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| IMPORTANT TIPS ‘

TOPIC-WISE BREAK UP:

1. (a)theory on OR fundamentals
(b} problem on formulation of a LPP
(c) problem on graphical method
2. (a)theory on simplex method (including definitions)
(b) problem on simplex method in tabular form
(c) problem on trial and error method
3. (a) theory/problem on BIG-M method -
(b) theory/problem on Two-Phase Method.

4. Revised simpiex method — 1 [not covered in the notes]
5. Revised simplex method — 2 [not covered in the notes]

6. (a) problem on transportation models
(b) problem on assignment models
7. (a) problem on saddle point, dominance rule

(b} graphical method of solving 2xn or mx2 games/ decision analysis [trees]
8. Metaheuristics [not covered in the notes]

PLEASE NOTE:

These are the probable type of questions which we can assume to appear in the VTU examination after the
analysis of previous year papers. These may be subjected to changes also.

UNITS 1, 2, 3, 6, 7 are the best and easy ones to prepare and attend in the examination.

Theoretical aspects are almost covered in this notes based on previous paper analysis and we hope it is sufficient
in the examination point of view.

Problems such as formulation of LP model require wide subject knowledge since each and every problem is of
different variety and there can be no generalisation. Hence, practice more varieties.

Problems based on simplex methods are generally easy to solve once we master the method. But, there are
certain conditions such as Degeneracy, tie breaking etc, which have to be taken special care.

Problems on Transportation: important techniques such as VAM, NWC are given more priority whereas RUSSELs
method, Travelling salesman, MODI method are dealt with only one example problem since they are not very
frequentiy asked in VTU exam. By analysing an example problem, you must be capable enough to solve similar
problems. This applies to assignment problem also. [you can solve anything if you know the steps properly]

Problems on Game theory & Decision analysis: construction of decision trees once again requires good skill and
control over the subject since it involves wide varieties of problems.

CLASS ROOM ASSIGNMENTSs are attached almost at the end of the notes. PLEASE REFER them since it |}
involves different varieties of problems which are not solved in the notes.

Finally, this NOTES gives a fair idea about the subject and the various methods/techniques. But, since it is a
mathematical subject, VTU questions may not be restricted to only the ones solved here..i!!

THE MORE YOU PRACTICE, THE BETTER YOU UNDERSTAND.

ALL THE BEST |
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15.2 DECISION MAKING W!THOUT EXPER!MENTA.T!ON

Before seeking a solutxon to the firs

decision-making. L l : :
In general terms, the decision maker must choose" an, ‘alternative from a set of possible decision alter-

nalives. The set contains all the feasible altematzves under consideration for how to proceed with the prob-

lem of concern. : @

This choice of an aiternative myst be made in the face of uncertainty, because the out?:ome will be af-
fected by random factors that, arg omsude the control of the decision maker. These random factors deter-
mine what situation will be found at the time that the decision alternatiye is erecuted Each of these possr—
ble situations 15 referred toasa posdxble state of nature. oA '

For each’ combmatron of a decision alternative and a state of mture the decmon maker knows what
the resulting E%’é{f would be. The [jayoff 15-2 qumtrtatwe measure of the. valug to the decision maker of

the consequences of the outcome: For examp]e the payoff frequently is représented by the ret monetary

gain (prof t), although-other- measurqs also-canbe used (as. described-in' See 15.6). If the consequences of"
the siitcome do not become, completely certaim even. wheii the state of ature is-given; then the- payoff-bes - -

comes an expected value (in the statrstlca serise) of the measure of lhe donsequences. A payoff table com-
monly is used to provide the payoff | for each combination of an action and a state of nature.

If you previously studied ganje thcory (Chap. 14), we shouid point gut an interesting analogy between

this decision analysis framework ;Jnd the two—person, zero-sum games described in Chap. 14. The decision
maker and nature can be viewed as the two pl())"er\ of such-a game. The alternatives and the pos'sible' States
of nature can ten be viewed asithie available strategies for these respective players, where each combina-
tion of strategies results in some payoff to player1 - the decision maker) From this viewpoint, the decision

analysis framework can be summarized as follows:

The decision maker needs to choose one of the a’em allemanws

Nature then would choese one, of the possible states of nature.

Each combination of a decision ahematrve and state of nature would result in a payoff, whrch is gwen
as one of the entries in a payoff mble ‘

- 4. This payoff table should be used tb find an opzzmal alzemauve for tHe decision maker accordmg to an

appropnate criterion.

|
tGoferbroke Co. prob]em we will formnlate a general framework for.

Soon we will present three possrbrhtres for this criterion, where the ﬁrst one (the maximin pdyoff criterion)
comes from game theory. o
However, this analogy to two- person 2€10-5UM gahnes breaks down i in one important respect. In game

theory, both players are assumed 1o be rational and choosm g their strategies to promote their own welfare.

This description still fits the decisicn: maker but certamly not nature. By contrast, nature now is a passive
player that chooses its strategies (states of nature) in Eome random fashion. This chfmge means that the
game theory criterion for how to choose an optrmal str tegy (alternative) will not appeal to many dCClSIOR
makers in the current context, . L . e R T

One additional element needs 1o be added to the decision amlysrs framework The demsron maker gen-
erally will have some information that should be taken j\to account about‘ l'he relative likelihood of the pos=

sible states of nature. Such mformimon can usua]ly be translated to a ﬁrobabjhty drstnbutrun, actmg as i
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# TABLE 15.2 Payoff table for the_decision analysis
7+ "formulation of the Goferbroke Co. problem

Staié' of :Nétt.;re
Alternati{‘\'/e | | _ oil : . Dry
1. Dril for oil , 700 - —1'00
2. Sell th%i}iland’—' .90 J o 90
Prior proéggi_aility o eas ik 0.75

of an individual. The probabilities for the respédive. states of nature provided by the pior distribution are -

3

" called prior probabilities’. | o
' A . : - ! | S

Formﬁla_tion of the Pro#oty:pe Example in This Framework

AS indicated in Table 15.1, thé Goferbroke Co Has two, possible;aeg'ision alternatives under consideration:

drill for oil or sell the land. The possible states 1f nature are thaj the land.contains oil-and that'it does not; -

t  as designated in the column headings of Table 15.1-by oil and Iry. Since the consulting geologist has &§-

timated that there is 1 chance in 4 of oil (and $0 3 chances in 4 of no oil), the prior probabilities of the .
two states of nature are 0.25land 0.75, respectively. Therefo,re,i'wit.h the payoff in units of thousands of
dollars of profit, the payoff .t§bl_e can be obtained directly. from Table.15.1,.as shown in Table 15.2.

We will use this payoff ¢
described below. ‘
-+ The Maximin Payoff Cr%&eﬁon

¢ If the decision maker’s p;oble:tn._were to bé:fyi__c_i%/ed:é,s_a game against nature, then game theory. would say

 to choose the'.deci's'i'dn alternative according to_(ht:1 minimax crilerion (as described in Sec. 14.2). From'the -

* viewpoint of player 1 (the decision maker), this chiterion is more aptly named the maximin payoff criterion, |
’ : ‘ [ .

~ as sumumarized below.

Maximin payoff criterioéh: For each possible-decision alternatjve, find the minimum payoff over
all possible states of nature. Next, find the maximiim of _Ihese_:nll_i_njmmn payoffs. Choose the al-

ble next to find the optimal a]te’ma'ftive according to each of the three criteria

-__temative whose minimum payoff gives this maximum. -

Table 15.3 shows the appjication of this criterion to the prototype example. Thus, since the minimum
payoff for s'elli'ng (90)‘is =1arg<%‘r than that for dnlling (—100), the former altemative (sell the land); will be
chosen. o | . , -

The rationale for this critérion is that it provides the best guarantee of the payoff that will be. obtained. -
Regardless of what the true state of nature tums out to be for the example, the payols #am selling the Jand
cannot be less than 90, which provides the best available gumanteé. Thus, this criterion takes the pessimistic
viewpoint that, regaidless of \%hich'altemative is selected, the VJ}OI'S( state of nature fo"r:,‘ that alternative 1s

b

+ likely to occur, so we should choose the altemative which provides the best payoff with its worst state of

! ; oy

ature. .
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5 TABLE 15.3 Application of ‘the maximin payoff cntenon to the fxrst
Goferbroke Co. prob!em

:rion.in this context. In effect, it assumes that nature is a conscious opponen: that wants to infl

_ State of Nature ' : -. '
Alternative - il " Dry .' Minfmum
1. Dill for oif 700 ~100 ~100 . |
2. Seli the land 90 90 90 ¢~ Meximnin value
Prior probability b_.z’s 'Q;'75 |

H L]
i‘

@ TABLE 15.4 Applncatloh of the maximum fikelihood cr"tenon to the ﬂrst
- Goferbroke Co. problem ' o

ra

: State of Nature . R T

Alternative L i D"Y

1Dl for off e g ~100- —100" . |
..................... 2 Seltheland | %0 s *Mmmmm‘}“scof“m”

Prior probability -~ | 025 - © 075

>

Sr .. Maximum

i . ','- i

\ . . . V%
This rauonale is quite-valid- when one is competing against a rational ahd- malevolent opponent How- ‘
ever, this criterioB&#n5t often used in }iames against nature because it is an extremely. conservanve mre~

damage as possible on the decision maker. Nature.js not a malevolent. opponent, and the decision maker
does not'need to focus solely on the wforst possible payoff from each alternative. This is especially bue
when the worst possible payoff from: an alternative comes from a relatively unhkely state of nature.

Thus, this criterion noxmal y is of mterest on]y to a very ‘cautious decnslon maker.

The Maximum Likelihood Cn!tenon o b !4

The next cntenon focuses on the most hkeéy -state-of nature, as summanzed below.

'Choose this dems:on altemanvc

Applying this criterion to the e,cample Table 15.4 mdwates that the Dryﬁstate has the largest prior prob-'
ability. In the Dry-column, the sell altemative has the maximum payoff, so the choice is to sell the land.

