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APPENDIX C

Partial Answers to Selected
Problems’

CHAPTER 1

Set i.1a

4. 17 minutes
5. (&) Jim's alternatives: Throw curve or fast ball.
Joe’s alternatives: Prepare for curve or fast ball.
(b) Joe wants to increase his batting average.
Jim wants to reduce Joe’s batting average.

CHAPTER 2

Set2.1a

L@ —xt+txn=l
() x;~x =0
(e) Sx; — S5x,=0
3. Unused M1 = 4 tons/day

Set 2.2a

1. (a and ¢) See Figuré C1.
2. (a2 and d) Sce Figure C.2.

'Solved problems in this appendix are designated by * in the text.

753



754 Appendix C Partial Answers to Selected Problems

x Z\(:) Xy M
6
@) 3
4 |- {d) s (a)
2
B r
] | | I |
2 /0 2 4x Ry 1 2 g
FIGURE C.1 FIGURE C.2

5. Let
x; = Number of units of A
Xx; = Number of units of B
Maximize z = 20x; + 50x; subject to
_.21',1 + .812 = 0, le + 4)(2 = 240
X = 100, Xy, Xg = 0
Optimum: (x, x;) = (80,20), z = $2,600
7. Let
x; = Dollars invested in A
x; = Dollars invested in B
Maximize z = .05x; + .08x; subject to
Tox1 — 25x%, =2 0,50 — Sx, =0,
x; — Sxp = 0,x; + x; = 5000, xp,x, = 0
Optimum: {x;, x2) = (2500, 2500), z = $325
11 Let
x; = Play hours per day
X3 = Work hours per day
Maximize z = 2x; t xysubjectto
x1+x2510,x1—x250
x1=4,x,5%=0

Optimum: (x,, x;) = (4,6),z = 14
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Chapter2 755

14. Let
x1 = Tons of C1 per hour
x; = Tons of C2 per hour
Maximize z = 12000x,; + 9000x; subject to
—200x; + 100x, = 0,2.1x) + 9x; = 20, x5, % = 0
Optimum: (x,, x,) ='(5.13,10.26), z = 153,846 1b

(a) Optimum ratio C1:C2 = .5.
(b) Optimum ratio is the same, but steam generation will increase by 7692 1b/hr.

18. Let

x; = Number of HiFil units

x, = Number of HiFi2 units
Minimize z = 1267.2 — (15x; + 15x;) subject to
6x; + 4x; = 432,5x; + 5x, = 412.8
4x, + 6x; = 4224, x,x, =0 -
Optimum: {x;, x;) = (50.88, 31, 68}, z = 28.8 idle min.
Set 2.2b
1. (a) See Figure C3

FIGURE C.3
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S. Let
xy = Thousand bbl/day from Iran
x; = Thousand bbl/day from Dubai
Minimize z = x; + x; subject to
—6x; + 4x; =0,2x; + 1x, = 14
25x) + .6xy = 30, 1x; + 15x, = 10

-15):1 + .1).72 = 8, Xy, X3 =

Optimum: x; = 55, x, = 30,z = 85
7. Let

x; = Ratio of scrap A alloy

x, = Ratio of scrap B alloy

Minimize z = 100x; + 80x; subject to
03 = 06x, + .03x, = .06,.03 = 03x + .06x, = .05
03 = 04x; + By =07, 5+ =1L x, %20
Optimum: x; = 33, x, = .67, z = $&86,667

Set2.3a
3. Let

x;; = Portion of project i completed in year f

Maxinize z = .05(4x11 + 3x12 + 2x13) + ,07(3122 + 2I23 + Izq,)

+ .15(4X31 + 3x32 =+ 2X33 + I34) + .OZ(ZX43 + I44)

subject to
X+t xpt x3=1%5 + x=1
25 = xpt oxpy b Xyt oxps =1
25 = X5 X3 b Xgy b Xgg Fazs =1
Sxy + 15x3; = 3,5x1, + 8xpp + 15x5;, = 6
Sxj3+ 8xpy + 15253 + 12x43, = 7
Bxos + 15x34 + 1.2x4 = 7,8x95 + Sx35 = 7
allx; = 0

Optlﬂlum X = .6, X2 & .4, Koy = 255, Xag = 025

X3y = 267, X33 = 387, x44 = 346, Xga=1,2= $523,750
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Set 2.3b

