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:Depawtmen‘l o] Compul:eT Science
T .8, ComPu.L'E‘r Science

OPE?@HOM RecearCh( 18 KP 16503)

ONIT-T
OP'E’T(LHOM Reseawch-:
Ope"rah'ows Regearch i  the apph‘cab'an
0} Scenbific me thods {echm‘ques and toelz o pmbn’em-s
involving  the opevations o3 a Sgtem So as to provide those
in contw of the system with optimum Solubiorms to the
Pvoblem.

OPEYOHCM - Some acliom thar we appld{:o Some pmb[em
o7 \ﬂt'po‘thesl's.

Reseaven Seek,-fna out Fackh about the same

Featwes of opevation Regeavch:

) Deﬁfs_'l?fl“_ﬂgﬂws . The makthematical models o4 OPﬁT"HM.
veceavth allow people to cnalyze a  gaeclzwy number of dtérnakives
and constvainks th@ would usually be possible , i they were
1o wse oan an intultive apprvach. usirg opevakions Yesearch,
it & easlex to analyze multiple  altevnabives , (ohich resulks

in  greater conpidence & the opbimal choice,

(b) Swuentific  Appwach:  Guentitic mebthods fov  the puv pose
63 Solving problems

&> Objective: To locate the best ov optimal Selubion b the

problem under Cornsidevation.

(4> Intev. disciplinary  Team Appmach: Team apprach bo @
Solution o4 the pmblem, This ~vequiveS a plerd o} people
with expextise r the aveas ©0f mathemalics , Stabistics,

€ Conom) s, manaazment Comn puter Suence and S on,

N.SuB HA




(e j)lac{a[ [nmpuk .Diﬂt‘tal compu':ev has betorse an

lni_(’ﬂ'ml part of 1he opevatiens Resear(n apprach to

declsion mak?hc‘].
-

Nlodels " oprrat-hms Reseach
A model [ a Vehicle wed to arrive at a well Styuekured

View 0f ‘ff’ﬂhb:j- A model & o Pcmfrm YeseavCh b Q chmﬁen'tafmn

of an opevatim oy a process

Types  of model

x Account model: w a -I—fjpicaL budaet tr which business
acwounls ave vejerred to with the (ntention of providing business

measuremenls Such os vala of expense, quantity, seld , ekc,

4 NMolhermatical NModel: Nakhemakical equakions
¥ Quantifabive Nodel : POSS?bilPL:j o] meaﬁu”f}hﬁ Obgevvations

X Phjscal Model: a produck, a device ox any +an3.‘ble thtnﬂ
used fov expevimentaliom may vepresent a ph;a;,mj_ model

Main chayacteris Hcs_

% New :[-ommlah'cmfs withoukt hﬂving anfj Stan':-ﬁ'm& charﬁo_

oo W {vorre .
* Assr.;.mphon made os Smal as poss?ble

Tt Should be Qmple and  Ctohevent . Numbexr O'j vanab{zs
wed shouwld be less.

x Tt %houd be open to pa—ramctﬂ'c l-ype
Tt should not take much Bme (0 its consbnction for

01 treakment .

X

0’”5 problem.
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Ad Van{aaes o] Nodels:

a) Thwugh a model the pvoblem undev Comsidevation bemwf;

Contvollable

by Jt provides Some |o«aTcaJ and  Sytemalic approach o

1he pwblem.

O Tt indicates the lim
eliminale @Plicaﬁon and Golve any speutic Pmblem,

taﬁam and  Scope of an ackbvity.

dy Tt

ey Nodels help & :thinﬂ avenues 4pr new vesearch amd

impmvemenk -
$ Tt provides

01 the opszlam.

e conomic descripbions and da:p!a.nal:fm

classificabion o4 Models :

Nodels by degree ©f opstraction:  Based onthe past daka

ov injormakiom o the problem.

£x: @ lonauaﬂe model (Book)

(b) Cose Studies.
Nlodels bﬂ dunckion ®
(@ ‘ﬂ?esc-ﬁ’pHve mgdf_l'.
and. velatlonships among t

peccrbe , explain  and predict Jacls
he Vamous ackivities o} the pmblem,

(B {?Y_echHve model : Based oON tondibions .

(¢> Novmakive oY Dpl—'lm‘l_zat'uon model: Decislon vules ov

cviteria  fov pplimum Solutiom.

Models by 3-_L-rucl:u're:
(&) Tconic OF P‘nnjs?cal models:  Pictorial vepresentakion od real

Stjs‘l:ems Ex: C_ﬂ:amo_fg




A

(&> F\nalnﬂ Nodels: Theve & no  *look. alike’ Covvespondance '.a

kebween these modele and Teal \ife (kemn 'ﬂme_;j are buwlb

R R )

l-uj abilizing  one set ©f propesties ko vepresent another

Cel (‘\j Trm[x‘ﬂ':ﬂ;_
Exampla" a nelwork of pipea 'lhmugh which  waker Yunning

tould be wseol as a Pc‘ﬂaﬂﬂ‘ 0 undw.ﬁ-iandhg 1he

drety bution of electic cavrenbs .

(€) Nathematical Or S«dmbolu‘c models: Nlost abstract {n nakure
'Tk":j emPl‘JU a Set o makhemalical Sdmbobs l:ovep'resenl: the

Comporun.bsoj the Teal Szgtem.

Nodels by noktuve o3 the EnV?mnTe_n_t___:

ay Detevministic models: Al the pommel:efs and ;f—unchmal

velaionship one assumed to be Known.

Ex: [ipeax Pmavamm'ms problem.

(w Probabilistics o7 SYochasHe models: AE least one Pa-ramel:e'r

oy dedsion Vvariable B a random Varade.

Models by the extent ©0f ﬂemmﬂ&a:

@ Specitic  models: when o model presents a sdstem ak Some
Spedb"c Hme . In these models 4 the time Jactor & ot

Cons\ deved, Lhen ‘Lhaﬂ ove termed oas Stablc models.

Ex: :[nven{m(lj problem.
(b) Simulation and Heuvighcs Nodels: These ave ﬂene'ral
modelt and mainly used 1o explove alternative strakegces.

These models do not rdteld any o pHmum Solutlon to Tha problem
bulf afvt o \SOLU-\:':I‘OVI 10 a pmblem dePend}nj on PaSL' exPe-n‘gn(_e
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@ene'ral Solubion methoda :|’D"f O_Pe‘i_aﬁm Research models:

Thyee ltljpes o4 methods for de-rivinj

the golution 1o an oR.

I AnalyHeal mekthods
2 Numerical methods

%. Monte- carlo methods .

AnalﬂHmL or Oedochive Nethods: Tdn these methods  classical

oPHmiZaﬁon techniques Cuch as Calwdus , Finlte Dijjevence ekc ,
ave twed fov SO\V"nﬁ on O-R model.

' 1th
Numexical methods: Numerical methods Qave Cons'deved w

the tlevabve ov tvial and evvoy proceduves. th
of numericall tomputation at each Step.

The alaoﬁthm 5 stavted with
cindtal) Solution and Continued with a Set of vules fov
|mp“row'nﬁ tt towards DP'HmaJﬂ."d. The 1vial Solution v then
'YCPICLCEEL bd improved one , the process o Ye_Peaf:eA wn bl
either no further in prove m ent & possible .

Monte Cavlo methods: Theze involves the we of r:'TD'::“:"l°'|t'-'1-‘~"
and. 5amPIfna Concepls.

Steps:

> maoke Sample obcevvations and determine the probability
Acctvbubion Jov the variables of Tntevest.

