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Chapter 1

What is Operations Research?
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Set 1.2a

1 4 cont.
— | | East Crossing West
First 4 weeks: 2 weekend-roundtrips FY'V- 5,10 (1,2)— (t=2) 1.2
DEN-FYV and 2 weekend-roundtrips DEN- 1,510 | (t=1)—(1) )
FYV-DEN. Week 5:1 roundtrip. 1 (5 10)__) (t — 10) 2,5,10
1,2 (t=2)—(2) 5,10
none (1,2)— (t=2) 1,2,5,10
2 Total =2 + 1 + 10 + 2 + 2 =17 minutes
Given a string-of length L:
(1) h= 3L, w = 2L, Area = .06L° §
(2) h=.1L, w = 4L, Area = .04L°
Jim
Solution (2) is better because the area 1s larger Curve  Fast

Curve | .500 200

Joe st |.100 300

3 (a) Alternatives:
| Jim: Throw curve of fast ball.

L=2(w +h) Joe: Prepare for curve or fast ball.

w=L/2-h

(b) Joe tries to improve his batting score and
Jim tries to counter Joe’s action by selecting a
less favorable strategy. This means that
neither player will be satisfied with a single
(pure) strategy.

z=wh=h(L/2 - h)=Lh/2 - h?
$z/6h=1/2-2h=0

Thus, h=L/4 and w = L/4.

The problem is not an optimization
situation in the familiar sense in which the
objective is maximized or minimized. Instead,
the conflicting situation requires a compromise
4 solution in which neither layer is tempted to
— | change strategy. Game theory (Chapter 14)
(a) Let T = Total tie to move all four provides such a solution.
individuals to the other side of the river. the
objective is to determine the transfer schedule
that minimizes T.

(b) Let t = crossing time from one side to the
other. Use codes 1, 2, 5, and 10 to represent
Amy, Jim, John, and Kelly.

Solution is optimal because z is a concave
function
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Set 1.2a

Let L=ops. 1 and 2=20 sec, C=ops. 3 and 4=25 sec, U=op. 5=20 sec
Gant chart: Li+load horse 1, L2=load horse 2, ete.
one joist: 0---L1---20---C1---45----U1+L1---85----U2+L.2----1 25---Ul4+L1---
165---U2+L2---205
20-L2-40 45---C2----70  85---C1---110 125---C2---140
165-C1-190

205---C2---230---U2---250
Total =250

Loaders utilization=[250-(5+25)]/250=88%
Cutter utilization=[250-(20+15+15+15+15)])/250=68%
two joists: 0---2L1---40-----2C1-----90----2(U1+L1)---170----2C1----220---2U1-
--260

40---2L.2---80 90---2C2----140 170---2U2---210
Total =260

Loaders utilization=[260-(10+10)]/260=92%
Cutter utilization=[260-(40+30+40)]/250=58%
three joists: 0---3L1---60---—-- 3Cl-—-- 135------ 3C2-eee- 210----3U2----270

60---31.2---120 135--—--3U1-----195
Total =270
Loaders utilization=[270-(15+15)]/270=89%
Cutter utilization=[270-(60+60)]/270=56%

Recommendation: One joist at a time gives the smallest time. The problem has other

alternatives that combine 1, 2, and 3 joists. Cutter utilization indicates that cutter represents the
bottleneck.

7
10
8 9
567
12 34

(a) Alternative 1: Move dots 5, 6, and 7 below bottom row, move dots 8 and 9 below new 5, 6, and
7. Move 10 to the bottom. Number of moves = 6. Alternative 2: See part (b)

(b) Three moves: Move dot 1 up to the left of dot 8, dot 4 to the right of dot 9, and dot 10 below dots
2 and 3.

© 2011 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This publication is protected by Copyright and written permission shoqld be
obtained from the publisher prior to any prohibited reproduction, storage in a retrieval system, or transmission in any form or by any means, electronic,

mechanical, photocopying, recording, or likewise. For information regarding permission(s), write to: Rights and Permissions Department,
Pearson Education, Inc., Upper Saddle River, NJ 07458.