The appeal of this:criteron is that the most important state of nature is the most likely one, so.the al-
temnative chosen Is the best one for thxs pamcularly unportant state of nature. Basmg the decision on thcv
assumptron that th;s state of nature will occur tends 10 give a better thance of a favorable outcomne than as-~
suming any other state of nature. Furthermore, the critenion does not rely on questionable subjective ch-.
mates of the probabilities of the respective states of nature other than 1dent1fymg the most likely state.

The maior drawback of the criterion 1s that 1t compl tf*ly 1£n0res *nuch relevant information. No stale
S stane i considered other than te mod Ejkelv ont.
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the probability of the most hkely orie may be
quite unwarranted. Even in the example, where

;uue small, so focusing on just this one state of nature 18
the prior probablhly of the Dry state is 0.75, this criterion

.1ng criteria, , T - o

ignores the extremely attractive payoff of 700 1f the company drills and fi nds 0il:"In effect; the critérion

~ does not pemnt gambling on a low-pr obablhty big payoff, no matter how-attractive the gamble may be

Bayes’ Decision Rule’ A | : B!

Our third. crrterron and the one commonly chose IS Bayes declszon rule described below.
l

Bayes’ decision rule: Usmg the best avalla ]e estimates of the probabxhtles of the-respective states.

— of nature (currently the gnor probabilities), calculate the expected value of the payoff for each of

the possible decision altegrnahves Choose the decision a]te atlve W1th the maxunum expected pay- -
off. ~ P :

- For the prototype example these expected payoffs are ca]culated dlrectly from Table 15 2 asfollows:

E[Payoff (dn]l)] 0. 25(;700) + 0. 75( 100)

Y'/’*‘“‘ 99228 51111

= 100. e\
 E{Pajoff (sell)] '—025(90)+075<90> ] e E
= 90. - . %, WS’:‘L’,Zé’hiﬁﬁi’;ﬁ?‘,‘ﬁ.‘,ﬁ“ﬁ,"m"';;4""

- 9:7/9 JaYanagav @ “‘3\\25“
Since 100 is larger than 90, the alternative seIected is to drill for oil. ‘
Note that this cho1ce co] ntrasts with the selectlon of the seII a'temahve under each of the two preced—

The big: advantage of Bayes decision rule is that it incorporates all the available mfonmanon includ- -
ing all the payoffs and the Jigst available estimates of the probabilities of the respective states of nature.
It 15 sometimes argued # éla these estimates of the: probabllmes necessarily ‘are largely subjective and
s0 are too shaky to be trusted. There is no accurate Way of predictmg the future, including a future state ()f

w"
nature,even in probability lerms This argument has some va 1d1ty The reasonableness of the estimates. of
the probablhtxes should be assessed in each individual situation; ' '

AT
Nevertheless, under manfy circumstances, past experience and current evxdence enable one. lo develop
reasonable estimates of the p;obéblllﬂeS Using this’ mformallon should provide bettcrlgrounds for a sound

~ decision than ignoring it. Furthermore, experimentation frequen ly can be conducted to improve these esti-

mates, as described in the nex section. 'Iherefore we will be 1smg only Bayes’ decision rule throughout. .

- the remainder of the chapter. i’ ' .wl

sitivity analysis, as described below.

10°aSsEss the etfect of poSsible inaccuracies. in the pnor probabxhhes, it often 18 helpful to conduct sen-

oy

'Sénsitivity Analysis with Bayes’ De'cision Rule - 3

Sensitivity analysis common]y 15 used with various apphcahong of operations research to study the effect
if some ‘of the numbers included in the mathematical model are nof correct. In this case, the mathematical
model is represented by the H.ayoff table shown in Table 15.2. The numbers in this*table that are most ques-

i
i : _ ,
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tionable are the prior probabﬂmes We will focus thé sensitivity amlym on these numbers, alt’ho_i:lgh a sim-
itar approach could be’ applied to the payoffs given in the table.

The sum of the two-prier probabilities must equal -1, so increasing one of these pmbabxhtles automnat-
ically decreasés the other one by the same amount, and vice versa. Goferbroke s management feels that the _

true chances of having oil on-the tract-of land are likely to lie somewhere between 15 and 35 percent. In
other -words, the true prior probability of having oil is likely to be in the range from 0 15 t0 0.35, so0 the
correspondmg prior probability of the land being dry would range From 0.85 to 0.65. :

Lettin
: o &ﬁ’m“‘"“‘sr
B QY Z, :9
p= pnor probablhty of Ok] V’,@ 99728 1171 %8
gﬁ' 99727 31114 \;
the expected payoff’ from dnihng for any p is' . Vhal®™ fjf,f,f’.ﬁ.i'i’.'n o
' Jj&;,el; wwwaredhyniechoolopies.co.in o \°

3 X
0, e
o Jayanagar & e

[Payoff (dnll)] = 700p IOO(I - p) _
=800p-100." P

The slanting ] hne in Fig.'15.1 shows the plot of this expected payoff versus - Since the payoff from selhng :

- the land would be 90 for any p,ithe flat line in Fig. 15.1 gives E[Payoff (sell)] versus p. _ '

The four dots in Fig: 15.1- show the-expected-payoff for the-two decision aliernatives When p = 0; 15 oap=-
035 Whei =015, the deasmn ‘swings-over to'selling the land by a w;{de mergin {an expected payoff of 90

versus only 20 for ﬁnﬂmg) However, when p = 035, the decision 1§ to drill by a wide margin (expected pay—
off = 180 versus only. 90 for selhng) "Thus, the decision is very sensztzve to p. This sensitivity analysis has re-

'vealed that it is unportant to do moke if’ p0331b]e {0 develop a more precxse ‘gstitmate of the true value of p.

®FIGURE 151 .. ¢ W

Graphical display of o L
- how the expected 700 L
.'payoff o R " ]) ‘Pr‘ﬂlforoxl
& decision alternative. = = -
: changes when the - @ 600 - { — S
i rior probabifity of B | L o i
| o chgnges for the = . p Region ) . Regionwheretle -
first Goferbr“f S, CO : 8.'500 {— where the | decision should be
bi s B ) decisior -V tognltforoit
: probiem. S .| shouldbe |- :
ﬂﬁ 3 . E-qUU]—— %\rac} r
\ HA——thedand. | —
I o , .
' !
300 i
‘ ]
. |
| |
" l
: ]
100 k= ' Sell the land
" !
s A IR L SR o
——— 02y 04 0.6 038 10 .
Crossover, - # Prior probability of oil (p)

~100 point ’

AR




“The point in Fig. 15.1 where the two lines intersect 15 the crqssover point where the decision -shifts
from one- altermative (sell lhe land) to the other (dnll for oil) as Lhe pnor prooabxhty iricreases. To find this

point, we .set

EfPayoff (dnll)} = {Payoff (sell)]

S )
99728 SHII\

800p — 100=90. |
190‘ - Q‘éﬂ’r 99727 31111 &
a1 B RV W - )

"6
w.etathyalechnclogies.coin o
}2,0 A4 ) '] ‘@

&) o
Qar Ne
® Jayanaga: ot

Conc]uszon Should sell the land if p < 0. 2375
- Should dnH for oil if p > 0.2375. !

Thus, when trying to reﬁne the estimate of the true value of p, the key QUCSUOH is whether 1t 1s smaller or
" larger than 0.2375. :
For other problems that have more than two decision alternatives, the same kind of analysis can be ap-
_ plied, The main difference is that there now would be more than two liries (one per altemnative) in the graph-
ical display corresponding tto Fig: 15.1. However, the top line for any particular value of the prior proba-
i bility still indicates which aI‘ ternative should be chosen. With more, than two.lines, there might be more than .
£ one crossover point where he decision shifts ffom one alternative to another.
© o You-ean-sge-an: example of performmg this- kmd‘--of--analysxs with three decision alternatives in the -
Worked Examples section of the CD-ROM. (T 1s same examplb also illustrates the application-of- all three -
decision ¢riteria considered in this section.) | :
" For a problem with more than two possible states of nature the most s traightforward approach -is to-
' “focus the sens;tmty ana1y31s on’ only two states at a ume as descnbed above. This again would mvolve in-

other state’ decreases by the same amount holdl' gﬁxed the pndr probabxhtles of the remaining states. This
:  procedure then can be repeated for as mary other pairs of states as desired. - )
S N Practxtlonels sometlmes use software to as ist them in performmg this kind of sensmv; y analysis, in-
: cludmg generatmo the’ graphs For example, a; Excel add-in in your OR Courseware called Senslr is de-

~ signed specxﬁcally for conductmg sensxtmtyﬁna ysis with probablhstlc models such as wheii applying
Bayes’ decision rule. Comp%ete documentation for Senslt is mc&uded on your CD-ROM. Section 15.5 w1]l
describe and illustrate the a;ophcatlon of Senslt. ' g :
. . Because the decision tIr*e Goferbroke Co. should make depends 50 crmcally on the true probablhty of

oil, serious consideration should be given to’ conductmg a- selsrmc survey to estimate this probablhty more

closely. We WJH explore thjs ophon in the next two sections.

[l

&

4 - . )

15 3 DEC!SEON MAKiNG WiTH EXPER!MENTAT!ON

Frequently, additional testing (CXpBIlmCDtaUOH) can be done to improve the prehmmary estimates of the-
probabilities of the. respecuve states of nature prowded bythe prior probabxhhes These improved estimates

are called posterior probabr]mes
We first update the Goerbroke Co. exammple to incorporate expenmentahon then describe how to de-
rive the posterior probabilities, and finally discuss how to decxde ‘whether it is worthwhile to conduct ex-

penmenlanon

Contmumg the Protolype Example

As mentxoned at the end of Sec. 15.1, an available option before. making a decision is to conduct a detailed. ' g

cdigmin anrvey nf thp land o ahtain a hetter ectimate.of the nrnhah:hfv of ail. The cast is $30.000. a ; i
: ( . - "“Ybr,gﬁ A i



* Proceeding now in geniéral terms, we let

A seismic survey obtains seismic soundings that |indicate, whether the geological structure is favorable
to the presence of oil. We will divide the possible findings.of the survey into the following two categories:

USS: Unfavorable seismic soundings; oil is fairly untlkely.
FSS: Favorable seismic soundmgs oil is fairly hktﬂy

Based on past expenence if there 1s oil, then the probabthty of unfavorable seismie soundlngs is
P(USS | State = Oi)=04, so  PFSS | State =0il)=1-04 = 06.

