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What is Operations Research?
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Chapter 1

1

Weeks 1-4: 2 weekend trips FYV-DEN-FYV
and 2 weekend trips DEN-FYV-DEN. Week
5: 1 regular trip.

Cost: 4x320+1x400= $2200

2

(a) Given a fence of length L:
() h= 3L, w= 2L, Arca = .06L*
(2)h=_.1L, w= 4L, Arca = .04L>
Solution (2) is better because the area is larger

(b)L=2(w+h), w=L/2-h
z=wh=h(L/2-h)=Lh2 -}
3z/6h=L/2-2h=0

Thus, h=L/4 and w=L1/4,

Solution is optimal because z is a concave function

3

x = cumulative number of drops of balls #1 and #2
at any floor (problem unknown)

yi = floor from which ith drop of ball #1 occurs.
Step 0: Sety,=0,y;=x,and i=1.

General step i: Drop ball#1 from floor yi. Ifitis
dented, use ball#2 to check floors y,., + 1 to y; -1,
in that order. Else, if #1 is not dented, seti=i+ I,
and repeat step i.

Formula for determining y;:

y; must include the (cumulative) i #1-drops from
floor v, to floor y;. To maintain the same number of
drops at any floor y;, #2-drops cannot exceed x - i.
Thus,

Yi=Yitx—1+1)
=x+x-1}+ x-2)+ ... +{x-i+1)
=ix—-(1+2+  +i-l)=ix-(i-1)i2
Maximum number of #1-drops is x (else y; < yi.
for i > x). Hence the highest floor from which #1
can be dropped is
V=X = (x-1)x/2 =x2 =x*2 +x/2 = (:C + x)2
For a 100-storey building, y, > 100, or x* + x — 200
2 0. The associated quadratic equation yields x =

13.64 and - 14.64. The rounded positive value x =
14 is the smallest integer that satisfies the
inequality.

4

(a) Let T = total time to move all four
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.

East Crossing West
5,10 (1,2)— (t=2) 1,2
1,5,10 | (t=1)(1) 2

1 (5,10)— (t=10) 2,510
1,2 (t=2)—(2) 5,10
none (1,2)—= (t=2) 1,2,5,10
Total =2 + 1+ 10+ 2 + 2 = 17 minutes

S

Jim
Curve Fast
Joe Curve | .500 2200
Fast 100 300
{a) Alternatives:

Jim: Throw curve of fast ball.

Joe: Prepare for curve or fast ball.

{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.

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 solution in which
neither player is tempted to change strategy. Game
theory (Chapter 14) provides such a solution.
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6

\LL L Let L=ops. 1 and 2=20 sec, C=ops. 3 and 4=25 sec, U=op. 5=20 sec
Gant chart: L1=load horse 1, L2=load horse 2, et¢.
one joist. 0--L1--20-—-C1---45----U1+L1---85-—U2+L2---125---U1+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---2L2—80 90---2C2-—140 170---202---210
Total =260
Loaders utilization={260-(10+10)]/260=92%
Cutter utilization=[260-(40+30+40)]/250=58%

three joists: 0--3L1---60 3C1 135 3C2 210—-3U2-—-270
60---3L2-—120 135-—---3U1--—-195
Total =270

Loaders utilization=[270-(15+15))/270=89%

Cutter utilization=[270-(60+60)}/270=56%
Recommendation: One joist at 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

Note that all ‘dots’ are indistinguishable even if they are designated as 1, 2, 3, ..., 10.

(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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(a) Altemnative 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.

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.

10

Assign a sequential number x to each cartons, xeX = {1, 2, 3,4, 5,6,7, 8,9, 10}.

(a) Let Y be the set of cartons so far weighed (initially Y = &),

General Step: Randomly select a carton yeX=Y. If y weighs 90 oz, stop. Else, augment y to Y and repeat
the General Step. 1 < number of times scale is used < 10.

(b) Exactly once! Take x bottles from carton xeX to end up with (1+2+...+10) = (10+11)/2=55 bottles.
Weigh the 55 bottles. If the weight = 550 - x, carton x is the defective one.
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CHAPTER 2

Modeling with Linear Programming
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60

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, #f

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.

X1 Xa X3 X4 X5 X5 X3

.."‘-: Mz Yzt I yatne | ebis [ isths | s

3.7 -.mz ‘ : o
y31

3 [ y314437

y23+y24 | y24+y25 | y25+y26 | y26+y27

y354y36 | y36+y37

4 yil+yd7 | ydl+yd2 | y42 ¥45+y46 | y46+Hy47

5| ys6 y56+y37

[¥}

y51+y57 | y314y52 | y524y53

6 | y614y67 | y61+y62 | y62+y63 | y63+y64 | y64 Iégf%?vm y67

7 |y71 Y7L+y72 | y724y73 | y73+y74 | yT44y75 | 375 ﬁﬁ, s

Minimize z = x;+esHx+ xatestrgtx;