(W  Convert  the pmba.bih'.l'ij d;‘str;buh'm. 10 cumulabve

Afstribution.
W  geleck the Sequence  of TFandom numbers with tha

hﬂ"‘P DI" Yandom tables

nough the wse

a tral and

e O TR IO



v
MV petermine the Sequence 0 values ©f Variableg

%) Ft an app‘ropr'late Stardavyd malhermatbical function

to the Values obtalned in Step (ivd

N et hodo'DSH of opevation  Reseawch:

The Stjs{emah‘c methodolegy Aeveloped for an OP

Study deals with pwblems Involving tond licking  multiple
objectives , policces and altevnalives.

The O-R. appwach to problem So‘n‘nﬂ cormish of
the 4ollowing Six Steps:

I. Formulation o the prblem. Tt inwolves analﬂsfs o} mpmblem,
analds?s of the P““:js"m-'-— System , Seling-up of objectives,
decsion ghould be oadopted, albernative  Couvse of action and
measuvement 04 e4fectiveness.

2.  (omstwction oF a mathematical wmodel: The mnext step
% 4o express all the velevant vamables Ccachvities) o the
pyoblem rto a mafhemaﬁ@ model.

E= 4 Cxi, ldj)
wheve 4 Te,PTE.SE‘n»bS a  Sygtem o4 mathematical

yelattonships  between 4he measures o©f effeckiveness of the
pbjeckive  Sought CED onod.  the vaviables , both contwllable %)

and. uncontwollable (45,

3. Deviving the 2olution Fvom the model: The next Step
» +o detevmine the values o4 dedsion varables +thak
optimize the given Objective function. Tt % also Somebmes
essentiol to perjorm Senst’Hv”‘:’ ana.bj&fsj ‘e Yo detevaine



i
the hehaviouy ©f the Q?g{em, changes » tre Syskem’s
pammelms and Specificatlons.

aCcu'rOUd .

all the

A. Valfd-t]:j D:[ the mMmodel: To measrure ths

acwvaks f:[ cay 1 rortain

A mo(‘lel [ valid o7
velevant

Objecl“ivt’sf constvainkk and dewusion varnables
{0 {h&‘ pn"b\éfﬂ Cb) -1-}! ObJeCh|VeS, CDM'{.'Y ' [p and.

included (n the model ave all ~elevant to

de 'sion vavnables
:{-uncHanaJ-

oY o.ci'uailﬂ part of the problem. @> The
yelaonship axe vald.
ovey the Solub'an: To eg-l;ablfsh

5. ES{abil?Shina contol
< D:f the

tontro) oven the Sowbien by  poper Jeedbacl
information of the Varviables.
b. 'Implemen-[;aﬂon o4 the Final vesulbs: Ff‘naﬂ:j , the tested

vesully of the mode| ave ?mplemen'ted to work. A Careful

explanation of the Slubdon  +o
velotionship with the operating veolities,

e adopted and W

O.R. -

Suﬁent;j'l'_ € Me‘\:ho_c_:li tn

Suenbific Method Dpevab'cm:; Research

The

conmich  thvee phases,
> Tdentiication

Juc_iﬁemer_qfc___ phase :  This phase inuudes,
o4 the veol - life problem. > GelecHon of on o.ppmpn'ab

8oal ond the volues of various yarables yelated to the
60015 (i oappopricdz  Scale ©of rmeasurement (v Jormulotion
o4 an appvoprialt model of The Prblem, akstracting

the essential Injormabion Qo thot a Solubion ak the d€
maker’s %oa.l can be Sought .

adon -



Research phase:
x beHer understanding of what the problem s

¥ Jormulation o F\ﬂpoihesis and models

and Eipe'rimenta_t"on to +est the

X Obsge~yvadklon
o4 additional daka .

hﬁpo-thesié on the bon's
A anobjx;?s of the awailoble ind ormaokion and

Verfication of the htjpo'thesm's.
% Predictians of the various result Fvom the hypathesis

x Gienevolization of the vesults and considevakion

o ‘.} aj_'l;c-fngt\ue methnd&,

S howse - % t
Actlon P This phose comsisk of making vecommendations

Jov deusion prxess by those who divst posed the problem
dov  Cconsidevation.

OPeTa_t‘\orys QeSmVCh and ) "Dg_dsl‘on_f\qaxina_:‘

O pevabiors  Regeaxch 2 a tool emp{oaed 45 Incvease
the e4feckiveness o4 mamﬂew‘ol decisions as an Objective
Supplement to the Subjective Jeeling of the decision maker.

The Decision maker to be Objedﬁve_ o C'rcaﬁfﬁ

alternatives and Choosing an alteyrabive, which & the best Jrom

among these.
The essential Chovackeristics of all de c'siors are

> ohleckive
(0 altevrabives ot the disposal
Clty !n:}t.uenu'na foctors.

‘Advantages of oR Apprach (b Declslon taking:

0> BeHex Dedsions DPeTo.t’idm Research Cd(‘eld actiors that
do Improve on Irtuitive  de cZsion maklna_



Wy Belev Co-ordination:
bpevations Reseavch ovienked planning
model becomes a Vehicle Afov Co Otd"‘mf"ng maxketing deu'sions
within the fmitatios Imposed on  manujacturing capabilities
tiey PeHevx contwl:
The rmnaﬂemenbs 04 ,Qa-rag ofaanizatfm
1.:,_.33nize that % eIl—““‘E"nC":j cosﬂd to requive Continous

exewtive Sapevvision over vouhme decisions,

dv ReHer Suystems: o.R. 5—]—,de % inibated to analyse
a pachuLﬂm de c'sion Problem , Such o whether to

open a naw wwavehousge. .

Applications  of Opevabtiors Research,

O.R has Sucessiully enkeved rhany difjerent aveal

of veseavch n Oejerse, Giovernmenk  Service, D"raan":satim and

jnduShU'

Finance P Bud_gg_l'jra and Tnvestment :

(O cash Flow arnld.s,'s, Qong varge Ca.pfta.L veq
Po|u‘a15, iNnvest menk Pml:jolios.

U Cvedit policies | caedit visk and delinquent aciount procedures.

wremenls , dividend

() Claim and ComPfcu'nl‘ procedure.

NMavket "'5 :

¢y Produet  Geleckion, {:‘lmt‘na ; cOmPCL-iHve ackions
ww Advuh's:ns media.

Uh  Number pf Salesman.

L)) E4decbvesness of market vesearch,

Physical i sbabution:
M locabion and Size ©f wavehouse
Cuy Distrbution Poliad_



Pu-rclm&ins.- Procurernent and  Explovation:
M Rules 4o bu_dins. _

(W q ua.ntd‘d and -I'im;nﬁ o4 purchase
(CT Bidding policies and vendor anatass
vy Equipment 'chbc‘c menk Pollcles,

Pexsonnel :

O man powe vequivemenk rdSS\‘anmenL' of Jobs

Wiy SelecHon ©f Switable

pevsonnel Cage ard Skills)
L Oophmum nNumbes of PpPevsons.

Prodvetion:

M Scheduling  anrd Sequenung  the pwduclion YU by proper
allocabion of machines,

35 Calmlaﬁnj the .oPHmu_m p-mdud: mix.

(b SelectHon, locattien and desl'gn ot the glteg for the
produclion plant.

Researxch and Developrment :

L) Rel.‘a_bib'l:j and evalualion o4 altevmative designs.
> contwol of developed pr)eds .

(ily po-ovdination of mulbiple ~eseavch Projecls.

(% @g[;e-rminaﬂm o4 tme and cesk TcQui*remean.

Lges and Limftatiors of O-R.

Advant ages:

\p) b pHimum use of pmducHon Jactors.
i improved qualdty o4 decision.

Gt  Prepavation  of Fudarre  maragers.
Qv Modification of makhermatical  Solubion.
(vd» Altevnabive Solulbions

lo



Limit akians oF opc~mrlcm Research.

(a> Nagnitude of Computation: ©.R tries to Hrd ouk the
opHmal Solutlon taking aul the 4 actors  inte acwount. All
thece caleulablors cannot be hardled manuauj ond Tequive

eleckronic  computess which bear veny heavy coct .