Similarly, if there-is no.oil (i.e.; the true state of nature 18 Dry) then the probabrhty of unfavorab]e sersrmc ‘

soundings is estimated to be ' |
P(USS | State = Dry) = 0.8, - is0 P(FSS]State =Dry)=1-08=02

- We soon will use these data to find the postenor probabilities of the respectlve states of nature given
the seismic soundrnos . o

H

,i.

Posterior Probabilitiés

i

n= number of p0331ble states of nature;

P(Statei = state z) = prior probablhty that true state ‘of nature is state By for i=1

t
! 2w .

" Finding = finding from expetimentation (a random vanable)
Fmdmg] = one p0331ble value of ﬁndtlng,

P(State = state zIFrndmg - finding j)= postertor probablhty that ‘true state of nature 1s state I, glven
‘ that Finding = finding J, for i=1,2,.

The question currently betng 'lddressed 1s the fo]lowmg

Given P(State = state §) and P(Fmdmg ﬁndmg] IState = state'i),
fori=1,2,...,n whati is P(State = state; zIFmdmg finding ;)7
This qttegtton is answered by combmmg the followm0 standard formulas of probablhty theory

P(State = state I, Fmdmﬂ = finding j)
P(Fmdmg ﬁnqmg j)

t
P(State = state letndmg ﬂndmg J) =

uld

_ P(Fmdmg" ; ﬁndmg]) Z P($tate = state k, Fxndmg fndng)
P(State = state I, Fmdmg fndmg]) = P(Pmdmg = ﬁndmg] l State = state 1)
.- P(State = state i).

Therefore, foreachi=1,2,...,n, the desired formula for the corre3p<bnd1ng posterior probabrhty 1s

| 9972731111
98456 42144

4 www.adbyatvinialeco.in
;

i

Q- e '
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. E FIGURE 15.2 Pror . (_Joodiiional S ot Posteror .
- Probability tree Probabilities ~ Probabilities- Prcbablhnes Probabilitiés’
diagram for the full - P(stare) " P(findinglstate)  P(state and finding) ~ P(statelfinding)

3 calculation of each
i posterior-probability
of the state of

[ finding of the

seismic survey. — . !
— Ol andUSS__ - Ol given USS | |
L s |
|

| ~015 _gs| |

-0.75(0.2) = 015/ 03— |

Dry and FSS  Dry, givenFSS %

|

J

]

]

(This formula. often is referred to as"Bay‘e§ "theorem because it was Edevelope’d by Themas, Bayos, the same. |

18th -century mathematician who i§ credited with developing Bayes” decision nilg.)-
Now let us return 10 the prototype-example and apply this fonnu)a If the finding -of the seisniic-survey

1§ unfavorable S€ISITHC soundmgs (USS) then the poslenor probablhnes ae e VL
B L 04025 1 |
P(State = 0il | Finding = USS) = 34025) + 08075) 7
P(State = Dry ‘Fmdmg“‘ USS) =1- —;— = —g— : |

Slmxlarly, 1f the seismic survey glves favorablc selsrmc soundings ( PSS) then I

_ 0.6(0. 25) B3
P(State oulFmdmg FSS) = 05029+ 0207 ~ 7
P(State = Dry lFmdmg FSS) =1 — %— %

The probablhty tree dxagram in Flg 15 2 shows a-nice way of orgamzmg these calculatlons in an in-

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

umn are part: of the: mput dafa for the problern

Goferbroke Co.

problem showing all
the probabilities... . . ..
leading to the.

nature given the

.' nlnplymg each probabxhty m thc ﬁrst column b) a prob-m‘
ability in thé,second column gives the corresponding joint probability in the third column. Each joint -
probabmty then becomes. the numerator in. the c lcuIatxon of the corresponding postenor probability in the .

P - - 0.1 _ o
0.25(0:4) =0.01— - 57;%&_ .

07508) 0.6 ‘9—8-_6—.__— |

- Dry a.nd Uss Dry given USS

 Uncorfcitional probabilities: PFSS) = 0.15 + 0,15 = 0.3 :
' Pinding) - PUSSI= 01 4 BA = 0T —m g

i

i :



Do

- foutth column. Cumulatmg the ;fomt prObab}lltICS wﬂh the samie finding (as shown at the bottom of the
S figure) provides'the denommato for each postenor probability with,this finding. (If you would like tosee £
; another example” of using a probablhty tree, diagram te determine L,the posterior prebablhtxes one is in-

i
i

cluded in the Worked Examples section of the CD-ROM.) ;
Your OR Courseware also includes an Excel template for computmg these postenor probabxlmes as
shown i inbFig. 153, ’ ik : |
After these computations | have been complete Bayes decision rule can be apphed jUSt as before, with
the posteriorprobabilities riow replacmg the prlqr probabiities, Agam by using the payoffs (in units of -
- thousands of dollars) from Table 15.2 and subtractmg the cost of the. expenmentanon we obtain the results
shown below. . o B

Expected payoﬁ’v if ﬁndmg is unfavorable seismig s_ound_iz_igs (USS ) -

[Payoff(dnllledmg . UsS) --(700) +-—§f(.+1ooy— 30

A i
/8 99728 51111
%‘h 99727311”'
98456 42144
\ ww.araghyatutorials.co.io

v
,6}’6,7 TR audhyalechnulnqnu co.in 'b@

ez

[Payoff (sel lFmdmg USS)] —(90) +|,6/(90) 30 S
" = 60
2 “GURE.ES.S. ool Tal e [ e ] { N G H
This posterior iy "ﬁ=mpla’té"”fror Postenor Probabilittes
f. _ probabilities — - i l i —
= |....templaté in your OR . 3 | |Data: ' .. P(Finding i State)
, -.Courseware enables 4 | - | State of|”_ Prior : " Findng_- - :
efficient calculation’ 5. | | Nature | Probability : I
of posterior 6 | g,
¢ probabilities, as 7 :
illustrated here for 8| :
the full Goferbroke . |9 |
' Co. problem. : 10 |, ‘
' | T N | e l { | .
] 12} |Posterior| . - - - P(State | Finding)
R 13} | Probabifitiest———————— “Stateof Nature N o
| 5]
16 .
' 17
18
19 ;
12 |Posterior - : P{State | Finding) | .
13 {Probhbilities: | L _ State of Nature |
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Expected payoffs.if. ﬁndmg is favorable seismic soundmgs (FSS)

O - e
‘2’,;,@“ 99728 51111 %

& 9972731111
<p 98456 42144

Z wew.arsdbyatutotiais.co.in

7
/d), wwy.acadhyatechaologins.co.in &
& o

3 29
93r 5 + 2\
"9 Jayanagat ©

[Payoff (dnll}Fmdmg FSS)] (700? —-( 100)
=270. | !

P
i

E[Payoff (seulFmdmg FSS)] = —(9o)+%(90)—3o

I

—60

a " Since the objective is to maximize the expected payoff;. these restfﬂt.é yield the eptimal policy shown in Table

. 155

i dress this issue next. | ,,‘

 The Va!ue of Expenmf}ntatuon

tary methods of evaluating 1ts potential value.

provement in the expec[ed pﬁyoﬁ‘ would be (1gnonng the cost of the’ eXpenmenL) Thls quantity, c called the
expected value of perfect information, provides an upper bound on-the potential value of the experiment.

forgone. : S i
However, .if [hlS upper bound. exceeds the cost of the. expemment then the second, (slower) method

should be used next. This method calculates the actual imptovement in the expected payoff (ignoring the
*-cost of the experiment) thay would result from performing the exp%nment Companng this improvement

with the cost indicates whether the experiment should be performed

Expected Value of Perfeit Information. Suppose now that the experiment could deﬁnitely identify
what the true state of- natureugs thereby providing “perfect” information. Whichever state of nature is iden-

MMWMWMhemaxlxmmpayoiﬂim that-state_We do not know in advance B

which state of nature will be'identified, so a calculation of the expected_zyvff with perfect information (ig-

--However, what this analys1s does not answer is whether 1t 1s wonh spendmg $3O 000 to conduct the '
experimentation (the seismic survey). Perhaps t would be bette: to forgo this major expense and just. usei
the optimal solution w1thout experimentation ( nll for oil, W1th an expected payoff of $100,000). We ad-

- Before performing any exp?nmem we should detenmne 1ts potenual value. We present two complemen-

The first method assumes (umeahstxcal ) that the expenment will remove all uncertamty about What.

- 'Therefore if thlS upper bound is less than the cpst of the expenment the experiment deﬂmtely should be

: |
noring the cost of the experiment) requires weighting the maxmmm payoff for eackss M:? of nature by t he

. prior probabxhty of that state of nature.
This calculation is show{p at the bottom of Table 15.6 for the full Goferbroke Co. problem where the

expected value of perfect mf( rmatlon 18 242 5.

