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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.
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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..
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CHAPTER 2

Modeling with Linear Programming
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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
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Set 2.2a

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

¢ %
Y

@ . ©) -. X

Q) (b_J x 7 N i
; -
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(6,0)

\
& = 30

A 7
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(&) No feasid/e Space
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x,_d mcacg,mmor.z

Maximwze Z = AX, + 3x,

continued. ..
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Set 2.2a

= numben df umils 4 A
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Xy, Xp 20
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X, = $ mvealed «n A
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Maximize Z= 05X 1 08Xz
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S'wu\
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e
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z-¥325
X
¥
gl 5“:0\ ‘
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/mxpmgo Z = IS00K +(000%
=
Z 2,600 SF. v, <30
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Set 2.2a
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continued... continued...
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Set 2.2a
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Set 2.2b
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- Set 2.2b
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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
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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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