(b) Absense oF quantification : b.R provides Solulbien onlj whan
all the elemenls welated to a pwblem can be quantitted.
The Intargible elements o©f the problem ave exduded tvom
the Study , though hese might be equally or more
impox tant  than fntﬂﬂs;ble 4ackors as far as Possible .

(c> Distance between moanagevs ard Opevakicns Regearch:

bR being 3Pe_c,_'aus|:3' job, vequives a mathemakitian

oy a Statigtician , who rmight Not be euvave o4 the
business problems. A manages may fail to understand
the Complex working oOperation Reseasch. The Person
Shouwd have a (wonr king knowledge of each other’s

Jobg 4o have lbeHex undey standing o4 ;_nsl'@hbb of the
Problem and b optimal Solution,

Chapter 2: Linca_'r Pﬁ@mmiqq Problem.

Linear Pmgrvamming Problem 2 o technfque
Jor detamining an pptimum Schedule o4 l‘nte-rdependenb
acHvities 0 view o the ovailable rYesources. ng-ramm!ng
IE. just onothery woperd j-D'x 'P\annlng’ oand che.,s +o bhe

Process of determining a pavHeuwlar pbr o acHon $rom

anwona gt Several alteynabives

e

S R TR Y e



12

2:2  pathematical Formulation 64 the Problem:

Mad'ow 5‘:6[19.'
I. Write odown the dewsion variables o4 the problem.

2. Formulate the objecfive Junctlon Lo be CJPI:Im_i'Sed,

2. Formulate the Other conditions o4 the Problem 2uchas

yesouvce limitalioms, market Constrainls , inker-reblbon

between vavriables eke,

4. Add the ‘Noh_neeaﬁ\f;lzj' rornstraint .

Sam Ple P‘vaffm_

Production Allocation Problem : A mamdac_{-u'redf pmduces two
types ©f Models Niand M2 Each X model Tequives A hours

b4 grinding and 2 hours of polfshing ; whereas each M2 model

Yequives 2 hours of grinding and 5 houvrs ©OF polishing .
The mam.ljacl:uwew has 2 grindes ond 3 Ppolishess. Each grinder
wor ks for 4bhours a week and each pol‘rshe-: w or ks 3‘-01 bo hours

a. week, Profit on an M model 15 RS.2.00 and ©n an K2 moeddl

% RS.4.00. whatever b produced iIn a week 5 3old v the

rmax keb. How Shouwd the manuja ckuvev allocatz his prodection

CO—Paﬂitjj to the +wo E:JPES of models 8o thal he mayy
make +the maximuwm p-m;H!: in & week?

Mathematical _Fovmulation:

De elsion va_'r_'wa_p\e_ S:

et x = Numbey (o3 unib bf NN M ed el

xo- numbey 04 unikh 03 M2 mode).



3
Db_)‘ecﬁve Funcbon.
The Objecbive ©f the ma-hujacfnxver s to deberymine

the humbey 04 Ny and M2, models So ax to Mmaximize
the total Profit.

mMax zZ-=- B2 44712

Constyainls -
@n'ﬁndina Polighing
N 4  |Houws 2 Hours
5 Hours.
N o 9. Hours

&ﬁnding Hours : 42, +2%a
Polishing Hours 2oxy+ Sxa

Max. Hwours Givinding 2x 40= 80
Max. Hours Polishing Zx bo= I80.

The +Hme Combrank e, Ax, 4022 280
22 +5x2 <4180

Non. Neaajﬁvﬂ'{‘t’t Y 2o and w1 Zo0.

MMUjaCtU7C73 a”OCQ.k"fO‘rl _Pmbtem Can be Pu_t th the

Jollowing mathemabical 4ovrm,

Find two 7vYeol numbers o, and T2 8Such that
)} 4x) +2x2 < &
W 22455 2igo.
Y X, , %2 =p.

Objeckive Hunction:

/ma X Z = _31!+4'1_7

. -

R T 0 ik~ W o W
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Gl'mpl-u'cai Solution Method :
A Lineav Prtngnma'r)ﬁ Pmblem :.nvn\vinﬂ
ruertly Solved graphically.

+wo decision vaviables can be Conve

1> Solve the :j’dlowinﬂ LP.P3S ht
grap cﬂlbd

max Z = 3| +4%2
Subject to Constrvainks:
Az 2%2 <280
ox, +5x2 €180
wy , e Zo

A Gwaphical Solution o the problem .

O=> 4%+ 2x2 =80 (O
Put x2 =06 Put =x, -0
4% +2c0> = 8o 4 top + 2¢2 =80
4% = £O 22a = g0
L =20 a2 =40
[A (20,0 [to,40)]

®=> 2=x +65x2 =180
'_'@ PUE %3 =6

Pubt x =z ©
2(0) + 5X2

2% |+ 5 (oD =180

=(80
o = (80

5X2 o {8015
x| =qQo

[cqo,0D]

¢ [B-to,26)

D= Lxi+2x2 =80

® > 8o

2x 4+ 5x2




o]
OEN /?/V)'xe = 8o
&) () &
2X®=> Axq 10%2 = 3bO

| X2 :35]

Put 23 -35 & equ®

Ax 4 2C35>= g0
Ax |+ To = 80

42, = O

lkl

"

2.5] e = c:z.s,gsjl

The poink ave,

© - (o.:0) A:CQO:‘JJ B=Co 36) C:CQ-S,BS)

|
1
(0,40 |

¢ 2
LB &
C (2.5, 35)
—_— TR B
.qu. g N X
- — -’5#' ‘.:—; K]
_.'__'_‘-_;‘..“:-—-.':_'__' 2 B -~ '/8’
e — X o
———— D KT ~
— —— W~ \\\H
- .'.'__T:_ 1 . (:,E\ -
e o
:_-_—‘_.-__-_‘_‘_-_T___'-:_'—?T‘.::——_-_"-.
—————————\ :
0 =
C%Drd) A

max z= 3(2-5) 4 4(35)

B

T8 + |40

rm-'?ﬂ

3|
»
N
|

Mo ro‘)
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61 eneval Lineav R’UﬂT amm l'ﬁs Problem .

let 2 he a linear function on P" dedined
bd 2 =0 %X, 4Cang 4 ... +CnAn
twheye ‘J S o constanly Jel (m‘j) be anroxn veal mokrx

and Lt Fhi,ba... bm] be a set of corvtanks  oudh thal

Anx, + a4 . Y antn £ or > = bj

an % + anxXgt ... t0nxn L or> - bg

amiy, T Qma X2 +--- +Qmn An <L Or > = bro

and ’u*naﬂa lek
'1-' D;D C'-_—I;D...-h
Feosible . d ¥
Solution :

An hiup\e Coli.y M8 s Hpy) 04 veal humbers which Sakisfies
the non-negotive vestrictens of the problem | & ealled a feasible

Solution 4o the Geneval L-P.P

Sotion:  An mnotuple X1/ X2.-A0) Df Teal humbkers which
sdkisjies  the Constrainks of & Genevol L-P-P 1n called a

Solubtion 10 1he Gernevol L.P.P.

QpHmum Solution: Any  Jeasible Solution which ophmizes
the objective Junction of a Geneval L.P.P & called an ophHmum

Solution to the Geneval L.p.P.

Slack vartables:
o a let the Comnstrainls o} a Geneval L.P-P. be

n
S aijxj < bi b= liig= K.

J &l



o | ' 7
Then, the nhon. ru.aa.l ve vaviableS Xny  which SO’HS}&
n ’
‘Z aij x; 4 xnil = bi
Jz 1 _

e called Slack vana bles

| Sm]wlus vayra bles
Let 1 he Constvainls o-j a (eneval L-P-P e

n
I ajxj b
J=1
Then, the non-nezdah've varlables xnyl which Sakisiy
n
S Qi - xpai = b7 .