@ TABLE 15.5 The optimal policy with experlmentatlony under Bayes decasuon

i rule, fur the full Goferbroke Co. problem
Fifiding from | Optimal.~ | Expected Payoff | | Expected Payoff Including
Seismic Survey ] Alternative | Excluding Cost of Surveﬁ' Cost of Survey

uss - Sell the land 90 k _
FSS | Diill for il i 308 ‘ l ' 278

;

t

b

R 39
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RereroAd
wiosas [

Expected payoff with perfact mformatlon
for the full Goferbroke Co. problem

T

R expenment generatm g the. mformatxon D)

apreme o e
ezt B

1 : State of Nat1ure : .
" Alternative 0il . ' Dry
1. Diiltfor ol - 700 . —1%0.
2. Self the lapd : | 90 ;90
Maximum payoff 00 © .. T M
Prior probability 025 0.75

. 3 . . Tl -
 Expected payoff with perfect lnforthatl’on = 0.25(700) +:0.75(90) = 242.5

Thus, if the Goferbroke Co could lcam before choosmg its actlon whether the land contams oil, the ex- |
pected payoft as of now (before adqumng tlus mformatlon) would be $242 500 (excludmg the cost of the

* Toevaluate whether the expenlnent should.be conducted we now Fuse thlS quantlty to calculate the ex-

pected value' of perfect mfonnatxon ' ' B : ll

* . The expected value of perfect mermatlon abbrewated EVPI is' calculated as -’

EVPI= expected-payoff with perfcct mformatlon - expected payoff w1thout expenmentatlon

Thus‘ since experimentation usualiy cannot provxde perfect mformatmn EVPI prowdes an Upper bound on
. the expected value of expenmentatlon . l

For this same example; we-found in, See, 1522 that the expected payoff WlthOUl experimentation (un- .
der Bayes’ decision rule) is lOO T berefore

EVPI= 242.5'- 100 = 1425

' o
Since 142.5 far exceeds 30 the cost of experiment tlon (a seismic survey) it may. be worthwhtle to pro-

ceed with the seismic survey. To find out for sure, e nOW g0- to the sccond method of evaluatmg the po-

tential benefit of expenmentatxon . : } | |
; i

Expected Value of Expenmentatxon Rather thian just obtain an up?per bound on the expected increase
in payoff (excluding the cost of the experiment) dueto‘pte—rrorrmng experimentation, we now will do some-

what more work to calculaT this expe eXpected mcrease directly. This quantlty is called the expected value of
experimentation. ‘

Calculating this quantity reqmres first computing’ the expected payoff with expenmentatlon {excluding
the cost of the experiment). Obtaining this latter quantity requires doing all the work described earlier to find
all the posterior probabilities, the restlting optimal policy with experimentation, and the cormesponding ex-
pected payoff (excluding the cost of the experiment) for each possible finding from the- experiment. Then each
of these expected payaffs needs to be weighted by the probability of the coxrespondmcr finding, that is,

Expected payoff with expenmentatlon = zP(Fmdmg : finding.j) o S
| E[payofleindin_g.: ﬁn_ding il
where the summation is taken over all posslble values of . Y

SRR~ R R TR R SR | RS e S T AT
i
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S TR

S TR AT T
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e e
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Yor the prototype example we have alread; done all the work to obtain the terms on the right side of
- this equation. The values of P(Fmdmg ﬁndm ! 7) for the two possrble findings from the seismic survey—
unfavorable (USS) and- favorable (FSS)—~were calcnlatedrat the' bottom of the probabrhty tree dragram m

Fig. 15.2 as ;
i
P(USS) = P(FS.S)

For the _optimal pohcy with experxmentatron the correspondmg cl)xpected payoff (excludmg the cost of the
seismic survey) for each ﬁnd%ng was obtained i in the third co]ump of Table 15.5 as

B@ayoft | Finding = USS) =%,
E(Payofflrmdmg FSS) =200, |

(R

- 99728 51111 \90_
o

&

WEIh these numbers;- -

ST 0972731111
93456 42144
FERR méﬁymmms t8.ip
., wevaiadhpatecasalagit.co. U\“v\,g

Expected payoff wrth ex%)enmentatron = (.7(90) + 0. 3(300) T
| =153. z’

.(‘F-z
Now we are ready to cal q late the expected-value- of expenmentatwn """""""""""""""""
‘--V-The expected value: of efrperlmentatlon""abbrevrated EVE, 1;; calculated as
EVE = expected payoff wrth expenmentatron - expected ‘payoff wrthout expenmentatron

Thus EVE 1dent1ﬁes the’ potennal value.of experlmentatron . SR i ﬁ;‘wg;;a

For the Goferbmke Co., - : AR . | K ';“;‘23.

! i PR A b

CEVE=13-100=53.§ S E

Smce this value exceeds 30, the cost of conducnng a detailed sersrmc survey (m umts of thousands of dol—
lars), this expenmentatlon should be done. ' !

‘

5.4 DEC&SEON TREES

~ecision trees provide a useful way of visually displaying the protrlem énd then érgam’zing the computa-

wonal work already described in the preceding two sections, Theseltrees are especially helpful when a se-

“uence of deczsrons must be mcrde

""""""""" __on_St_ructing the Decisicn Tree

The prototype example involves a sequence of two decisions: T

1. Should a seismic survey be conducted befere an action is chosen? ‘ :
2. Which action (drill for ol of sell the land) should be chosen? |

The corresponding decision tree (before adding numbers and perforrmng computatrons) is displayed in Fig.
154. :
'Ihe - junction pomts in the decrsron tree are referred to as nodes (or forks) and the lines are called
‘\ranches ' -

— A decrsxon ncde represented by a square indicates that a decision needs t6 be made at that point
in the process. An event nede (or chance node), represented hy a circle, indicates that 2 random

TYEI TULCULS m umt LJUUA
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B FIGURE 15.4
The decision tree
{before including
any numbers) for
the full Goferbroke
Co. problem.

£ g and k), where its two branches correSpond tb the'two p0351ble states of nature

Note that the path followed from node a to reach any terminal branch (except the bottom_one) is de-
termined both by the decxslons made and by random events that are outside the control of the decision
maker. This is characteristic of- problems addressed by decision analysis.

The next $tep in constructing the dec131on tree i$ to insert numbers into the tree as shown in Fxg 15 3.
The numbers under or over the branches that are pot in! parentheses are the cash flows (in thousands of dol-
Jars) that occur at those branches. For each path| through the tree from node a to a terminal branch, these

..same numbers then ‘are added to obtain the res% ilting total payoff 1shown in boldface to: the rghtof that

branch. The last set of numbérs is the probabilities of random evenf< In particular, since each branch em-
anating from an event node represents a possible random event, the probability of this event occurring from’
th;s node bas been mserted n parentheses along this branch From event node h, the probabxhtzes are the,

2 DRELLTI simos

T e TS I

sIrTmieacspy ver rreven e _ o feoeiniised
LRLADA IR DI TLAT bl SULETRTET ORI QICURS jOATNG 4 BEh wnt vt 4 0T 1




: o ;
c‘t‘ et .Aiﬁ%é
“(‘,' % 00728 5131 SAY
%’ rlr 997*731!15 o
ﬁi 9k456142144 :
¢ w1 aéhyalvionials.Lo.in 'f t wﬁ
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B FIGURE 15.5. -
he decision tree in
7ig. 15.4 after §
adding both the . -
‘robabilities of -
andom events and- ;
-2 payoffs
sen-to dall). The'r'eforé the proBabilitics from these event nodes are the posterior probabilities of the states J
- nature, given the finding from the SCISITHC Survey, where these nufmbers are given in Figs. 15.2-and 15.3. Fi-
1Ily, we hayﬁ_theimbpanche& B bers-hereare the probabitities of
:2se findings from the seismic survey, Favorable (FSS) or Unfavo -able (USS), as given undemeath the
lobablhty tree diagram-in Fig. 15.2 or in cells C15:C16 of Fig. 15.3._
A’erformmg the Analysns
Javing, constructed the decmon tree, including 1ts numbers We now are ready to analyze the problem by -
ising the following procedure. i - | - ;
vt‘v;: l . :“_ -
. Start at the right 31de of the df c¢ision tree and mol e left one column at a time. For each column pecform. -
- either step 2-0r'stép'3 depcndmo upon whether the nodes in that column are event node or dec1510n :
~.nodes. = : ’
- For each event node, calculate its expected paycﬁ by y mUmplymg the expected payoff of each branch.
~ {shown in boldface to the right of the bra.nch) bylthe probability cf that branch and then summing these |
: yquuCtS nccourum cxuc&.tc:u DAVOET Tor rrac R ”H FADN AL 1 ha '”';‘ ononant to e ::.“..'3:‘ AT .5.'-:'13;?,4_:; ‘L__
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~ this quantlty as also being. the expected payoff for the branch Ieadmg to this node.
3.-For each decision node, compare the expected payoffs of its branches and choose the alternative whose
branch has the largest expected payoff. In each case, record the cheice on the decision tree by msert-
ing a double dash as a bartier through each rcyicted branch. |
To begin the proeedure, conmger the rightmost colurrm of nodes: glam_ely, event nodes f g, and h. Ap-
plying step 2, their expected payoffs (EP) are calculated as L :
| i ,
EP= —{670) T —-( 130) = —15.77’ T f {
CoL b
' i
EP = ——(670) + -{ 130) = %70 for node g, !
| ‘ ' I . ‘.- ! . -‘ -' ..... ’ . B .
EP = Z(?OO) + Z('—IOO) = _IOO, for node £. , b
These expected payoffs then are piaced above these fiodes, as shown in Fig;"15,6-.-' o
. Payoff
The final decision , S . [
tree that records the | ' - o ' _,\(ij- P e §70-.
analysis for the full o '
Goferbroke Co.
problem when using
monetary payoffs.
Q.
T oage
F AT o e
98456 42144 had
2 uww.gndhya(ulolialf.co.in &
6}% \n_r.ww.aladhyale:hnnlouxu,to ln‘\*‘%@
\eia,i Japonag aLg-Ma\\B" .

R

ruwmmmaa

TR




Nierera
UNIT # 3

GAME THEORY, DECISION ANALYSIS
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=50, will be trealed as malpractice.
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2. Any revealing of identification, appeal 1o evaluator and/or equations written eg, 42+8

US|

LCLLLB L o

Time: 3 hrs.