Set 1.2a

(a) Alternative 1: Break one end link of each chain and connect to another chain. Four breaks and re-
solders, cost =4 x (2 + 3) =20 cents. Alternative 2: See Part (b)

(b) Break three links in one chain and use them to connect the remaining three chains: Three breaks and
re-solder, cost=3 x (2 + 3) = 15 cents.

9

Represent the selected 2-digit number as 10x+y. The corresponding square number is 10x+y-{x+y)=9x .
This means that the selected square will always be 9, 18, 27, ..., or 81. By assigning zero dollars to these
squares, the reward is always zero regardless of the rewards assigned to the remaining squares or the
number of times the game is repeated..

14
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CHAPTER 2

Modeling with Linear Programming

2-1

© 2011 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This publication is protected by Copyright and written permission should be
obtained from the publisher prior to any prohibited reproduction, storage in a retrieval system, or transmission in any form or by any means, electronic,

mechanical, photocopying, recording, or likewise. For information regarding permission(s), write to: Rights and Permissions Department,
Pearson Education, Inc., Upper Saddle River, NJ 07458.




Set 2.1a
@) X,-x, 21 o» —X‘+¥‘g; ' @““ﬂﬁgdu‘ . T 4
(b) X, +3x, 23 and x,+2x, %6

] - r%w‘l'7 W ..epfli/cj%*ém:
(C:) xz-?'x, O X'.-*A’?_;a a/ %

(d) x, +x, 23

SK+%XKy, osXTR
€ Y:XL €S or SX-.SX 20 P
(@) X0, ) = (4, %) 2 gosx +ax,, 72
(X,, %) 2°© 7 '
G =22 <%
aw a %W,/M.«?AM‘I 0
b) (x, xu): (2,2) com 4o aceta Dol 5
(X, 20)% ¢ M-«ngf wnixed WE?M- ;&MM
6xz+4xr = 20 ‘fch
[x2 +2X2Z =6 & Fusféle ((W 7).
-l X2 +1 X2 = 0° <
] x2 =2 = 2

Z=Sx2+4x2 « ¥/8
c) (X, X,y = (3, 15)

X,, X, zo
Ex3+4xh& =24 =2 ]
1x3+2x)5 = 6 =6 ! fenekle
“\X3 +1XE8 =18 &)

Ixtg = ].5 <2

= Ix3+4x4-$ = ¥2I
() Q‘l)-’f;)=’ (2,1

Xy, X, =©

¢x2+4x1 =16 <Y Feasible
[x2+2x1 =4 <6
~jxz +lxt = -} <

i =\ <2

Z=Sx214x = ¥4

© (xnxx) = (27 ") .

X, 20, X, <o ,

Comclanrr. (<) giveo fe Yook fensshl ol
(X,%)=(22) .

2l 5 and 5y be e wmeeid 3
donrimily Mo M3

ForMi: S,z 24 -(6X+4x)= 4’7‘»::/4/47
FeM21 Sy = €~ +2x;)

{-(r+axz) = O Tons Jdoy
2-2
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Set 2.2a

Xe refcrgrnét point . N % -
: (i,2) h
= $/3

¢ %
Y

@ . ©) -. X

Q) (b_J x 7 N i
; -

Xv : ‘ @ 6x +9x, 224 X Gotimurn +

(6,0)

\
& = 30

A 7
I N
(&) No feasid/e Space

/Drwl«o:‘ 1
x,_d mcacg,mmor.z

Maximwze Z = AX, + 3x,

continued. ..
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Set 2.2a

= numben df umils 4 A

Maﬂ(;))ué‘z Z= -‘ZOX, +50X2_

7,_-:(1)(_,;_;'8 M- 2K F-8X, S0
X < /oo
ax, + 4X, T A%
Xy, Xp 20

AC 50

. Optimal gccars af B
X = X0 aniis
Xp= Ro HUnils

X, = $ mvealed «n A
X, = ¢ swedd wn 5

Maximize Z= 05X 1 08Xz

S
d X, 2-25(%4%,)
x?_ s -S(X"‘f'x;)
X, 2 SXy
X, 4+ X, = Sooeo
X, X, 29
S'wu\
%mﬂnﬂ.‘
e
L% X, = 2500
X, = #asoo
z-¥325
X
¥
gl 5“:0\ ‘