J=t
ave called Suvplus vaviables,

The jovmulaﬁon o) Linear Pma-ramminj P-mb\ern
tain b Solubion. Twoe Jovme AT dealk

the next Step iz toob
the &Standavd dorm

with here , the cononical  Jorm  and

Foxm .

Tre__canonicol

maximize
z = Oy XY F oo 4cn xn

Subject to the Corstrainks,,
o.n'z.-faigoc:’r _ .. 4 aln¥*n <bt;

Ri, X2cn xn & O
Ths dovrm o©0F LeP-P %  called the canonical form
of L.P-P.
dy The objective function i of “the axtmizakion o

Mintmd ze Jexy = - Max imize {..:f-mc)j

S ——



l8

ey AN A he tornlrainls  one of the ‘&
1 : ) -h.jpe , exerph bor

I““‘ hon  hee akive 1(‘_[ f.i(';p(,ﬁ_l

(

cuty Al the variables ane non mﬁ*"”""

The Stardayd Form .

"The g(’nﬂ'u‘li linea Pﬂ-ﬁ?nrnnﬁf'ﬂ problern on Lhe form

or Minimize

NMaximize
o =Cx tC2%2 % --- 4Cn N
Subject 10 Cnmi*fainj/;
—#a;ﬂxn:bg St .. om

ane) 4+ @ x2 A -0

%, %y, - XD Z 0.

e ]
B Know o5 b 44andavd Horm .

The chavactevistcs of this Jorm one:

All 4tne constvaink ave expressed in the Jovm of equakiors,

e vestrictioms.
w The ﬁaht hand &ide o each CQM't'fajnt % non-neaarlve.
The fnequahl'ﬂ Cormtvaink can be chanaad ko equakion
nable on the lest hand side

bd \mtroducing @ non-n:z&aﬂve v
cana"tm-“"lt' T4 ® 4o be added 14 the wmt-ra.ini:?b

pe and. Sub-\:*rad:Ei t§ the ropstyaint s of ";"‘{3?6_

0>
exce Pt fov the non-neaaﬁv

o4 Such
04 _4."{3
akbion. OT minimlzaton

¢ object FuncHom)

max'tm'n-z
2 = CX
ck 10 wnbtvalnh:

ARz b (aon&trainb,) ‘
ond X Z0O £ rwh..neaaﬂve c,ona-t-;a_mb)

Su b‘Je
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amm;na

Pyoblem .

mn 2z = 2%, 1%2 4+ 4%3
Qupject to tonstrain
—2%) +4%2 £ 4
y + 2%z +%3 35

9.9y *F 3xz 52
%, %2 20 and A3 unreshs cted p Sa‘an.

.Sol,uaon_‘.

we intmwduce
4irst and thivd Enequal.itl‘es and  Surpls  varviable bz 0.
A3 0 unyestrictedl S:‘an, wid ke 13:'!3: -'13”

! 1
wheye X3 z0 and x5 >0,
Thus the constraints o©f the problem,
oy + A2 + X4 Iy
( ]
x, + 2%2 *(R3 -X3) - %b = .
2% + 3%3 + 26 =2

The non- neﬂave’ce Constrainks |

2, 20 , %2 20 /%2 20, %3 %0 , X470, X6 72/ X7 0.

tomert maximizakion mu.LHPLng it by (-1

‘* ]
max z* = —2%)-%2 -4 (s - %3') 4+ 0.%xy +0.25 +0-%b

where SV o
Subplect to the comstrainks :
—2%1+ Ax2 + X4 =4

% | —+212 +'Z3..‘X5"_'16 =5

‘XJZD d:lfﬂ,.B;B",t}.;S;b.

Slack vanables x4 70 and %5 ZoO & e



ﬁ
UnT -7 '

The .‘-I,'mplrx rethod

The  simplex  method  alio called -the * simplex Technique

Oy ':Cfmplrx Algnt'r“wr," The .‘};rnp\(fr rmethed &
pProceduve  fo -4¢‘\vfrn a

number o4 Ale P

i .
an derakive

Fineay Pwﬂ-mmmirg Problerry In a +inike

'D(’ju'm'{ir\n 0 ( Paste Solution)

Given a Sfjstpm o4 ™ Simultaneous Lineaw® equalions

in n unknown (mM<NY

Ax =b ,
wheve A » an mxn motrix of YNk M. let B be any
mxm  Submakrix, formed bd m ,Unea’rbd indepmclent column of A .
Then @ Solution  Obtained. by SeHting  n-m vaviables not assouafed
with ctdumn od B, equal to zero, and Solving the 7vesulting
Ctdn,tem.ﬁs. callad a basic Solution 4o 1he 3t‘ven S‘azs-kem od
equations.

The o vanables  (yhich oy be all different  Jvom zewo,
Qve called basic varobles,

'D’?j\ nition: 2 _Deaenem_h Solution:

A bosic Soution 4o -the ‘Stas{em % called
dnaem-raﬁ 14 one or more basle variables vanish.

Q'oj!ni“ohiz Pasic Fearide So\uﬁon_.
A Jeasible Solution 4o a LPP which & also

o bosic Soudion 4o 1he P‘I"Db1¢m 3 called o  basic :_fea;s'uble
Solution 4o 4he LPP. (pnon heaat'we values)

[5,0,-17 6 not a 4 easible goubion .
(0.5/3.2/3] s a Jearible  Solution,




Se-ﬁnf-{?on;‘} Assou'alzd Cost  veclors:

let xg be a basic feasible Solubion 40 the LPP: |

NMaximize Z2 =Cx .Gub'|rr( to. Ax-b ond 2 =2p

Then the vector
(g = (¢ B, CB2 CBm) where Cpl are

Compor\enl,% 04 ¢ assodaled wiHth the basic varnables , 4

called the Ccost vector apounlad itk the basic deasible

Soludion xp.

Tefinition:5  Tmpaoved RBasic Feasible Solution:

let Xp and s be a two basic jeosible solution
1o dhe Sardard LPP. Then %, 3 404 4o be an imprmwed

A A
Ce Xp > Cpxp

A
. u;zhaTe Ce b comtituted 0 cost cComponent Co"wespond-!")ﬁ
0D Xi°

Tefinition:b  Optimum  Pasic Feasible solution .

Max zZ=(Cx Sub.t0 Ax=b and X=o .
% called on opﬂmum basic  deasible Soluidion I

Zo = CaXp = o

whexe 'Z* 35 1he value O:f Ob:jcct':'we 'funcHon -;fo'r a-'“j
Jeasible  Solution,




3
orf. obtain au 1he basic Solutions 4p 1he -joHomina Sjg{emo:(

Line ay pquat'ton:
A t2x2 4 X3 =4
2%) 4+ x2 4 5x3- 5

S_d_,l..l{'lo‘n_:
mequalﬂ'm& e 2 Rosic SolutHen n-mMm=0.

N vaviables - 3 W )

“The ﬂluen Sas{em of equaktions can be wriHen on the

mat¥ix  Jovm 0%,

AX:b
A1
ne () % yy xe[g) e eelE
2 | 5 %3
mXn= 2% 3%

Rank of A B 2, dhe maximum numbes 04 linear

indeperdent column 0§ A s 2,
Thus we can +ake any of the j'ol(oujlrS 8%

Qubmaltrx as basis matryix B,

(LY Iy md g gl
lven S‘d,s{em B how

The bosic golution ko the 9
obtained by geting =x3 =0 and  Solving the system.

et us it dake B:(; 11)
() GD - (1]

y %2 = ® i

2 %\
7]

Dx2 => 2#& + 4%x2 = 2
&> (G &
& Sl * A

=Y
B'I_g_ = 93

x|

g




Put 2 = W equ O

2y +20) =4

|'1| :.‘1!
Thue the basle

'Y

and non-kbasic Solution +o
Sa&’cem oy

the al‘ver'l

BRasic Ly=2 ,
Second Submatvix.

et take 8- (2 1) a CI S
y _

29(" +23 =

X9 =1\ Non-Basic %3 -o.