1 a What is operations research? Mention si _phases ofang eratlons research study (05 Marks)
b. Formulate a linear programming model| for! the prob]ex; given below. The Apex television
company has to decide on the number '27-inch and 20-inch sets to be produced at one of
its. factories. Market research indicates that at most 40 jf the 27-inch sets and 10-of 20-inch
sets can be sold per month The maximum number of wark hours available js 500 per month.
A 27-inch set requires| 20 work hours and 20-inch set requrres 10 work hours.-Each 27-inch -
set sold produces a prf fit of $120 and each 20-inch produces a profit of $80. 'A wholesaler
agreed to-purchase all [the television sets produced if the numbers do not exceed the maxima-
indicated by market research . i o . (05 Marks) '
€. Use graphrcal method 1o solve the followmg LPP . 4?»1‘,2?2512 s-® .
- Maximize z=3x, +>X\sz x ' di‘ e m‘\,‘&_
4 aty 99726 81 2
' Sub)ect to x, <4 % § h’"i%’%é o<
2%, 512" - =L D S
37‘:,+2X2 <18.. ‘ , e
. % 20,x,20 Sl . (05 Marks)
.. d. ‘Write'the meaning:of following terms wrth respect toa LPP Grve example for each
'i)  Feasible solutrong i) Infeasible solution. nr)_\gF_‘eemble Tegion. _
iv) Optimal solution! - v} CPF. solutron S : (05 Marks)
72 a.. Write four assumptrons of linear programmmg ' (04 Marks)
b, Write six key solirtion q‘,oncepts of simplex rnethod , , (06 Marks) -
. C. Solve the follovnng LP# using simplex method in tabular form |
'Maxrmrze Z=5X +4x, _ : *
. Subjectto - 6x, +4x, <24
S X]+2X2$6 ‘
'. —x,+x251 ) Co ’ N
x,%2 and ; 20, %20 T 1 (10 Marks)
3 a Usmg Brngethod solwe the followmg N
- Mmm:uzez 3x,+2x2+x3 o L :1'j_~' R
Sub;ectto X, +x, =7 o S
;4‘1 C3x +x2+x3.210 , o - i ‘
and X >0 Ky 2 O X3 ZO . }'_ R P . .12 Marks)
-b. Explain the typical steps in post optlmahty analysm for lmear programmmg studies.
' : -(08 Marks)
4 a, Apply revrsed srmplex method to solve the followrng probl#a
: Maxrmlze z= 4x  F3%X, + 6x3 .
-Subjectto 3x -z—x2+3x3 530 | i " ,. L e
2%, +2%;+ 3x, <40 | | :
R and x,20, %, 20, x, 2 0 ) . (12 Marks)
b, Explam key relationshrps between pnmal and dual problems : ..(08 Marks), |

Slxth Semester B.E. Degre‘ Examlnatron, Dec.09/Jan.10

| i Operatlo s Research
: ‘Max. Marks:100

Note:1. Answer any FIV full questwns, seIectmg
at least TWO questions from each part.
2. Any missing data may be assul'med’ suztably
! ' I’af"t A ‘
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i . .- i Part-B .
a. Write a procedure for sensitivity analysis.
b. Use dual simplex method to solve the following:
Maximize z=-4y, ~12y, 18y, .

(08 Marks):

Subjectto y; +3y, 23 |
 aye2y,e8 o
o and ¥, 20, ¥, 20, y, 20
- _ s o

! (12 Marks) §
§ !
w |

' el . : 4
a. Suppose that England, Frante and Spain produce all the wheat; barley and oat$ in world. The
world demand for whtea{li-ré,quires 125 million acres of land devoted to wheat production;
similarly, 60 million acres of land are required for barley and 75 million acres of land for
oats, The total amounts of land available for these purpose‘*i? in England, France and Spain
are 70 million acres, 110 million acres, 80 mjllion acres ‘re<pectively. The number of hours
of labor needed in'_En_glanh,.’France and Spain to produce an acre of wheat is 18, 13 and 16
respgglively. The number 'ﬁf hours of labor needed in England, Francé and Spain to produce {
an acteOf barley is 15, 12 and 12 tespectively. The numbdr of hours of labor needed in [.

England, France and S‘paiﬁx to produce an acre of oats is 12 10 and 16 respectively. The?'

Jabor cost per hour in profhlcing iwheat is $9.00, $7.20 and $9.90 in England, France and {.

Spain respectively. The labor cost per hour in producing barﬁlqgwy is $8.10, $9.00 and $8.40 in !
‘England, France and Spain respectively. The labor cost per i]four in producing oats is $6.90, }
$7.50 and $6.30- in England, France and Spain respectively. The problem is to allocate land }
use in each country so as to meet the world food requirement and minimize the total labor
cost. ' R i . A
i)  Formulate this prgblem as a transportation problem by constructing the appropriate !:
. parameter table. - B S L i)

ii)  Starting with the;_'north west corher rule, interactively apply the transportation simplex !
method to obtain an (jfti_mal solution.| - ' ' (12 Marks) |

b. Write different steps in Hungarian algorithm to solve an assignment problem. (08 Marks) i

a. Explain basic characteristics of two person, zero sum game. Fpr the game having following 1

pay off table, determine the optimal strategy for each player by successivély eliminating :

dominated strategies. Indicate the order in which you eliminate strategies. (10 Marks) -
- Player-2 ' :
12 3 ﬁ
Player-1 1{1]2 |0 t
’ ; c2(2]32] ¢ -
3lof3 {1y ' v

b. Explain how to construct 4 dé‘cision tree and xiow itis used for decision analysis. . (10 Marks)
Explain briefly: L - B g

Metaheuristics, its-nature, advantage and disahv'an-tage. o

Tabu, search algorithm. R -

Simulated annealing algorithm.

Genetic algorithm. i

Ro o

i (20 Marks)
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' Sixth Semester B.E. Degree Exammatmn, May/June 2010
Operatlons Resedrch

Max. Marks:100

tgm

Time: 3 hrs. y _
' Note: Answer any Ff VE fuII questmns, selecting
at least TWO. ques'ttons from ea?h part.
 PART-A
1 a.. Explainthe fo1lowmg 0
- i) Origin, nature and impact of OR. - SR I
" 1) Deﬁmng the problem and gathermg thedata. .« = (10 Marks)
b. A farmer has to plant two kinds of trees P and Q in a land of 4000 sq.m. area. Each P tree
requires at least AS sq:m and Q tree requires at least 40 sq.m. of land. The annual water
requlrements of P tree is 30 units and of Q tree i$'15,units per tree, while at most 3000 units
- of water is avarlable It is also estimated that the ratlo of the number Q trees to the number of .
J
P trees should not be less than % and should not be. more than 7 . The return per tree from
4 =
Pis expected to be one and half nmes as mush as frorn Q tree. % _
Formulate the prohylem asa LP model _ o B 5;-;'%]1:" " (10 Marks)
2 a. Solvethe followxng LPP by srmplex method o UTORI b
‘MBXITHIZC Z= 3x; + 2X2 ] qzz}w ‘2";\?49 .

ISR

QSubject to XI +x 54, (= ﬁ:l'_z;‘v 9728 51111 R

~%3<2 gara? vt B}
>0. l " 98453 42144 / .
. % 12 n vc
. xr, X2 mm 3;3;*1*;;3:;&,; °§,‘w ‘ (10 Marks)
Splve the following LPP by sxmplex method va, ‘w\\e’
MalelZC Z 6X] + 8X2 - | . ) 'e Jay*nagar@ ~
Subjectto 2x; + 8x, <16 { e
2x1+4x2<8, I A S
X1, %22 0 SR N (10 Marks)

"[ . . Lo .

Explam in detail the computer implementation of sxmplex method and ava1lable software -

option for linear pro gramming. - : ' (10 Marks)
Explain the postoptrmahty analysis of lmear prograrmmng (05 Marks)
Explain the two phase technique procedure of solve LPP in simplex method. (U5 Marks)

Explam the relation between the solutlon of the pnmal and the dual. ’ (05 Marks)
Find the dual of the following problem: : :
Minimize Z = 2x3 + 5x3
SUb_]ECI to Xy + X2 >2.

L 2% Hixg + 6x3 <6

X1 - \2 + 3){3 =4 |

X3, X2, X3 >0 : ' (05 Marks)
Explam the computatloml procedure of revised sxmplex method in standard form. (10 Marks)

10f2
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Use dual smp]ex method and solve the followmg LPP

Minimize Z = 3x| + X3 . .

Subject to X; + x2'= | a
2%y +3x222

X1, X2 =20 : . ) , .(IOM-arkS)' -
Explain the role of duality theory in sensitivity analys;s - S - (05 Marks)
_ Explam how' sensmvny analysxs has been applied. ", ‘e (05 Marks)

Find an mmal soluuon to the fol]owmg transportatxon problem \

Destination

-Dl DZ D3 D4 D5 ﬁ‘;_
R o [716 457940
v %81 5TETTIRI%0
Orign O3 6 | 8 | 965 |20 SUPPY =
6
5

- \_ﬂoys 21718 10
o 30 30 15 20

D : Demand _ (10 Marks)
The owner of a small maLhme shop has four machmes available’ to assign forithe jobs. Five

jobs are offered to-assign] with the expected profits in hundreds of. rupees for each machme

on.each jOb bemg as follo‘ ‘ s ; oo
B o Job ,

L1 2 34

o A62 178 * 1101 8

-, B[70]84]65]75 66
C

LLh

‘%.J

o Madhines o e I | 70 8.2

3 . oplrlea[87]77]80]
* indicates that machine A and D cannot ‘perform the JObS 3 and 1 respectxvely Find the

assxgnmcnt of jobs to mag, mes that will result in the maximum proﬁt (10 Marks)
Solve the followmg game graphlcally o j z‘ : _ o Ma‘}_k's')" .
Player B B o
S B; B; B; i
lPleiyer A Ar|2 |6 220 |
Ay 1611014 : '_
Explain in detail decision makmg without expenmentatxon (05 Marks)
Explain the details of solvmg simple games in game theory (05 Marks)
Explain in detail, the mlmmum spanning tree\ problem with constraints. - (06 Marks) -
Outline the general procedure for generating a child from a pair of parents. - (06.Marks)
Explain the number of details that need to be work»,d out to fit structure of the problem.
‘ , : (08 Marks)
* % ok ok %
2072
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compulsorily draw diago.n'al cross lines on the rcmainit;g blank pages.