2. The model can be generalized to account for any input currency p and any output
currency ¢. Define x;; as in Example 2.3-2 and r;; as the exchange rate from cur-
rency ¢ to currency j. The associated model is

Maximize z = y subject to

capacity. x; = ¢, foralli = j

Input currency p: I + D rjpx;, = > X,
J#p j¥p

Output currency q: y + zxq,,- = zrmqu
i#q i*q

Currency i # poOrg: X rXy = 2%
e j7i

all I,'); =0

Rate of return: 1.8064% for $ — §, 1.7966% for $§ — €, 1.8287% for $ — £,
2.8515% for $ — ¥, and 1.0471% for § — KD. Wide discrepancies in ¥ and KD
currencies may be attributed to the fact that the given exchange rates may not be
totally consistent with the other rates. Nevertheless, the problem demonstirates
the advantage of targeting accumulation in different currencies.

[Note: Interactive AMPL (file ampl2.3b-2.txt) or Solver (file solver2.3b-2.xls} is
ideal for solving this problem. See Section 2.4.]

Set 2.3¢
2. Let
x; = Dollars invested in projecti,i = 1,2,3,4
y; = Dollars invested in bank in year j,j = 1,2,3, 4
Maximize z = y; subject to
X+ x + x, + y = 10,000
Sxp + 6xy — x3 + 4xg + 1065y — =0
3xp + 2xy + 8x3 4+ 6x4 + 1065y . — 3 =0
1.8%; + 1.5xp + 1943 + 1.8x5 + 1.065y; — y4, =0

1.2x; + 13x3 + Bx3 + 95x4 + 1.065y; — ys =0

X1y X2 X3 Xdy Y15 Y2, ¥3. Y4 Vs =0
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Optimum solution:
xy =0, x, = $10,000, x5 = $6000, x4 = 0
yi =0,y =0,y = 36800, y, = §33,642
z = $53,628.73 at the start of year 5
5. Let x;, = amount invested in year i using plan 4, = 1,2,3

X;p = amount invested in year { using plan B,i = 1,2, 3
Maximize z = 3x,5 + 1.7x34 subject to

X34 + x5 = 100 (start of year 1)
=17x;4 + x4 + x5 =0 (start of year 2)
—3x15 — L7x34 + x3, = 0 (start of year 3)
Xiq, g =0,i =1,2,3

Optireum solution: Invest $100,000 in plan A4 in year 1 and $170,000 in plan B in
year 2. Problem has alternative optima.

Set 2.3d

3. Let x; = number of units of productj,7 = 1,2,3
Maximize z = 30x; + 20x, + 50x; subject to

2x + 3xy +  Sx3; = 4000

dx; + 2x, + Tx3 = 6000

x; + 35x, + 33x3 = 1500
2%, = 3x, =0
Sx; —2x3 =0

x; = 200, x, = 200, x5 = 150
Xy, X2, %3 = 0
Optimum solution: x, = 324.32, x; = 216.22, x3 = 540.54,z = $41,081.08
7. Let x; = Quantity produced by operationiinmonth j,i = 1,2, =1,2,3

{;; = Entering inventory of operation i inmontk j,i = 1,2,j = 1,2,3
) .
Minimize z = 3, (cyyxy; + cox; + .20y + 415) subject to
j=1

'lel = 800, .6,1'12 = 700, .6.{13 = 550
8xy = 1000, 81y, = 850, 8xy = 700
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Xyt oy = xgp ¥ Ly xgp + Loy = dp + 1y j = 1,2,3
Iy = I = 0, all variables = 0
d; = 500,450,600 forj = 1,2,3
¢ = 10,12, 11forj = 1,2,3
c; = 15,18,16forj = 1,2,3

Optimum: x;; = 1333.33 units, x;3 = 216.67, x3; = 1250 units, x,5 = 300 units,
z = $39,720.