X2 + BxX3y =
0
& = 9.//1,-1—73 :4.
@x2=> T lox3 = (0
—9x3 = —-b

|13:2/i,’

Putk %3 =2/ Wn equ (D

292 + 2/3 =4
O%xy, = 4 =%
213":'0/3

(=]

Basic %1 = 5/3 X3 = 2/_3

H

Non -baslc X = D.
Third  Submatxx :

let us —take 3

)\

221 +5%x3 = 5
—®

('s) () » 1 &

—_—



O
U‘Q X2 =5 2% 174 2 3 = 8
=3

- ()
(p 5 - B A + BXg : D
- 3% = 3
& -
|x3 = -1
Put %3 =-) o equ &)
i e AR = 4~
x| 4 ¢-1) = 4
%) = it

[ = 5]

Basic Soluton ¢ = 5 ; A3 = =1 Non Razic B %2 =p

Thus Tthe PBazic and Non-Rasie Solutiensg ave |

N, =2 X2 = | X3 -©
%2 =S/ X3=2/4 X -0
L =5 XY ol X2 =0,

) Show that the jollow\iﬂﬁ &ja{em o} Lineaw equakion
hot degenavale  Solution.

2% + %a .y =2

3’1| 4+ 2n2 +%X3 =3

Solution:
Ry The 8tven Sujatem 0} equabion Ccan be
Ax =b
2 | -1 %) 0
(2 )y (=) -[3)
X3
mxXNz=2x3

wnlen ax,



2xX2 Submatmces of A, as basic matvix B,

o) )
22 )

ws take B =

—

let 32
( a !\( x{) _[ 2
3 9 'xz) -~ 3
2%, +%2 = 2 —0O Pk %=\ W equ@'
axy 2«2 = 3 —_@ o) + X2 = 2
o
D%z =3 4% +7: % = B
7 = & ©) .
Ax, t+2%X2 = E %2 -0
%y = fi

Rasic Sdubleom: 2 =| A2 =0 Non-Pasic %4.=0 .

Secord Submabyix,

| - 4
( 2 1\("‘;) :(§> Put %2-5/, & equl®,

o

- “;//:2 5 5

2%y ¥%3 =B @ /2 — %3 = 2

-%3= +2-5/3

S Xy = |
5/, | RE

['x:z: /3_] rx'*:"'/s

Basic  Qolubion %2 =5/3 x3=-VYgy Noh.Paosic %1=0
Thivd  Submatrx
[£]

e ey X3\
i3 ('13_ ) 3
g+ 2% £ 2 4B

%3 +3%x1 = 3 _(B



(=]

— ‘X’IS ,{97' - 9_

g +3% = 3

Ex; = 5

Put 21 = | n equ ®

— %3 +28) =49

xa = O

Ras!c %, = | ®a =0 Non Basic 22 =0

Thus basic Solution to the %lveh PTDblem l?b}

oy = %y = 0O xXg =0
22 = 5|3 '15:"'{/3 % =0
%, = | 23 =0 A

In each o4 the bwo basic solution , ak least

one o} the posic voriable » Zevo . Hence +w0 od

the bosic golutions A& daaene'mb'_ Solution.

The Compcfl:_ab?On_aL__ Proceduve
The +two }undamenfal Condstions O which the ﬁi'mPle-x
method s lared A7E

(i) condition @f___jﬁf}’{“_ét}&jj 1L ensuves that i the iniHal

CS-‘a'f‘Hﬁa) Solut on Bb bagc :feab:ble then duﬁnj mmputaﬁoﬂ
onJ,:j bosic jemibie goluton will be obtained.

W) Condition o3 Ophmqh-tj_ o auavan{:ees that onj_a
be-He'T SOUJ'E?OM LI.J"I" be Eﬁwun{ew_’d,



Thr nrf e valud ;r1nﬂ, fan A ‘,nhufﬂi :f'orrn, 2
8 Ya X@ Y Ya ; Y
“8i Y8 X8 Yi Yai 1 "/;,-]
s yga | %8 | Ya | Y b | Yan
' Ve

Yom P }

(Bm Yam Xem Tim =
_ Zn-Cn
Zo ity oo oq

The optimal golution to a Geneval L-P-P
5 pbiained 0 the following major steps:

. Select an nitial CS"ra'anﬂ) basic HJeasible Sldion +
o
infHale the alﬂmf}thm .

2. check the objective function {0 see whather thewe
Gome  hon-hosic voriable that would fmprove the objeckive
}U”CH'O” 4 bmught p 4he basis. T4 Such a Varable exishh
P to step 3 , Otherwise Stop.

z. Peterming  how large the vavable jound o Step2

can be made until ore o} the basic variaples (nh the cuvvent

aolution belomes zevo. Eliminalz the laHer vanable and
let the next trial Zolution tentoin the neu_abj found varable

(rwtead.

4. Check Jov oPHmaL«'.tﬂ the wurvent Solsbion,

abions unti| elther an OPHmum Solubion

5. Continue the tker

o aHaired o theve s on Shdication that an Lmbrmnded.

colubion exish.



H(\w {‘hﬁ'lt

.‘Ct' _[Olmlu.lalg 1he ﬂ-‘un
LPPas a Slandasd

maximi zation L.P.P

vpdate the simplex
+able by appropriate
operations (Pivotingd

-

Deslan a new table. |

Remove the leav!
variable §wm —Lherq)a,s

and intwduce the
~entenng caAne.

|
+

Choose the smallesl

s

vatio. The basle vanablel

Corvesponding to ik
| leaves the bos’s.
i

7

|

' Belect the b;us?Hve
(Coefficients and divide

ithc corresponding values

}o:f the curvent basle
Variables bﬂ them,

—

|
|
|

. )

'(',;mpl,,‘ Alﬂnr'l{hrﬂ for  Wlaximlzation L-f-_f’

[ Obtain an Initlal basle |

\j -_|em'r'h1¢ Solution 1o thig |

_.[ Proble m
| L . |
Compu‘{c 1he net |T

evaluatlons and  Seb-up the|
84::11&1!‘)9 Sl‘mp\ex table.
J )

| Examine the wow o3 net

- \3': evaluatfons |

| |
|

\/ )

| I8 theve any heaaHve

. net evaluations 2

Yes

\/
Choose the most Negative
net evaluatlons The '
non- bagic vamable
Covvesponding o it
entexs the basis, |

|

et
An opHmum
No|

Solston ho» been
aftained ,the
Cuvvenk basic

' Solubion & OPFIMI

B

" Ave odl the constvalok
Coefftcients of thre

=
_ neaaﬁve? [

The~e exislz

Neg QP unbounded
enteving variable LN

Solution to the
Problem.




The  Simplex Naun'-lhm . lo

for the Solution p4 any LP P lnd Simplex
alﬂmilhm;‘*hf‘ exislerce  O0f an  initcal boslc feasiple Sdution
7 a[wmds assumed . The &leps Jor the tomputation of ap
OP{"‘m""m Solution ane @8 Aollows .

by Ch{(k Luh,(the"l 1he Objttl'. juncHOl’l Ujf the 3fv¢n L.P.P :s

maxi mized 07 minimized. TI{ & » 1o be minimized then

1o be
4 (nto a pmoblem of ma&lmizinj "t by w,'ma

we convert

't]"e TGSull:- L] b

Ninimum z - _ pMaximumcz)

3 Check whethery all bi Ct:‘;i---m) ane non-ncaaﬁve.ifj
any cone o} bt G maaHVE then m'-lH-'fP[{j the Cmrespond:ﬁg

tn equations o4 the constyaink sz &b

Z. (onvert all the fnequahm of 1he Constrainls  nte equatims
bﬂ Lrimdudng Slack apdlos Suvplus Varables & 4he constvacnts .
put tre Cost Of these voriables eéqual to zewp,

4. Obtalin an Initial basic feasible Sdution 4o the problem
ihtne Jorm xa = B'b and pubk & O the Jwst couron o
1he Simplex 1able.