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

Mon (1) constraint; s -{(y27 + y314 y37 -+ y41+y47+ y51+ y37 + y61+y67 + y71)>= 12
Tue (2) constraint: 5 -(y12 + y31 + yd1+y42 +3y51+y32 +y61+y62 +3yT1+y72>=18
Wed (3) constraint: s -(y12+y13 +y23 + y42 +y32+y53 + y62+y63 +y72+y73>=20
Th (4) constraint: 5 -(yL3-+y14 -+ y23 +y24+ y24 +¥33 + y63+y64 + y73+y74>= 28
Fri (5) constraint: s -(y 14+y15 + y24 +y25+ y34 +y35 + y45+ y64 + yT4+y75>= 32
Sat(6) constraint: s -(y 15+y16+ y25 +y26+ y35 +y36 + y435+y46+ y56-+y75>= 40
Sun(7) constraint: s -{ Y16+ ¥26 +y27+ y36 + y37 +y40+yd7+ y36+y37+y6T)>= 40

continued
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Solution: 42 employees

Starting Nbr off

On Nbr | M Tu Wed Th Fri Sat Sun
M 16 16 16
Tu 8 ] 8 . 8
Wed 818 8 o
Th 0
Fri 6 6 S 6
Sat 212 - | 2 1
Sun 2 =2 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 o
| 2-20
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Xg= o f Praper /doy
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Ko = Ca—w,pf.d,m'é c/j‘g hrolds e

Xp= 16 § 2l oo poackage

%= Cane § dbuike A /1 i B9 e P ey
"#} Each can /Vl:mla'.:. Zs (1K 1 15h +§g;;, +§?—.ng

s Y=,|§+xb+,\;,,.xw
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J
A 8 C
#5000 7Sea0 o
o
o
o

45,000 7< gov
o 750,000
930 oo Fagg, o0 ¢

3 (g . \EX

Y = %at %8t e
Yr = XM"XrC

- Xg*%cC

A Xat 2B +%¢
W= Ya* A+ %
Wo= Xg+g+Xga

Maximize Z =-g_- (2bgy+2shp+3 W)
- 3—;; (100 YO -r/.za):_,_”aZ-f lﬂ):)

)S'd= ,6 49’Wé¢ﬂ’0‘( ma{mMﬁ/dﬁ# 4\';- >.JdY
Xsg= 16 ?wawf}MAMB/W X »-25Y, _x_bf.'x ,>_<__b < X
S e e A i ek
Xop= b - i pocs sasdd +i ke B/ Ay X, & 1Y
= Ib ecetd vt ke C/d w =
f:;c’ 9"“‘?‘" . g °7 >
= 1b G apyrles sid bl LMY e )
8 wward 4+ o Clday Qe varsiatlon ante mamrigadh
%.c= Ib p}w Oﬁmwﬁﬁ;im- :
Maximize z_-_/./S'Aé+A2$'§+f-ZAC’.—200A3 - B s X 2C srm X 2
5 —~/00Xy — 70Xy Val, Xs=8, K= 126, 00= IS X =
){55290, )95/00, xqél_s—ﬂ Coalt = j/-"lz :
KsgtXsg = 1500 K5 Xﬂ (ﬂﬁz) / & oals an coreals A BC €9
X. = Xi e S
A A I X.(A.€) = Ibd) natstiu i contal 4, C
o€ * %c = a o :
Xg = KeptXgy ’f:,cs,c) = ll:g-ca-canwc. an trneels 5,C
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Y= Xc+ e+ Xt
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Z= $432 aaa/a’?_ Wg s €00 XS = 3o00
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Y. € 2axeo00 = < 000 )591: a1 Xm.:-S)gl’ Thale’Y
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Y, £ ! X2000= 2000 Yp & 1000, Yp51209, J < Tos, )gs ISoo
X o SO So

04 = ?Xm’xaﬂ’?)ﬁa ’:r?z”’{kqoo

Xq" %9’23  {g= € Gptrmum Rlalion : Z= ¥ 495,416.67

 a :

X, o€y - - 60 x =62 Yg = 758.33 bbl/day

o " 3 fC'Xac 4’?—_c" oC 2 A:( yo= 75833 Lbl/dﬂ#
A veriakles ons adire. Yy = S/&¢€7 LLI/day_

Oplirumeielilion: 2 = $5334.84/dy| © L. il pug
l/\g = 2S00 b o Sao Jaxes/p(ay_ )/.D h
Fl = 00 Hl/o(md_

Wy= 3o0c0le o 600 baxes
W, = ST193.451b or > usE boxey | Fy = 373333 b4l [dday.