X, = runden @Pﬂao&fd crvnTes

/mxpmgo Z = IS00K +(000%
=
Z 2,600 SF. v, <30
X, = = nuumber rf.r/':ccfs ld 6 X, Ao
xa-m\do\-d‘f bans fcasy : % 10
Maximize 2 = 40X 1355 _ X, X, Z©
.. b 4 x "
>* ?-aio* -GTI; s (4)3} -
ot X, & 859, 0 £X, <580
LS9
Goo % €580
7] X, & 550
COohmirn ¢
A (by Change x,+X, €30 # X7 X, €3/
% ; z = #4/S500
? Yo} d/D/TMum A

O hrmum fobudrgn:

X, = S50 cheets
X, = 87413 bars

2=2£28 5% %0

Az=$-4l’5{’a_- 4_010‘)0 = " 500
Concluaan : Ay adebf gl couvse

o4
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Set 2.2a
X = Wﬁe M:tdm ~ 9 ~ i

150
X, = W?/&W s 120 \ peno o K200
?7?:7:;»«'3,25_-: SX, 410 X,

Wa&; '

aX 4K 5 60
SX, A SX, S /50
.CX, -+ "J"XL = IL;S- 0 1:10 3¢}K‘
X 2 3o
f : Amum: X= 00, X, =So | z=%267%0
X, < 152 ) S
X =z 4o Ares allocakon: 677 9rane, 33J) whenkte.
X2 =200 J?,=f’¢?7€om1hvuday ' 'l
X X,z 0 X, = work Revuns f-an.daa{_
Maxeruze Z = 2 X, Xy
S.E. X, 1+ x, (0
X - X, €0
ety r b
T Kok 20
Opl-,mum.fom°:
X, =4 Rewes
Xz: ‘ -ter“ﬁ's

X, = Da\I# ,,4,,_4 ?f‘*‘?‘ Zat
Maximize Z= &% 5%
S F. XX 4 X £ F00

X, = /80
X, = Qoo
\ 4
30 ln W76 0 120 gn 180 210 Waw\gm 4“\ X,.. xz_. Zo
et 2 R, 6499
X, = Nbr. of grano Loxeo 10 optimum:
' 2 bo X = /oo Gpal
Xzz nbr. cf Uhm Xea = ,
2o - ¥ € 200 -
Maximize Z= X, t 135X, ;6 | X, =2® 1
K<
Sd. 2K T %X, <60 ' Z= ¥/800
X, & 290
= f20 t
e 0 2 \ X,
X ,% €90 1)
continued... continued...
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Set 2.2a

X! = hadio enandls 1'3 (a) Opb'mum vecurs ot /-
Xy = 7V runelts . X, = 5./2F ﬁﬁ&/«)&rw
Maximize 2z = X, -f-iSX;, X; = /0.256¢ f?ma'/no\, ¢

Z = /S3 946 lb af Stearn

X2z or -x+2X (B) 2./%,+.9%, <(20+) =2
Gptimum z = 16538 I of Sheam
AZ=161538-1538%¢ = 7092 Ib
X, = Nbr. of vodis commerciads ‘s

| b‘ff""“/ 1 ﬁ"-“'