B. ccmPu'(E 1he net evaluations Z]-¢j ¢j=1,2, -..n) b:j using
the velatlon  zj-Cf = CpYj -G

Examine the Siﬂn zj-(j.

0> T4 all tZj-C)) 20 -then tne Initial basic Jeasible Soubon
Xgp * an opﬂmum basic :[eas'uble Solution,

(W ij akleast  pne C:&};—Cj) <0, Pwceed oN 1o the next Step.

b- :F:J thevye axa mMore than oOne maaﬁva zj__g; then choose
the most mﬂaﬁve of them.
0 If ol Yy (=12 m) then there i an unbainded.

_Solution 1o the Qlven problem,
() 7 at least one iy 2o then the corvesponding vector Yr ambeve Yhe

basis Ye.



. COmPul'e the ~atios f“'ngv Yix o t=1,2..m} and "

choose the mMinimum 0:} g{;m Thars the Vecke® Ya i
_ wi

Common elpme_nt Vk‘f , which :5 [}) tp\-i
kth vwow and the YW (olumn b Known as The ,ﬂaadr'ﬂﬂ element
fO'I r)}'uo{t.'l-'. elemenl) D:J 1 he 'L(lb\é’

level the basis Vv, The

g. Convext  the .Qoadt‘nﬁ elerment 1o Lm;t_(j bd divt ding
th yww b\tj the Jlnaah‘rﬂ element (tseld and other clemenli

in thh cdurmn to Zevoves,

Go to step b and vepeat the wmpu-taﬁdﬂal proceduve

q.
either an oPt':mum Solution g obtatned o©r there % an

wnt |
‘ndication 04 an wn bounded  Solution,

Qimplex Nethod :

max z = Bx| + 3%x2
Subject  to constyarnls
xy+x2 £2
5|+ 2x2 <10

3x|+ 8x2 £ 12 X% 20

Solution:

By :njcmdudnﬂ Slack vawables X320, %4 >0 , X5 Z O

Xy AT NI =2

5Nt 2%2 4%y =10

3%, 4 8%x2 +x5 =\2

% n2L "3 e U8 -!_Z iy &
! % ‘ - A2 2
5 2 0 I 0 x3 | = tl:;
X
2 @ o 19} | / Y4




The has'c

with an Dbvious

Van'able s
intti al howklc

one  Lhevefore

feasible

T Xy, A5
Solubion,

rx3,14,7ﬁj=[2 lo (2]
-

The C(nitial  Simplex table

& B= 3 | O ' o [0 T xg
Ce (Ve |¥8 | v, | Yo Ys | Y& |Y¥s | {HU
- 'r
O Y3 Z23:z2 __\"f | l | o 0O Q/,:Q..
0 Yu Ixuzte | ' B 2 (@ ; [ O lojgc=2
| e RPN, k - - _
D | Y6 lagia | (1 3]|]| 8 o | o | Yazg
2i. CBXB | |
d* " pll O]l O | " e e =l
zi-4 | -5 | 3 o @ o
Eirst  Jtevalion:
Tntwdoce  the Column Veclo™ Yi and dwp the
:(Dug_____}_/g_d:o"r Va Jvwom the bosic Vg
& | & | B —_—
Ce Y Xe 2 | o @ 5T ———
il M | Y | X gi
B -—u—-u——_’_ﬁ_L_yz ¥3 Yy Ys Va;j
i 5 YI |¥is & \ |
i- —_— |.___ ! ! 0 O
i)(q:o | !s Tt
) - @) = {— .
E S— .zli__[RQ—SRﬁ 3 _ = 1 i o |
o |V xs:zb | S S
et ™® Jeage @ | B | -3 g1 1
T e P ——
| %l w | B S | 5 | o |o |
; Zj-¢§ o | i B T =
Sv—— i - | O 0
L 12 je | B | 8,° |
AV 2j - ave positive and thevejore an opHmum
Solubion has been obtained. Hence +the opHmum  Soluton o,
max z = B} 4+ 3A2
xy =& 2 =0

max z = 5¢2) +3L0)D




A'r{i}‘a‘ai Variable Tlechniques: K

Tntwdueing the slack ol
tao  metheds, J and  Surplus variables

[}) The i i"u‘a N . method i Oy the met hod 04 Penalt‘!‘?sh

w Twe phase met hod.

oy the method 0f Pena.lh?f’

skeps:

The Pn‘g_h‘l NMethed:
The b(‘g

of the following basic

M - me’(hod

C‘cﬂ‘“ﬁgts

»  Express the L.P-P o ‘the Standavd  Jovm b&j jﬂ’-ﬂ?dua'hj

Slack and [ov Smrh.s Varables, i any

Q. Intrduce non.néaaﬁve variables to the let handside of all
tonstvainls of (> 07 =) —l-ype, Thece Vavables ave called
astifcal varables.

The purpose  of fn{mdl'dng arbificial  Vanables s Just bo o btain
an nttial basic feasible  Solukiem.

2 Avbfdal varable causes Vblabion 04 the corvesponding constrainls
x Avbflued variable would nt allow them 1o appeas n the

OPHm‘-‘m 87mP|e‘x table.
X we as&k}n a Vew lavge pamlky :

objective 4uncton ,  Jon m aximizakb on

_N to these ar b flelal

vavaple & the
Objectiwe function.
’ =%, Solve the modifted L.P-P by Smplex melthed .
|

|

Ak any itevation ©0f the ugual Simplex method theve ¢an

avice any of the :Hlou-"mﬁ 2 Cases:
(&) Thewe » no veckny Co-nesPond'rnﬂ to Some arbificlal

vavable 0 the bhasis YB. Tn Suth &, Case we proceed b Step4.,

(b) :
) H'Thew; i  atleast one Vector Coﬁ'espondinj to Some
Y ] \ [] ° |
fedal varviable, (n the basis Yo . ar ze level . Als
p Yo, level, o,

the  (o-effecient
i U'_f M Cn CaCh l: '
lj'a non- neaaj_-ive_ net evaluakon ZJ‘—CJ" Cj=t,2.-n)



‘1I"} _i:u(h a Cane ‘Lhe (U'I'Tfﬂt “"’
! '."){U;t'( j '
easible

Solublen » dpqrnpmb Dne

o> At least  one  arbificial  veckor {n n e basic Yo
but not at the zevo level. That (| tpe Corvesponding entny

th Xp © non-zevo. Alce Co efficient o4 rM n each el evaluntion

zj- 5 nnn.mUnHva.

Tn this case , the (/‘[t'ven L-P- P does not pmre.-.’.s any

jmns?hlo Solabion.

A. Application of Simplex methed & conbnued until elther
an  pptimum basic  peanible  Solution »  obtained py theve

is an (ndicaton ot the exisdence of an wnbounded

Solution to the 13(‘\,9(; LPP.

Example:
USe Pem.ll'j ( o Bica '\ Kethod o
Minimize Z = 4% +3%2
-.S'ubj)e:c't to Congtyainks Y

2% 4%x2 Z.10
- 2% 4+ 2%2 <6

x| 4x2 Z b 2. z0 and %2 20.