2. Any revealing of identification, appeal to evaluator and

.- Important Note : 1, On completing your answers,

=50,

Jor equations written eg, 42+8

will be treated as malpractice.
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Sixth Semester B.E. Degree Examlnatlon, December 2010
: ‘ g Operatlons Rese rch
Time: 3 hrs. ll Max. Marks:100
Note: 1. Answer any FIVE ful questions,
‘ selecting at least TWO questions from each part.
’ 2. Mzssmg data, if any, n[;ay be sutmbly ass umed
| PART-A
1 a Whatis operatlomé research'? Explain the six phases of astudy. ‘f"f ?'1:, (07 Marks)
'b. Use the graphical method to solve the problem i "! c
~ . Maximise Z % 10x; + 20x; e 1o
@Subject to - Xt 2x<15 i 3'
t X1+ x<12 oy
’ 5% +3xp<45 - ? '
‘and X, %20, ' A (07 Marks)
co Explam the linear programming 'model. L ! (06 Marks)
2 a 'Explam the. steps 1 needed to find feasxble solution usﬂng s1mplex method (06 Marks)
b. Work through thessxmplex method step by step to solve the following problem :
~ Minimize Z= x,'+ -3x2+3%;
- Subjectto  3xjj- Xy +2x3 <7 *
2X1+4X2 o >-12 i
- 4x1 + 3xz.+ 8X3 <10.
Vand . Xl, X2, X3 2 0 {14 Marks)
3 a. Solve, by using Big —~ M method, the followmg linear programmmg problem :
Maximise Z = - 2x;— . X2 : .
Subject to 3x;+ x3=3
4x,+3%, 26
X1.+2%, <4 U’EX"?BI
: ‘and - xl,xz>0 g f’f‘ \ (07 Marks)
b. ‘Use two-phase method to solve the problem L g‘;;;*: llll' |
. Minimize Z = 0.4x, + 0.5x, : 984f°1:lf,l?:cu . -S
Subject to 0. 3x;+0. 1X2 <2.7 _Levmw\::,ad);;v;;mologle 3.00 xw@
0:5%, +0.5% = 6 X g
0.6x+04x,2 6 .
and x.l, X2 2 0. (13 Marks)
4 a. Apply revxsed sxmplex method to solve the followmg problem
- Maximise Z = 6xj — 2x2 + 3x3
- Subject to 2l(, - Xp+2%3 <2 | -
' ' ;)’1 +4x3 <4 - e I .
o - and oq,xz, X3>0 ! (14 Marks)
b. Explain : L . ,
- 1) - Weak duality property - o
| i) Strong duality property - "} ' !
- i) Co'mplemen.t!ary solutions property. (06 Marks)

R
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‘Metaheuristics. i

Minimise Z = 22X +x,
Subjectto  3x; +x, > 3
4x; + 3x; 2' 6
X +2%,23
and  X;,x;2 0!

Write different steps in Hungari
Find the initial basic feasible so
below : S _

i

I

1I
I
v

: Orig"_in'

| Demand 21

Explain the various variéitiohs in solving games, with_’exagnples;
Solve the game whose payoff matrix to the player A is given below :

iy

Explain briefly : : R S
Decision trees . ,
Tabu search algorithm -
Genetic algorithm )

" PART-B

Explain the key relatioﬁships bét'ween_’ pﬁffélﬁ&nd dual proble
Solve the following problem by dual simplex method.

.

ms

; ‘Destinati,on
B

an algorithm to solve an assignment problem,
lution of transportation problem where cost — matrix is given

Supply

34

15

12

5
3
2
7

19

II.
Hi

A -
1 T
3
0
2

:]‘.p.utx_)wtj

25 |

i

‘B . :
I I
11 7121,

6 | 2
T

¥ 98456 42144
zr oww, aratiyatuton

I
& - W
ar @ Jayanag®' &,

2.0f2

glscoin " &f
) www‘aradtwa!echnnlngies.m;‘@ /
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(06 Marks)

(14 Marks) -

(08 Marks)

(12 Marks)

(08 Marks)

| (li Marks)

{20 Marks)
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i
i
i
!
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Important Note : 1. On completing your answers, compulsorily draw diagonali cross Jines on the remaininé blank pages.
2. Any revealing of identification, appeal to evaluator and /or equations written eg, 42+8

50, will be treated as malpractice.

USN | , g 06CS/IS661
Sixtlt Semester B.E. Degree Exammatlon, J une/July 2011
Operatlons Research K
Time: 3 hrs.’ _ 3' I Max. Marks:100 -
' Note: Answer FI VE full que;'tions, selecting
| at least TWO guestions om each part.
l‘ ! ‘ . '
_' iy PART-A =~ = . ! .
1 --a. What are the different phases of OR? Explain them bneﬂy - ! (08 Marks)
b. Define the: followmg with reference to LPP Ll
i) Unhounded solutlon ii) Feasible solution. iii) Slack Variable. = (04 Marks)
c. ABC firm manufactures three products P;, P, and Ps, The profits are Rs 30, Rs. 20 and
Rs. 40 respectively. The firm has two machines M1 and M2 and requires processing time in
minutes for each machine on each. product and total machme available minutes on each
machine are given below. -
| Machi Machine mmu‘tes requlr,ed Total machme
: AChne R 'P2 | P3 | minutes available
! M1 4 3 5 .1 .. 2000
: 1 M2 2 2 4 2500
The firm must manufacture at least 100 Py’s and 200 Py’s and 50 P3’s but 1ot mor e than
150 Py’s. Setup LP model to solve by simplex method . _ (08 Marks)
2 a Briefly explainassumptions requlred in Linear programmmg models. (05 Marks)
b. Use graphical method to solve the following: - '
X /
Maximize z = x, + =L
2 _ \’).-5 . ' .
subjectto 3x, +2x, <12 . (12 Marks)
5x],10 X, +X, <18 '
-X, 45x224 x,andx, =0
c. Whyis s1mp1e x‘method a better t chmque than graphlcal for most real case? Explain
_ (03 Marks)
3 a Explam the concept of degenerac in simplex method (04 Marks)
b. Use penalty method to solve the " llowmg LPP - o
Minimize -z =5x, +3x, . 5
Subjectto  2x, +4x, <12 , : 50 :
2x +2x2 —10 5x1 +2x2 210 o wwwuradhvi- : '
_ Xl .and X, ZO ' ', l ga’o Jayanagat e’ (16 Marks)
4 a. Construct the dual problem for th followmg LPP
' Maximize Z=16x, +14x, +36x, +6x, _ _
Subjectto 14x,+4x, +14x, +8x, =21 ; 13x, +17x, +80x, +2x, <48
. x* X, 20 ;%3;% unrestncted R (06 Marks)
b. Userevised su“pplex method to solve the fol]owmg LPP ! '

! o I e Ty

Maximize z = ik 2%, , y

subject to xl+x253, X, +2%, <5 R (14Mark§)
' 3);1_7}x2$6, X, X, 20 ’ | '

o 1of2

LN R




. : VoCS/IS661
o &8(72)
PART B % ‘ 68( ) '
Briefly discuss about sensmv1ty analysis. ; (06 Marks)
Find the maximumof z =06x,+8x, -
subject t0-5x, +2x,.£20 '
| X, +2x, £10 %
i X, &%, 20. N _ ;
by: solving:its:dual: problem ustng snnplex method ‘ (14:Marks) -

... Define feasible. solutlon, bas‘w fea31ble sol tlon, non-degenerate solutlon and optimal

solution. maTransportatmn problem. - b EER (06 Marks) .
A product. is. produced- by ‘4 factones ‘Fiy B3} F3 and F4 Then' unit’ productxon ‘costs -are’
Rs. 2, 3,1 and:5 respectlvely roduction capacity. of the. factories are 50; 70, 30 and 50 units
respectively, The product is su?phed to 4 stores Sy, S3;, S3and S, the réquirements of whlch
are: 25 -35,-105:and 20 respectwely Unit:costs of trans ortatlon are given below.”

Stores | :
,Factorles : S‘ S| 8| Si A&S
T F. (214l 6l11 _ i
Fy Wwisl7]5] & *% :
F;. 13-13t9 2] "
F, 416183 { '
Find the transportation plan such that the total producnon gu id -transportation cost is
minimum, | ‘ . (14 Marks)

14

3

Solve the following. a351gmnent problem. If it is: treated as a salesman problem and the cell -

entries represent cost in rupees, find the least cost route such that salesman does not visit any
CUeHy twice, o T

AIB|CIDI|E
A~ 12151741
BLe1-[3[812
ol cl 8711417
D{121416|~-15
El1 {3 2]8l-} - :
, ‘TORI ~. (14 Marks) -
Explain-the: foIlowmg 1 *E;'*‘”'?E’W 2’§ "‘5‘ \

: '- | Q e} 51411 \9
i) Minimax and Maximin principles. ' . _ A jgjgg e

it). Pare:and Mixed strategies: 95456 42444
iii) Two persons zero sum :'g‘ame

(06 Marks)
. Write a.brief note onTabu search algonthm R e (04 Marks)-
. Reduce'the followmg (2:x: n) game:to (2 X 2) game by graphmal method and hence solve,
B.
‘l\ _Ommavvylt
i AEREs el
i : | ml[2]a]a3]1]0 i |
‘ (08 Marks)

A news'paper boy has the: following probabl.htles of selhn .ama azme Sl
| No..of copies.sold | -10. | -1 U124 13 - Mo fe oo
. Probability--- |- 0.10-{-0. 15 0 20 0 .25 1 030

Cost.of a- copy is. 30 paise and: saﬂe price.is: 50 patse ‘He can not return unsold coples How :
many copies should he order? : - (08 Marks)

S * K K KK
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50, will be treated as malpra‘l:tice.