g s bt
_ Maximize Z = ,2000&1'300#’(;"’ Sogefy 2ov0

St 300(X,+1) +.Zoooé’a+0 < 20,000

S+ /sxl +.300X, < /0,000

X, £ 900, X, ,%Z°

200

100

~— 5% +300Xy =l0000 300 (X+1) & -§x 20,000
Ao00 (X, +1) € .8Fx20 000
1""‘-\_‘_—-‘- \ X‘ x[) xz ?O
. Soo 1000 o
s acieens ‘ . 000
O;ox éi) él MM ﬂ{é-' Maximize Z = 2000){;*3”0‘7}(2* 7@
X; = 30-3 wrunules _. P Z00x,+2000K, = 17700 6
z = 5/8./18 | 3o0x, & /S700 2
x,:mscl'f G cammdfu Rever '4 '20?(0)(?_ &;:4000 @
Xazfamgf CzWMFhﬁM v Xy
mx;'mfzc Z = /-?ODI?XI +9aaaX;_ s
S. 1. .
/800 X, + 200X, < 2000 (X+X,)
S _ 200X +/00x, S0 Q )
20X, + .9 X, 20 %-35’7_/
X . X, z9© o ///// 77 XA
[ 2 - 5 y I S:c\
“ | s <23
20 N Opt rmum blatron. :
»
;\? Rodiy Commereads = $2.33+( = 53.33
A TV ﬂ-ﬂ/f = s+ =2
iop A
""g 2 = 10766467 #7000 = /446667

" conunued...
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Set 2.2b

Qdliioral conatraint : X, & 4 So

\ e
(a)
Xy
(b)
as !
Ozoznum )ﬁ:o) XL..-_-O') Z=e,
Y whckh /s zonsersical
(<) S
2 PN X, = "‘""Wk"ﬂﬁfcw.r/we!k on Store 4 4
Sy y X, * m«—néa..j ftmcr/wwé n slured
e ! .

2 Minimize Z = B2X + 6EXy
Yo s.kt.
X, + X, =&0
5 = X < /2
jooo | ¢ < x, < /0
LIR
A Owtrmarm 20
ph .
e &
Soo |
1z L
L3 v
\ 4
. w 5, 4 4
500 T oy
Ai g 2 6 2% X
%MMV\ Wlm : .
X, = 45'0 /L W -
X, = 350 /b X, = 10 Kewrs
: Xz < /0 ﬁ’WS
Z = $45O i
2 = 140 Stes index
continued... conhtinued. ..
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- Set 2.2b
5&: O | |6
(" bbb e Lre X% 16 amvealid i bl chp ek
- 16 b1/ doy. o Dot Xa= 16 niveatid 4 Bh-bed ik
MW% =X+X, [0 u//daf
M.‘m'm.&'u. Z = X X,

Minioijze Z = X,+ X,

Cutpitb Ivaad

dX tasx, 270
= 4 (X +X 2
o % *%) X, —. 4N 2o
.—téxl-f-.l,‘xl 'so x
RX, X, =Y 1o KXo 20

ASK, + - 6Xy, 230
X, # /57X, 270

'vl) X =

0/943’“% Jm‘ﬁ’s To 53 7 LINEAR PROGRAMMING — GRAPHICAL SOLUTION

Tite: diet problem

V7€ cplomn sdlodirrs :

Summary of Optimal Solution:
Objective Vahie = 5263
LINEAR PROGRAMMING — GRAPHICAL SOLUTION ’2 Il ﬂ'ﬁ

Titke: died problem

Summary of Optimal Solution:
Objective Vane = 85.00
x1 = 5500
a2 = 30.00

e
< S
O /S

n

\Qum ,,,,,

T

20

19,

A6 76 i0 36 30 40 56 70 B0 90 TGEL 110

OBt T S (6
................. R -10

£ "Hqﬂlwtﬂl 150184 170 80

A -;n 10720 30 40 ﬁn\w\(n
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Set 2.2b

X, = Rako of scoap A 4 alley
Xy =Rt ff SerapiB 4 alley.
x1
Minimize 100.00
Subject to
{(n 0.08
(2) 0.06
(3) 0.03
{4) 0.03
(5 0.04
{6) 0.04
(7 1.00

x2
80.00

0.03
0.03
0.06
0.06
0.03
0.03
1.00

= 0.03
== 0.06
>= 0.03
<= 0.05
>= 0.03
<= 0.07

= 1.00

Summary of Optimal Soltution:
Objective Value = 86.67
x1= 033
x2 = 0.67
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Set 2.4a : '
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—
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(0) ctt . fe L unaod fundo at Ha. PRARY
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X= X>.~X3="’<r K=l X=7/ X ex, | y
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/27 72 (Houszro) SKF Ky =g P S Xy 1065 - -J, = o)oao