Sq\.ution;
Min =z = 4% t3%x2

rMaxz® - — 4% 3%
Subject to constvadnls:

2%, Ax2 — %3 + &\ =10

- 3, 4 272 * %4 =

wy + %2 ~XE A M =6




15

‘K| & X3
)
) { (@)
[ o \ \ o ¢ .
s B ¥ 13 o
3 n O [ | e > E
B O e
() |
' ' - a
a2 g
n\i‘ Ehcl"fn[ ~<;n1r’\ﬂ Table
Qg -4 -3
O O O -M -—M ;

8 Yo X8 Vi Y2 Ya Y4 Y5 A Ax ZBiy.

-} ia lto AT T Te o | T ] O |oacs
o Xy =3|| 2 o [ 0o [ o bl-3--2
-M  ax b i{l + o] &8 |~ |@ | 6/1 =6

Zj M =300 2 M 0 M -M =N

zj-¢ -301 3-2M p | M o o

FPvst Ite_rc_:f_t—?o_r):

\Cj -4 [‘3 o o o | —N

Cg VB XB Yi

‘Reza | |
Ra+3, H /11 | - | [ - _'7/2._ . T
] N ]
-l a2 ! [ v | O =7 =] t
Re-ug, © l-t/-lj | ' 77 = 2
z —h-M! 4 =2-N 4w LY I
+—1— S S N SO
1 | '
Zj-4| | 0 |1-M [g_m | | -2 +3M |
] Jt | 2 g .! 2 i ,J 2] 9 | q
5 COIRNL P I | | B : - ! g




6

Second Tleration: Tnbwduce Ya and dnﬁP Q9o
o ——— |
C) . -3 © O O _M | —M |'
ce (Yo %8 |Vi |V Vs W V5 |a |az | ey, |
4 |
— 4 0 - (8] | [ ]
' ! Qt—Ri ! :
o (4 . | - . ) ;
O 4 0 -£ =
Ra2-TR3
n
3 |7 0 v |/ O -2 | 2
R3x1
:'J —22 -4 =3 | O 2 -1 -2
L o | O I © 2 -i+M _2+4M

The ObjecH ve Funchon:

Max z = — 4% ==3%2

x) = & Ry =2

-

Max 2= _4Ca)YT3(2

= —lb-6

Max z = —22

Two Phase S‘rmplex Klethed

Tn the fivst  Phase . The simplex method
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UNTIT. ¥
MNelwink ﬂthn'lu“rﬂ Iu PERT [epm
T et ek ion
x Meluoaks oo dfnﬂ'lnml-; r"-ru'-'-J vigcualized in eleckreal
{hhl!“:]* luﬁnnrﬂnlntlﬂn .".'u,r:{rn--.-. ke  vonds, -fm'l..mpj lires,
Pipelines, blood wesdels. A fntﬂr 1.|'f1'r'|r|.u o proklera
Masbiculos  those {nwrh:rﬂ Sequenbial  apevaliona, ke [loo thads

« In OR., Hfltrrﬂinl:nﬂ An L:[:-l'-rnum St Hern can be

locked wporn as dne pwblem of Selecking the hesk Sequersd

o4 operabioms out of a finite numbey o4 availakle alleiralice
tmt can ke *rrl':rc.srﬂtfd a4t a hebwork

There are twe basic Pplanning and tontel Eechruques
1hat uwiilize a nelwork.

thy PERT [Pma-mmme Evaluation and Review “Techruque)

— Event 0Oriented
. 5 h
ity CPM  (Critical Palh Method) activity orented

Network and Rasle Componenbs :

A Mehoork w a ﬂ"‘ﬂFH‘ 'rc!'hrﬂ’nl':ﬂﬁﬂﬂ of a

Prject’s O perakions and © -‘-'nm{:n_f.:d o] activities and evenls

bhat must be eompleted to veach tihe end phjedive of @
project, Showing and planning Sequene ©f {hedy

accomplishmenla | thais  depend erxce and Enkes. velationships.

Ei:nﬁ An Event (ov nodedy & a Specific phﬁ:.‘.:u.L ore
intellec bual ﬂELumF|EhWﬂk h a F—mﬂ-ﬂ:mmg o P'ru‘l!:l: P[ﬂ-l"l

An Event s Tepresented by a civcle , yeckangle . hexagen.
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A ﬂIEH"F:*“j s a 4ask , ov ke od otk ta be

done  thak Corsumes time. ejfort , rmoney ov okher Tesourees

T lies belbuween Lwo events ralled -Lhe .F‘-re.-'_ltd'-'ﬂfar

An ‘:‘“H“”H i upus.tnted nn the
nebwork bd an arrow with (B head !Ind;mﬁnﬂ the Sequerce
in which the evenlh awve to ocuv.

and '_'E'-.J1:r:|t¢.r:|:|"|f]|4 Ores
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Certain acHyities whieh reithey Consume
ave Uged Simply +to Tepresent
a Connection ek ween events oOve Known At dummies,
Dummy [ Zevo Eime) Shown by o chain
of doHed avTows
¢iy to malntain whiqueness in the numbering System.
Gy to maintain the PprPeT lnﬂ-‘c in the nebtwork,
B
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event , it oan be eliminaked .
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.i\b S o

Rules of MNetwork Conslyuction:

th No event Can occuv unkl every ockwity precding it has beer

complated.
(W An m.i‘-v-'.i-j -Suct:udirj an, evenkt cannot be stavted uwndd

that evenk hae pecuved .
(W)  An everk connot Octuy twice , 1.2, a path of achvities
Carnct Jorm @ lop that vehons 4o any event P—mv;uualﬂ

Qe cormnplished .
(v) Eemch mEm‘l-B must  Statk Jwom and Hdesminale v an evenk.

(V> An achivity must be Completed @n ovder to veach the

end.- event

(vivy ﬂu.mmj achvitfes should only be intyoduced 'L:f a'hs”l”i"iﬂ

ne E!‘SEﬂ\H '

Numbening the Evenls:

Adbey the rebwork i dvawn n a lﬂat.'c:a.l. Sequence
Lvt-ﬂ event s -ﬂ.&st‘-ﬂnul a number. The number Sequence
must be  Such So as to weflect the $How of -the hetwork,
(i) Event humbevs Shoud be utnlque.

ity Event numbeving Should be cavvied out an a Sequantial
basis Jvom leit to vight.
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D The witlal event which has  au D“S‘”“ﬂ
with no Incemlng avvew u numbeved ¢ or |

dw The hwad 0f an arrow  Should ﬂjmpﬂs beary a rumbey
lru'.ahn than 1he one &Higmd at the tail p4 the arrow

@) Giaps Should be lest n the Lequerce 84 eyerk
Numbevng ie Aarfcommodate Suhsrqurnir Cnelugion o4 ocHvlbles,

L= TR

f:[ nece s_m.:H ]

Examplée .

. Comstroct the network dl'aﬂ'ram Cormnprising acttvities
B,c, .. & and N Buth that the jullumlrﬂ torstivaink are
Sakiciied,

B4E ,F 5 C& 6L E e ;3 LiHN<l,; L<n ;
H<N; H<T » I,7 4P . Pza
The notation x <Y means that the achviby X
pust be finished befove Y can bzﬂin_

Soltion: Tre 7vesulbng network & Shown i F‘ﬂ The dummg
achvities Dy, D2 and D3 ave uSed to eclablish +the correct
precedence velabiomships. D4 & used bo E::IenH_fH the acHvikles

I and 3 with uniqué @erd hodes. The nodes of the pmject

ave numbeved Such that theiv ascerding order Indicates the
divection 0f progress (h {he projeck.

- ﬂmn'a! a.!;l:’lﬁl'a.
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Time calwlabons tn Nebworks : b

For each ﬁfH"”’ﬂ an eshmald  musk be made
o4 +ime that will be Spent fh ihe accomplishment 0f that

ﬂcl"lur“a. Estimales oy e E:::p‘ﬂ!;,ged in hours , dﬂ-’i&. wee ke
Oy -':Jr.rntl pthey (Corvenient wnik [}1' bime. The +time esHmakes
s 1he caleclation of eavliest 4ime and lakest +ime

tay let zew be the Stardng time for the projeck

Es - %elabve to 1he project Si-mrl:irﬂ time .

EF =¥ Earliest Finish time.

