOL facilitates producnon of reporis by specnfymi the physm.al _

ippearance of a report rather than requiring specification of detailed procedures necessary io

produce the report. The reporl writer is part of the COBOL language and can be! mcomorated

in any programime.

- To usereport “ﬂ'lter feature, the EN VIRONMENT DIVISION and DATA DIVISIONS of the

programs should include the description of the desired report file and its format.iFor example
the dersc.nptlon of a typical report file to gencrate ice summary report nlLay have the
following description. , |
-ENVI_RONMENT _DIVIS'I.ON entry: !
FD SUMMARY-FILE
LABEL RECORDS ARE DARD
REPORT IS INVOICE-SUMMARY.
This description is same as that fq 6 ile'except that REPORT IS clause is used in the place
of DATA RECORD IS clause. _
The DATA DIVISION e ’ escribing the report should be described in a new section
REPORT SECTION, immedigfly following the WORKING-STORAGE SECTION. Tke
Report Description (RD)entry similar to FD mustbe used to describe the. report details as showm
below: : |

REPORT SECTION. - o E
RD INVOICE -SUMMARY _ ‘
PAGE LIMIT IS 50 LINES
HEADING3 - .
FIRST DETAIL 5 - i
LAST DETAIL 45. - '
01 TYPE IS REPORT HEADING
NEXT GROUP NEXT PAGE.
02  LINE NUMBER IS 8 COLUMN NUMBERYS 25
PICTURE IS A(24) . -
VALUE IS 'ABC TEXTILE COMPANY LTD'
02 LINENUMBERIS PLUS 2
COLUMN NUMBER IS 30
PICTURE IS X(20)
VALUE IS 'AHMEDABAD- 380015'
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01 TYPEIS PAGEHEADING '
01  INVOICE-DATA TYPEIS DETAIL
01 . 'TYPE IS PAGE FOOTING

g1 TYPE IS REPORT FOOTING |

Y
*oe
P

It may be noted that each Ol’level entry in the above example introduces a rép_on group ina
manner similar to that of record descriptions in an ordinary file. - o

In the PROCEDURE DIVISION, the verbs INITIATE, GENERATE and TERMINATE can
be used to obtain the report as illustrated below: 6 ' -
PROCEDURE DIVISION.
" OPEN INPUT IN-FILE - O
~'OUTPUT SUMMARY-FIL _

MOVE 'NO' TO END-OF-DATA. ™

EAD IN-FILE RECORD NDMOVE 'YES' TO END-OF-DATA.

INITIATE SUMMARY-REPQRT. ' :

PERFORM PREP ORT UNTIL END-OF-DATA ="YES.
TERMINATE SUMMARX -REPORT. : :
CLOSE IN-FILE SUMMARY-FILE.
.~ STOPRUN. '
PREPARE-REPORT.

' GENERATE SUMMARY-REPORT. S
READ IN-FILE RECORD AT END MOVE 'YES' TO END-OF-DATA.

- This program reads an input fite, IN-FILE consisting of invoices and generates the report file;
 SUMMARY-FILE, as per the description given in the REPORT SECTION, The verbs
- INITIATE and TERMINATE are used to initiate and terminate the report generation process

" respectively. : o . f

Screen -Hand.ling

Recent vcrsions of COBOL p\roicessors screen handling as one of the atlrab;ivé fcaturcs which
facilitates development of on-line interactive systems with convenient screen formats. Nor-
‘mally such feature is offered throughnew SCREEN SECTION in DATA DIVISION following

the WORKING-STORAGE SECTION. In this section the format of desired screen layout
alongwith positions where input data is to be accepted or-output data to be displayed is
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described. For example the following SCREEN SECTION entry TITLE-SCR would dlsplay
the: titles at the spécified line numbers and column positions of the screen. DISPLAY TITLE-
SCR siaiement of PROCEDURE DIVISION would not only- dlsplay thesc dptalis but also
displys the values of the data items referenced. ‘

'SCREEN SECTION. | | | B

91 TITLE-SCR _ -
02 LINES5 COLUMN 5 REVERSE VIDEO VALUE 'TTEM CODE',

02 LINES COLUMN 15 PIC 9(6) FROM ITEM-CODE. o

02 LINE8 COLUMN 5 REVERSE VIDEO VALUE 'DESCRIPTION.
02 LINE8 COLUMN 20 PIC X(24) FROM DESCRIPTION.

02  LINE 10 COLUMN 5 REVERSE VIDEO VALUE 'QUAN TlTY“

02 LINE 10 COLUMN 15 PIC %4) FORM bTK QTY. | |

01  ENQ-SCR. | |

' 02 BLANK SCREEN.

02 LINES COLUMN 5 BLINK VALUE 'ITEM CODE?'

02 LINE 5 COLUMN 15 PIC 9(6) TO ITEM-CODE.

In this example, when DISPLAY TITLE-SCR is executed, the iifles ITEM- CODE DESCRIP-
TLON and QUANTITY will appear in reverse video at Eme numbers 5,8 and 10 respectively all

slarting from column number 5. Valués of the. dataglenmants ITEM-CODE, DESCRIPTION,

and'STK-QTY are als_o displayed on the correspondi es at column numbers 15,20 and 15
respectively as per the picture description of fhes8items i.e. , 9(6), X(24) and %(4). Similarly

when ACCEPT ENQ-SCR staiement is €xXceh e screen is first cleared and the message

'ITEM CODE?" appears on linc numbe slamng, from column 5 in blink mode. The user
re&;btm%e isaccepted fromcolumnl of lilg5 and is assigned to the data element, IlTEM -CODE.

This briefly explam screcn handlr OBOL. Extended features and va riationsi doexist from
-compi'ler to compiler, '

i
iy

In t]ns unit we-have discussed programming in: COBOL After introducing brleﬂy COBOL in.
the b{,gmnmg, the actual programming steps startmg from Identification Dmuon to Procedure
Divigion, were discussed. We bave also developed some simplc programmcsuds examples.

which would help you for writing L]( meniary programmes. Towards (he end, we have also .

discussed screen hdndlmg, which is an advanced and attractive feature of COBOL.

208 SELF-'ASSESSMENT EXER’CISES‘:

"1 What kind of 1nformatmn do you nccd for fecding into ‘Envuonment D1v1s:0n details?
.Explain with suitable examples. |

2 What are' the COBOL verbs, explain thc:r place ofusc in the programmmé, giving "~
" appropriate examplcs :

3 Wrile a simple progrdmme in COBOL for pr(,pdrinv pd)fl'l)ﬂ of employee 5 of. your
organisation.
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: 20 9 FURTHER READINGS

' Américan National Standard Programmmg Language COBOL X3. 23- 1974
pubhshcd by AN SI

Micro soft COBOL Compder User's Guide; Micro Soft, Redmond, USA.. _
Micro Soft COBOL Reference Manual Micro Soft, Redmond, USA.

Terrace \2 Pratt, 1983 Programmmg Languages Des:gn and Impfemenraaon
~ Prentice Hall of India: New Delhi.

Yourdon, Gane, Sarson and Lister, 1979. Learning to Program in Strucrured COBOL
Parts 1 & 2, Prentu:e Hall of India: New Delhi.

. ._Phllxppakls and Kazmier, 1978. Informanon Sysiems thraugh COBOL, 2nd Editlon McGraw -
Hill Kogakusha Ltd.: Tokyo. P

Elder, John 1984, Construction of Data Processmg Safnvare Prentice Hdll
Internauonal Englewood -Cliffs. - ca
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