2. Any revealing of identification, appeal to evaluator and /or equations written eg, 42+8
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Sixth Semester B E. Degree Exammatmn, December 2011
'~ Operations Research

Time: 3 hrs ' - : Max. Marks:100
Note: Answer any FIVE full questions, selecting at least TWO questzons from each part.

1

a.
b.

- following:

PART - A -

What is operations research? Explain the impact the impact of OR. | " (06 Marks)

A farmer has 100 acre farm. He can sell all tomatoes, lettuce, or radishes he can raise. The price
he can obtain is ?’1 00 per kg for tomatoes, ¥0.75 & head for lettuce and ¥2.00 per kg for
radishes. The average yield per acre is 2000kg-of tomatoes, 3000 heads of lettuce and 1000kg of
radjshes. Fertilizer is available at ¥0.50 per kg and the -amount required per acre is 100kg each

. for tomatoes -and lettuce and 50kg for radishes. Labour required for sowing, cultivating and

harvesting per acre is 5 man-days for tomatoes and radishes and 6 man-days fort lettuce. A total

- of 400 man—days of labour are available at ¥20.0 per man-day. Formulate this problem as a }

linear programming model to maximjze the farmer’s total proﬁt o (06 Marks)

ol hens can be b sug,ht at T2 each ahd young ones at ?"5 each. The old hens lay 3 eggs per

week and the young.iones lay 5 eggs pet week, each egg bemg worth 30 paise. A hen (young or

old) costs T1 per ,week to feed. You have only T80 to spend for buying hens. How many of

each kind should you buy to give a prpfit of more than 6 per week assuming that you cannot '_

house more than 20 hens. Formulate th problem as an LPP and solve graphically.
(08 Marks) -

- TOYCO assembles three types of toys trams trucks and cars, using three operations. The daily-

limits on the available times for thé thrée operations arg 430, 460 and 420 minutes respectively,
and the revenues per unit of toy train, truck and car are $3, $2 and $5 respectively. The assembly.

~ times per train at the three operatlons are 1, 3 and. 1 minutes respectively. The corresponding’
times per truck and per car are (2, 0, 4) and (1, 2, 0) minutes (a zero time indicate that the .
. operation is not used) Formulate the p oblem as LPP and solve using the simplex method. '

(10 Marks) -

: Fxplam the spemal cases that arise in t e use of 51mplex method . (10 Marks)

. Solve the problem, using the Big-M m thod L

- Maximize 7 = 6x; + 4x, ‘ _

‘Subject to constrairits, 2x; + 3x < 30; 3x1 + 2x2 < 24 X1 +%23; x320; 20

‘Find at least two so}utxons : ’; (10 Marks)
units of vitamin A per gram and 7 units of vitamin B per gram and costs

Food X contains 6
12 paise per gram. Food Y contains 8 units.of vitamin A per gram and 12 units of vitamin B per
gram and costs 20 paise per gram. The daily minimum requlrements of vitamin A and vitamin B
are 100 units and 120 units respectively. Find the minimum cost of the product mix. Formulate
the problem and solye using the two phase method. | - . (10 Marks)

Use the revised Smelex method to solve the followmg LPP
Maximize Z = 6x; = 2x, — 3x3

~ Subject to constraints, 2x; - Xz +2x35$72 ; X) +4%3 € 4 X1, X2, X3 >0. ! (10 Marks)

Obtain the dual solution directly, using the inverse from solution of the primal.
Maximize Z = 5x; + 2X, + 3x3 ;
Sub_wct to constraints, X; +5X; +2x;=30; X1 — 5% —6x3 <40; X1,X, %2 O. (10 Marks)

?-‘ ‘ i E
PART - B |

Explain the parametric analysis with respect to change in ¢; and b; parameters. (08 Marks)
Obtain the optimal solution, using the dual simplex method for the dual problem of the

l l

Maximize Z =3x; + 5x, o .

Subject to con_strajnts, xX154; 2%<12; 3x3+2x,518; x120,x,20. (12 Marks) ' By
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6 a A depaxtment has ﬁve employees with five jobs to be perfonned The time (in hours) each men
will take to perform each job is given in the effectiveness matrix.

Employees )
I n m Iv v

cAalio]s5T13]05716

B{3][9/]18]{13] 6

1 = Jobs. Cl1077 (222,
D7 [1t[9 |7 [12]

’ E[7i9]10]4 12}

How should the jobs be allocated” One per employee, so as ro minimize the total man hours.
Use the Hungarian method, : (10 Marks)
b. The following table shows all the necessary information on the availability of supply to each

warehouse, the requuement of each market and unit transportation cost (1p ?) from each
warehouse to each market. |

S 3' Market .
, I ' © P Q R S Supply i:!
Al6l3 {514l 22 3
. Warehouse B(5s5|9 {27 15 *
i ! coc[5]7]sls 8;
o Demand | 7 [ 12179

| - —The, shlpplng clerk has worked out the following schedule frox’g& experlence 12 units from A to
' Q,(Dunit from A to R, 8 un tsfromAto S, 15 umts from B'to |

from C to R. P
g Theck and see if thé clerk has the optimal schedule. |
ii) Find the optlmal scjedule and minimum total transport cost. - _ (10 Marks)
B H i
ulh 3 7 a. Solve the game whose pay- lff matrix to the player A is given in the table (10 Marks)
: . ! B ] ‘
C 1 R I : j f'i
11 T 2 ‘ i
A II 6 .2 7
mi s 2 . .6 iy

b. What is a degision tree? How a decision tree is constructed? R'aman Industries Ltd. has a new
product which they expect has great potential. At the moment they have two courses of action
open to them. S; = To test the market and S, = To drop the product. If they test it, it will cost
50,000 and the response could be positive or negative with probabilities of 0.70 and 0.30
respectively. If it is positive] they could either market it with full scale or drop the product. If
they market with full scale, then the resultlmlght be low, medium or high demand and the
respective net pay-offs would be ¥100000, 100000 or T500000. These outcomes have
probabilities of 0.25, 0.55 and 0.20 respectlvefy If the result off the test marketing is negatlve
they have decided to drop the product. If at any point, they drop the product, there is a net gain
of ¥25,000 from the sale oj scrap. All financial values have been discounted to the present.
Draw a de01slon tree for the problem and indicate the most preferred decision. " (10 Marks)

.8 a. Consider the following Fig. Q8(a), where the dashed lines represeht the potentlal lirkks that could

be inserted into the networgc and the number next to each dhshed line represents the cost
associated with inserting that pamcular link.

RO N, Constraint 1 : No more than one of the threc links
= T g NN : AB,BC and AE can be mcluded
B | :
Ll o -7 Co stramt 2 : Link AB' can be mcluded only of
T~ \@ - - ~ linkBD also included.
FigQd() ]
Starting with the initial solutlon where the mserted links are AB, AC, AE and CD, apply the
basic Tabu search algorlthm to find the best solution. (10 Marks)
b. Write short notés on: i) Slmulated annealmg te hmque ii) Genetic algorithm. (10 Marks)
. * * * X 1k

29f2

7 units from C to P and 1 umt '

et .~
TR 5 B | S S L e

TV TR TR T R R

TEERAIT

A ROT A T T R T



Fime: 3 hrs.

c. Using simplex method of tabular form solve th LPP

a. Using two-phase method solve the LPP.

Sixth Semester B.E. Dé'gree Examina.tion,.Jun'
Operations Research - |

Note: Answer any FIVE full questzons, selectmg
at least TWO questions from each part

3 PART ~A L

Define ; 1) Fea51ble solutlon i) Feasible reglon

" B.The followmg table gives the data for the problem : |

uly 2009

Max. Marks:100

iii) Optimal solution
b. A manufacturer produces thrée models I, 11, III'of certain product usmg ra

" 06CS661

w materials A and

(06 Marks)

basic and non basic vanables _ -- |
2% +X, +4x, =11, 3x +x2+5x3—14

Maximize Z=4x;+3x,+ 6x3

Subject to 2X1 + 3% +2x3 < 440 o
4% +3x3 ‘470 :
2x; + 5%, 9430

XI’XZ’X3ZO : -

Minimize Z=7.5%; 3%, § '
Subject to 3x1 -Xy- x,§> 3 g  osise P ]
- “Xp+x3>2 ’a“éi‘hy‘i?!cn’n“;‘l'&f‘ii o .&Po /

‘ Xl’ X2, X3 2 0 » ' :, % ® Jayanagar ® ?f’

b. Using Big-M method solve the CPP. ' -
Maximize Z=2x;+x, j
Subject to Ix;+x,=3 :

4X1 + 3X2 6 » . i
Xy + 2% < 3 . . ]

X1, X'Z’ O

gt 1 0f3

Find all the basic solutions of the followmg system of equatlons 1dent1fymg in each case the

Requirements per unit . B
Raw material 1 n! I | Availability -
A 2 .3 -5 4000 -
B 4 2 7. 6000
Minimum demand 200 200 150 -
- | Profit per unitj(Rs) 30 1 20 - 50 -
- F ormulate the problem as qilmear program model. | (07 Marks)
c. Using graphical method solkve the LPP. | ‘
Maximize Z = 5x; + 4%y S :
Subject to 6x) + 4%, 224
: | X1 +2%: 56
X1+ X2 Sll
X2 =2, }5‘<1, 20 .o n (07 Marks)
L. ! f
a. Define slack variable and surplus variable, * ' (04 Marks) .