ESt denotes the eavliest Stavt Hime o4 au the ackivities
'Erﬂarp.t"rrﬂ 4yom event C.ad Ef & the esHmated time of
achviby i, j> then

EF; ov Es] - max { Est4 tj]

Es -0 beirg the eavliest Start fiwe

(b) Let us Suppese “that we have m target time tor
Enrnpleﬁnﬂ the project

LE _ lLakest Fnish Hme Jov the final aEHrﬂa.
Le - Lokest Start Hme [ the [atect time ab which

an g;Hv“’ﬂ can stavt [ the 'I:a‘rﬂti: 5 4o be mainkadned .
18 = LF. &EHME‘U Hme

LFC= min $orp- 407 Jov au defined ¢),]> acHyities.
Cyibeal Path Calwlabon,

An AchTI‘H B Sald to be cvibical i a dthﬂ
in th Stovt will couse A FJurther dtln.U &n the tompletion
pf tre ertive Pprmject.

5y hon-Crteal ncl."‘lv-:l'a ¥ Such that 4he Hime
betueen i ES and LF & tﬂhﬂﬂi than U aclual duvahon,



4 non- cvitical atHvH'ﬂ i Sald to hewve a slack 7

¥ slack - d::fjf‘l!'nfl'
time

between the [atest Finush

ond eavliest Start
For the ackvily ¢i,1) 4o lie on the ¢cnheal path
d“""‘”"nﬂ conditions  must  be sabisiied ;
b ES)=LFy
(c?H Eﬁj_ Ese = LFJH LF = l:"u

Floak o7 Slack values:

Theve ave many ackvities  wheve the naximum

time avoilable to frnish the actvity % more than the fime
TEQu.iT!ti to Cﬂ‘mﬂttﬂ (b tied ;h ;iuTﬂHﬂﬂ~ The d}dﬂﬂﬂt
Letween the two B Known as Total flook available

dor the aci:iw:l:d.

Trwee bypes of oty

cey Tokal Floak:

tay  Petevmine
04 tail event and

the diffeverce loetween earliest ghart time
the latest Hinlsh Hime of head fov the

n:lﬂr'lb:!-
&) Lubtvack the duvation tHime pf the a.:Hvrl:-j 4rom

the wvaolue Olbtaired .

TF} = LFj- ESt-E]
tiy Free Float :
Tt (o defined EU ﬂ:&umirﬁ 4fabk all the o bies
Ltank as Emlﬂ as  pessible. The 4vee  $loak d.m-u-.encl."irlﬁ eiigd
Tt e exesc avallople Hme Over b, duvabon.

R

FFi] - ES] - ESt- B

Il i .
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The differerce bebween tohl {lvak  and

ﬂﬂ'r jiﬂﬂl e Knouwn 08 ih[r1:!¢'rrnrr jlnnt

Civ) '.letpl‘.'l"t‘lfl"t '_“.mll.
The Tirme hd whie r]_r':ﬂl'.l.:‘i-.n'fa can be veichedulad
witheut ﬂ“ﬂhl“':ﬁ' 1he e ceodirg o the .Eurrretha acktvities @
krpwn Qs &dt"ﬂﬂdﬁ jlﬁ:ﬂ.

TIF = Frvee float - Taul Event Slack

Critical Path KMethod :

Steps :
I. st all the jobs and then dvaw a hebwork diagrvam,

Each Job s Indicakted hld an owow Wwith the divection o4

the avipw Showlng the Sequence o4 the Jobs.

9. Tndicote the job's dimes above the awow vepresenting the +ask
. calenlate  the eatliest &task Hime and earliest finich 4ime

4ov each event and caleutole  the latest  Stast P e

lakest fenish Hme.
a. Tobulote Vvavious ime (b, Es, LF)

5. Debevminé 4he iokal Hoak CSlack) bttl -f—ﬂj.ﬂns
dlffevences bebtween [Es and LF.

L. 'Ide;I"ld t+he Cwmbcal acbvities oand gonnect them with
{he b!ﬂt"ﬁrﬁl‘lﬂ nede and the Endi‘ns node & the nebwork

diagram dpuble fine ovows, Thig ﬂr:vfs the ovibical pabh,

Y. ¢alwlaly the {otal pwject duvakion,

B

e — el & B LT



Example: q
A pmjet  comsish o4 achities| tasks

abelled A B, H, T with the jnﬂmire velatorships

%Y & w means W carnot Statt  wuntl] both
{‘_.c:rnph!l;i?ﬂf} with this nokablon Constyuck

pf a Sevtes

C.r::fﬂphl'?d r

e an-.l:d ave
the network diagram having the dellowing  constvainks,

Find also the minimum Hime o4 Completion of
the pmject ; when the tme Cin dmf,) o4 completion n} eath

tork s follews:

Tk A 8 ¢ ® 8 F & H T

Time: 23 g % b 24 8 S .

Solustion:

Tntroduce 2 more  dummy
e ctablich Covveck precederce velabionships,

Q 19 &
s !
#.n' " - #\@

actHvities Eo
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q .i'ff. L=5§7
—E= 9:; T 1"’
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ao o o
Y 18 W lo -
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23 <%
T
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. time S4avt | Finish | gtart Flwsh | £F g -
t J 8 | est “Eff | tst | gy )
| 2 20 o | 96 | 8 38 | o (8
4 g 0 & 31 aq 31 |3
2 5 19 20 39 38 57 o I8
3 4| b |28 |34 |28 | 39 | o |o
3 7 24 23 47 | 43 67 20 |20
4 5 D 34 3q | 57 57 _L p |8 |
4 b 18 | 29 | 57T | 39 57 | © o |
.5'_ _-{-‘. o | a_q-_ _3'-1 ) ﬁ".l' . 51 I I'E fE
& ¥ 3 | 43 | b3 b7 |24 |24 |
o |
b _7 1 . _f 571 67 57 b7 o o il
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Deker minishe netwerk methods aSSume that the
expected time i 1he actual fime 4ake. Probabilisfie mebheds
o ihe oOthev hand , assume Lhe vYeverse | more rvealistie Situalion

Wwhete ﬂr.,'dwi'(:j Hmeg ave *rEPrts-znl:Ed hd a probabild
dig tYbution, LLE\‘j

These ave as follows,

1s - E.'!F Hmlcdie +Lime
Lirme o {'.‘nrnpl-rl::r ti"'!'ﬂr.'-:'l-'-"l'l"‘j .H'

The pPossible
all qoes well
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every thlnﬂ qoes u.:rmﬂ .
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EIH'] 4m - rrosd I“"ld {me .
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ex pected time
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tnstead of a:HleU duration, we use expected +lme toi
we alse assouate the variane.

tre acbivity. with Each event
T the vararce of the project s 4ne expected bme

PERT maaﬁthm:

. Make a lict of achvitles +that make up the [Projeck

fn.:ludi'nﬂ immediali pre decessors

2. H‘Inhinﬂ use of Stepl aketeh the yequived nebweork.

3. Penote the mosk ”ke‘d time
bﬂ 4o and Pessimistic Hme bﬂ tp.

bﬂ timn the DFHIT'.II'E-"HI: Hme
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on the Onpw dl'.clﬂ‘rn.rn



L Delevmine ‘the tetal Jloat dJov each activily by .

inhfnﬂ tre difjevence |bebween EST and LFT.

- Idgntij—a 1 e ¢ nHeal aecbvibies and Ctonneck them wihbs

1he hrﬂ-'hru‘l'\ﬂ node ard 1he emﬂnﬂ node | in 1he network
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Example
A Srall  pmject W Composed 04 Seven activitles whese
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u 2 [ l 7
\ 3 i 4 7
! 4
2 2 8
5
| I. | I
3 ® 2 5 | 4
4 i . :
& B 3 b 13
a) Lvaw +the Pmject Lok
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the probabilly of meeting the due dote?
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