_ZanMn -w.m&/wrd&fa..a‘é-%wo 3xﬁ 2K+ PXy cx:;-flaas-g g =0

L SL. S S_' Do@t—ham y [+]

(-FXyt 1-S X4 1-THp +1EX 065, - y!s,

/2K, /3K EXZ IS Ky 1.0 =9
7.62 +2.66 Méamu/fm"#’”i e venebbes Zo Gh”

/
Z
3 462 =3-00 Borraw $3 from feard .
4 _© -46z Borrawdditfemprl 7oreA Cf’wm K

$
X,=0, X, = 10,000, Xy=*6d00, Xy =0
The il ? excras =, %z P N2 2
W% %’M 0;3: g,.: O} %:o, % :#égﬂal 5(4:3‘33)6 ‘/Z«
/m{- c&g/‘;:;
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sﬁ 116060 to /127,720.

496 -

cantinued...
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Set 2.4a
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Set 2.4a
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Firsl iteration Ne:; 14
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______________________________________________________________ Title: Problem 2.4a-13

a1 0.0000 begon T Fingl iteration Me: &4

X2 12 0.0000 a.gggg g:gggg Dlertiia e (om) « 310.0000

e o 0.0000 2 o000 ==+ ALTEANATIVE solution detected at xd

T 0.0000 0.0000 0.0000 ;

5 15 0.0000 00000 0.0000

X 16 .63 0.0000 00000

X7 i7 96137 9.0900 0.0000

x5 18 15,4678 0.0000 0.0000

19 24,6453 0.0000 0.5000
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Set 2.4b |
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Set 2.4b
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Set 2.4c

6

Let x;= Nbr. starting on day i and lasting for 7 days
;= Nbr. starting shift on day i and starting their 2 days off on day j, #/
Thus, of the x; workers who start on Monday, y,-» will take T and W off, y;, will take W and Th off, and so on. as

the following table shows.
X X X3 X4 X3 Xs X
1 Yty | Yistvie | Yutvis | Visthie | Ve
2 y27 y23 y23+y24 y25+y26 | y26+y27

3| y31+y37 | v31 y34 y33+y36 | y36+y37

1| y4lHy47 | 341 Hy4R2 yd43+y46 | y46+y47

v36 y36+y57

W

y51+y57 | y31+y52 | y52+y33 | ¥53

6 | y61+y67 | y61+y62 | y62+y63 | y63+y64

7 |y71 y714y72 | y724y73 | y73+y74

Minimize z = x;HxHet X bestxstxs

Each employee has 2 days off: x;= sum{j in 1..7j#1}y,

Mon (1) constraint: s -(y27 +y31+y37 + yd1 +y47+ y31+ y57 + y614+367 +y71)>= 12
Tue (2) constraint: s -(y12 + y31 + y41+y42 +3y31+y52 + 3614362 +y71+y72>= 18
Wed (3) constraint: s -(y12+y13 +y23 + y42 +y32+y33 +y62+y63 +3y72+y73>=20
Th (4) constraing: s -(y13+y14 +y23 +y24+ y24 +¥33 + y63+y064 + y73+y74>= 28
Fri (5) constraint: s -(y14+y15 + y24 +y25+ y34 4335 + y45+y64 +y74+y75>= 32
Sat(6) comstraint: 5 -(y15+y16+ y235 +v26+ y335 +y36 + y45+y46+ y36+y75>= 40
Sun(7) constraint: s { Y16+ y26 +y27+ y36 +y37 +y46+y47+ y36+y37+y67)>= 40

continued
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Set 2.4¢

Solution: 42 employees

Starting Nbr off

On ~ Nbr | M Tu Wed Th Fri Sat Sun

M 16

Tu 8

Wed |8

Th 0

Fri 6

Sat 2 2 B

Sun 2

Nbr off 10 24 22 14 10 2 2
Nbr at work 32 18 20 28 32 40 40

Surplus above
minimum 20 0 0 0 0 0 0
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Set 2.4d
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