Xy = 10,000 16 or © Frma [de. A= bb] § ke 4 fobay L‘?I
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X =41 Pyudei di il Y [TO|T * 4 § et groret- ey
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. . m‘ *
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— agelnt D 4m .
“pi bl-!?-g ? b ps2500, B =3aev
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},/q'xﬁl'*);!z - =700
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ety | e s
Maximize Z= K00F 1 +2s0F2 /=2 = Soo éu/da#
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NR = Lé%{g ¢ nap/:fa waed w I’EJJ&&M

2

NP= bhify uf of rop 4
T = bblftey 9 mfl:fa weed #_jeh
LR= LLI/day .%Mf iald on ,f,aqua,

el ?—%MM Jej‘

LT = ‘5//
”'yvaaffh neFation n [evblem S,

Mavinize Z < Sofe—R )t 70 (p. )me(f.f)
~(10 R+ 1S P+ 20T)-(2 R4 3F%4T)

-~ (30AR +408)
S
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R+F£-R = svo
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'35 +-¥SB= MR+ NP NT
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R=NR+LR
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s.t.
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Xz
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%+ (—7
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Cf&‘hu—moh&d;w z = $7/473.68 B+ Ve, B279°
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& = ./ +.95H+ S
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Io2 QL+ JT+ASZ Xep+ X;g < Rodo
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Sy

Minimize 2= S+ ST ST

S.#.

(-39 000+69900+36,000)%; + 5 - 5 =-S1X o007

(o, 000430000 = ¢S, 000)X; 4 5, —S S|X &% 000

(9G040 + 16 000) X3 + 5, - 5:3 .51 x 4og0d0
(90,000 ~25,000) Xy +S; - 3?‘ .51 % Y09, ¢ 00

ts590(X, +x, +x3+x¢,.) < (0g,000
&)x;)x.‘)xv =0
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? fm#Jpra-a&ur_u/ dope 79

"" dbf: et [, 0242 j=42,3
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St
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Kt 4 X 4 X3 g J00
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S .t x.g_— £56. 5-2 23
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a, b, Wcﬂd
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U
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Xt xz_,.-rx,s_-r Xy Z 3520
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AlwAz: X = 760 (1000 G W)
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P/"’Aq: X_-,-g = O
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Coot -$f0 033,000
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Maximize Z = T % f/m -
S X, = fcren ¢
‘ 7 < &+t by ¢ - ) {5)
7 = G+ €pr* tes Minimize Z = .2(500) X+-28 (3000) X,
+ /5 (6099)ix3 +./8 (1000I Xy
X,, +X,z_+a;3+x "‘xzs £ Z2oo St 3
3;{,_"3,{ u+%3 €200 S00(1-X,) < 00085 X 25000
P 5—_,_33_5 X _94(5-”)(1-1‘)+3uo(l-xﬂ;¢,.a¢o?x 220,000
Y 3o, Y (e (1-%,) + I4(300) (1-5,) + 6000 (1-73)
€y =TS +7.9 Xt _ £.0048x 200,000
£ - ) 3, . 9a (Sac)(l- AT (Zao)cl-.r,)-y W(Gooﬂ(".?)
,3 il '5:""’0-2 )E‘;E-!;E -J-Ioadcl"xq] - aaoxxajo oo ¢
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.{4}2 = fafm.a:%@- a/oél. t: (/67.73) 86 . 7 Tt st vty e

Ticie: Problem 28a-16

,?-E = . & &4 Final {teration No: 16
{ = Keaddim am ‘L/f"‘ “'ﬂw Cifective valus {afn] =221900.0000
= ALTERNATIVE solution detected at 213

/?g = (&Marf 4 A&f—.ﬂ at w ‘N‘{ verleble | value oof Coeft o) val Contrth

Il ——z e 2 W meew o
5 l' 0.0000 2400,0000 0.0000
i EEE 2
z - » - Ul
. mar By Soax  tmom
Maxrmire Z = O + 03 e Tioom k0000 .00
l}: 3 lg.%l: 50,0000 £3500,0000
SF. 18 . 720.0001 +o.009 ngzﬁ
,Q' + Ky = &)+ w Conatraint RHS Slock(~)/3urplus(+)
w 1 (:) 5.0000 n.mo:
2(L)re(F)re(2)+2(5) dE gE =
= 30 K, e 300-0000 s
- T (=} 1200,0000 0.0000
R, =25, R =28 |
Wi szo, L e2e ity
= T @ y» s
L frcentTre ok aincfe
ptilo iy . { /4 S
w; = 20.87 A z 1 4
W = R4l Kpr 3 ' 18
s : 3 2 7-5
’Y.',' .= Mér. A ? ¢ 87
J c“f‘ 5}“"‘ . )
a!.laft A N Praclional Flodon crmnat 12 toRndd.
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Minimize. Z = Je0e (3X,,) + 1100 (2 X,2)
+ Lloof2 x,_,,;-;--l.ﬁ'ao{x,q)

+ 8oo(4xy) +900(2x,,)
+ lado(.?ku) +/on(?. K,_.,)
1 €00(5 X,y + 800 (5 x5,

+ P00 (4 X33) + 700 (2 x34)
#4085, +505; + 9553 4 70 Sy

Subject to 4 P
22X S5, 2 X,;%8, S X35 = 1o
o ms o= J=t -

50(3%,) +30 (4xa,) +20(Sx3,)+3, = /000

S0(2%,)+30(34%,) +20(SX5 )+ 5, = Aoog

50 (2x3) +30(3X33) +22(4X33) + 53 = 900

So( X1q) + Fo(2xpy)+20(2X34) +S5y =/200
el Y‘J'M 5", 20
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