(06 Marks)

¥

(10 Marks)

(10 Marks)

TR

(10 Marks)




4 a UseRevised S
- Maximize Z

Subject to

2

b. Explain:i) Weak dualify'propérty
_. i) Complem
C. Write the dual of the following ;

) Maximize "z ='x + 10y, .-
Subject to Cx1<14 ‘ : ,
. o ,<16 ; : | i{f'
3% 426518 ?
- XL X0
ij) Maximize  zL (5 g) (X!)
" X,
S L Ix, : o\
“ Subject to : ( J= 10 : -
{5‘13.3’;; B 5 \X2 20/, . P : _
: > 0 o Ty - (04 Mary
. PART-B :
a. InParametric Linéar‘EProgrammin'g explain about : ﬁ _
i) Systematic changes ?.n the Cj parameters.. P ' : :
i) Systematic changes in the bj parameters; . ‘ : (08 Marlg
b. Using dual simplex method  so]ye the LPP.
Maximize Z = -33{1 -%Xz o
Subject to X1 +x2> 1 : |
' X1 + X >7 . i
X1 +2x3> 10 L ?
X222.3 o ,‘ ;
X1, X220

- a. The transpo'r‘a'tion costs per try
- each project site are as follows ;

i L
Factories 2

Determine the optimal

transportation cost.

b.  Four jobs are to be done oni four diffe}ent 1
on the ;™ machine is given below

izinp]ex Method to solve the Lpp.

i

:,: 3?{1 +5xp- - . . - o

12x<4 : " '

G 2u<n2 | ;
3X1+2X2_<_18. o

X1 X222 0 :

) if) Str;ong duality property -
entary solutions property ‘ '

(12 Mark

ck Io;td of :cement (in hundrel‘__:ds of njpees) from each plant ¢

* Project sites ' E
1 . 2 3 4 S
2 ‘ 3 <11 7 o ;Supply
1 | 0 |6 1 |1
315 8. 11519 J10:
7 s | 3 2 |17
' Demand -

distribution ~ for _the company so as to minimize the tot
f ‘ ' (12 Marks

nachines. The costf(in 'rupees) of producing i jol

2'of3
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: Mack\n\es
M\ N\')_

i WS \\\\ 3 \ \5\

Tobs ,l LV V2 L aly)
(f 33\ 14 L sy 10 | 14 )
o X 1e 1131 11 |17 ]|

Asmgm the jobs to dxfferent machines 50 43 to'minimize ’the total cost. (08 Marks)

‘ a " Solvethe game whose payoff matrix. to e player Ais glven below :

1. 1 1 |
S S N
A II 6 | -2 7 .
111 5 2 6
, PR (10 Marks)
b. Solve the following (2 x 3) game graphically.
' : Y1 Yy Y;
_ 1 I I I
Xy "‘lg R
Adexy B4 8] 54 2~ o
- : (10 Marks)
a. Use Tabu Search algqn't_,ihm to find the optimal solution of (08 Marks)
T pne _ . _
l 2} é ] ‘. I ~ . 3o
AR ~N R
- ' N
/o ' N
Ay == =% »@?—fl~ —{E
N ' _ /.// ,
i N 25, . 4o !
‘ D2
1 ' ; i AN N >< -
| o
Fig. Q8 ()
b. Give note on outlme of a Basic Simulated. Annealing Algorithm. (06 Marks)

c. Give note on outlme of a Basic Genetic Algorithm.

ko
i

* % ok K ok

’,’:m: (06 Marks)

-i
ot

.;I
o
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ASSIGNMENT
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Example for Section 5.2
Consider the following model.
Maximize Z=4%x;+3x;+6x3,
subject to -
3x;+ X2+3%x3 <30
2x1+2x+3x3 <40
and
X120,%x>0,x3>0.

We introduce x4 and Xs as slack variables for the respective constraints. The

augmented form of the model then is

Maximize Z=4x;+3%+6xs,
subject to
3x;+ Xp+3x *t oxy4 =30
2% +2%+3 X% +xs5 =40
and
X120,%>0,%x320,x420,x5> 0.

Using matrix notation, we have

A
o - X o
. 31 3 1 0 30
e=[4 3 6 0 0, A=]] b= x=xm .
2 2 3 01 40_‘
X4
LX5 |

Now let us apply the revised simplex method step by step to solve this problem.

Iteration 0:

Since x4 and x;5 are the initial basic variables,

Ted] .10 wl . [1 01307 _ [30]
XB'Lxs}’ B= {o 1} =B, 0 LcSJ =Bb= [o 1} [40} - [40J'

cs= [0, 0]

Tteration 1:
The coefficients in Eq. {0) are

T rE

2R

I

REST= 2R



cgBilA-¢ = [-4 -3 6] for x;, Xo, X3,
B! = [0 0 for x4, Xs.

Since -6 is the most negative coefficient, we choose x3 as the entering basic variable.
__The coefficients of x5 in Egs. (1) and (2) are

w3 R

The right-hand side of these equations was identified in Iteration 0 as

X,
J, where this gives the value of xp = [ 4J .

1 [30
B'b=
_ X5

40

Applying the minimum ratio test, since (30/3) < (40/3), we choose x4 as the leaving
basic variable. Thus,

X3
Xp = .
X5

w

l
] ! and Eq. (1) yielded the

Since the coefficients of x3 in Egs. (1) and (2) are

)

leaving basic variable,

1/3 1/3 .
n= = , so B becomes

-3/3 -1
1 t1/3 oJ [1 oJ 11/3 oJ
B = = .
-1 1 0 1 -1 1
Therefore,
xt o [1/3 0][30 10
J =B"p = = :
1g -1 11490 110
(V: T [6, O] .

Iteration 2:
The coefficients in Eq. (0) now are

TR TR R T



ceB'A-c =2 -1 0] forx, X Xs,
chB" =[2 0] for x4, Xs.

Since only x; has a négative cogfﬁcient, jt becomes the entering basic variable. The

coefficients of x; in Egs. (1) and (2) are
1“ [1/'3 OJ H {1/3J
B! | = = .
2] L1 1l [2 1
The right-hand side of these equations was identified in Iteration 1 as

-1 10 ; . X3
‘B b= |_ |, where this gives the value of xg ="| ~ |.
10 ’ ‘XS

Applying the minimum ratio test, since

10 10
——>——’
173 1

we choose X5 as the leaving basic variable. Thus,
. |\X3J. .
Xp = .
X2

. |1/3
Since the coefficients of x; in Egs. (1) and (2) are L ] J and Eq. (2) yielded the

leaving basic variable,

—~(1/3)/1 -1/3 p
n= = , so B™ becomes

1/1 1
L, 11 =13 130 2/3 -1/3
B = '_ = .

0 1 -1 1 -1 -1
Therefore,

JoreT A

1

B T

IR et e e

:rr::r\mr{, MRS



R e Wy
cs= [6, 3]

- Optimality Test:
- The coefficients in Eq. (0) now are

o 2/3 -1/3|]3 1 3
.-cBB_A-c =[6 3] [—1 . JL ) 3J-[4 3 6]
=[1 0 0] for X1, X2, Xa,

B! =[1 1] for x4, Xs.

Since all these coefficients are nonnegative, the current solution is optimal. This
solution is

REI 20/3J
XB !JQJ B'b [10 .

as found in Iteration 2. The other variables are nonbasic variables, so x; =0, x4 =0,
and xs = 0. '

Z=4(0)+3(10) + 6(20/3) = 70.

Example for Section 5.3
Consider the following problem.
Maximize Z=x1~x3+2x3,
subject to
x1 +x3 + 3x3 <
2x; ~x+ x3 <
=xi txpt+ x3 <
and '
x120, x =20, x3=>0.
Let x4, x5, and x5  denote the slack variables for the respective constraints. After the
simplex method is applied, a portion of the final simplex tableau is as follows:

B




. Coefficient of:

Basic Z X3 Xz X3 X4 X5 Xs | Righ{
Variable | Eq ' o Side
Vi () 1 ‘ 0 3 1|

2 2
“ o | o | - | 1 RS
X3 2)- -0 ; . 0 1 1
X2 €)) 0 o 0 1 1
) 2 2

(a) Use the fundamental insight presented in Sec. 53to identify the missing
numbers in the final simplex tableau. Show your calculations. Identify the
defining equations of the CPF solution corresponding to the optimal BF solution

in the final simplex tableau. -

From the coefficients for (x4, Xs, X6) in the final simplex tableau, we observe that

I -1 -2
s¥=10 1/2 1/2] and y*=1[0 3/2 1/2].
0

-1/2 1/2

Thus, by the fundamental insight presented in Sec. 5.3, the constraint coefficients for

(X1, X2, X3) in the final tableau are

1 -1 =231 1 37 [ 1

: 00
S*A =10 /2 1/2({2 -1 1|={1/2 0 1].
0 -1/2 1/2]|-1 1 1 -3/2 1 0

The coefficients in the objective function for (X1, X2, X3) in the final tableau are

1 1 3
yA-c=[0 3/2 12]{2 -1 1|-[1 -1 2]=[3/2 0 o]
-1 1 1

(R




1 -1 =21{15} |5
The final right-hand side is S*b= [0 1/2 1/2{| 2 |=|3}, and
0 -1/2 1/21] 4 1

15
S ZF=y*b=[0. 372 17] |2 |=5.
4

Therefore, the complete final simplex tableau is

Coefficient of:

Basic 1 Z X1 X2 X3 X4 Xs Xs Right
Variable Eq Side
zZ (0) 1 |31 0 0 0 32 | 12 5
X4 e 0 1 0 0 1 -1 -2 '5
X3 ) 0 172 0 1 0 12 12 3
X2 1) 0 -3/2 1 0 0 172 12 1

(b) Identify the defining equations for the CPF solution corresponding to the

optimal BF solution in the final simglex tablesz.

Since the optimal BF solution is (X1, %2, X3, X4, X5, X6) = (0, 1, 3, 5, 0, 0), the
corresponding CPF solution is (X;, X2, X3) = (0, 1, 3). The nonbasic variables are x;, Xs,
x¢, and these are the indicating variables that indicate that the following constraints

hold with equality.
X| >0
2X1-X+Xs <2
X1 tXptxs <4

Therefore, the defining equations for this CPF solution are )

X1 = 0,
2X1 - Xt X3 = 2,
X1+ X2+ X3 =4,
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