Set 2.3e

2. Let x; = b of screws/package, x;, = Ib of bolts/package, x, = 1b of nuts/package,
x,, = lb of washers/package
70

Minimize z = 1.1x, + 1.5x, + (@)xn + (;—?)xw subject to

b y=x.+ x, + x, + x,

: y=1,x = ly,x = 25y,x, = 15y, x, = 1y
()50 = 2 ()50 = 0

All variables are nonnegative

g Solution: z = $1.12, y = 1, x, = 5, x, = 25, x, = 15,x, = 1

i 5. Let x4 = bbl of crude A/day, xz = bbl of crude B/day, x, = bbl of regular/day
'% x, = bbl of premium/day, x; = bbl of jet fuel/day

J’ Maximize z = S0(x, — 57} + 70(x, — 55} + 120(x; = s})

1 — (10s; + 15s, + 20s7 + 2s7 + 35, + 45])

L — (30x, + 40xz) subject to

X4 = 2500, x5 = 3000, x, = 2x, + 25x5, x, = x4 + 3xg,x; = 25x, + 1xg
x, + 5, =57 =500,x, + 5, — 5, =700, x; + 57 — 57 = 400, All variables = 0
J Solution:

{ z = $21,852.94, x4 = 1176.47 bbl/day, x5 = 1058.82, x, = 500 bbl/day

x, = 43529 bbl/day, x; = 400 bbl/day, s, = 264.71

é Set 2.3

i
i
H
‘1

1. Let x,(y;) = Number of 8-hr (12-hr) buses starting in period i
6 6
Minimize z = ZEx; + 35 Ey; subject to
i=1 =
ntxstyntystryzdatuntytntyzs,

x2+x3+y]+y2+y3_>:10,x3+x4+y2+y3+y427,
XgF Xg+ y3+ yat ys =12, x5+ x5+ y4+ ys + yg=4
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All variables are nonnegative

Solution: x; = 4,x, = 4, x, = 2, x5 = 4, y3 = 6,all others = 0, z = 49.

Total number of buses = 20. For the case of 8-hr shift, rumber of buses = 26 and
comparable z = 2 X 26 = 52. Thus, (8-hr + 12-hr) shift is better.

5. Let x; = Number of students starting in period i {{ = 1 for 8:01 AM.,{ = 9 for
4:01 P.M.)
Minimize z = x; + x, + X3 + x4 + x5 + X7 + x5 + xg subject to
x122,x1+x222,x1 +XZ+X3E3,
Xp 4+ X3+ xg = 4, x5+ x4 = 4, x, + x5 =3,
x6+x723,x6+x7+x323,x7+x3+x923

x5 = 0, all other variables are nonnegative

Solution: Hire 2 at 8:01, 1 at 10:01,3 at 11:01, and 3 at 2:01. Total = 9 students

Set 2.3g

1 (a) 1150L ft?
(b) (3,0,0), (1,1,0), (1,0,1), and (0,2,0) with respective 0, 3, 1, and 1 trim loss per
foot.
(c) Number of standard 20’-rolls decreased by 30.
(d) Number of standard 20’-rolls increased by 50.

6. | g1 || Ty
|
|

|
I
| r —p | , |
I ) | 82 1 Y2 2 i
I r3 ! £3 }J’3|
| 2.2 minutes |

Let g;, v;, and r; be the durations of green, yellow, and red lights for cars exiting
highway i. All ime units are in seconds. No cars move on yellow.

maximize z = 3{500/3600)g, + 4(600/3600)g, + 5(400/3600)g- subject to

(500/3600)g, -+ (600/3600)g, + (400/3600)gs = (510/3600)(22 X 60 — 3 X 10}
§1+1 82t g +3X10=x22X60,g =258 =258;=125

Solution: g, = 25 sec,, g, = 43.6 sec., g3 = 33.4 sec. Booth income = $58.04/hr

Set2.4a
2. (d) See file solver2.4a-2(d).xls in folder AppenCFiles.

Set 2.4b

2. (c) See file ampl2.4b-2(c).txt in folder AppenCFiles.
(f) See file ampl2.4b-2(f).txt in folder AppenCFiles.
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Chapter 3

CHAPTER 3

Set 3.1a

1. 2 tons/day and 1 ton/day for raw materials M1 and M2, respectively.
4. Let x; = units of product i produced on machine j.
Maximize z = 10(x;; + x33) + 15(xy + xo3) subject (0

Xntxy —X2 ~xn t5 =35
—xn—x21+x12+x22+52=5
X1 + Xy + 54 = 250

i xi; = 0, foralliand

Set 3.1b

3. Let x; = units of product j,j = 1,2, 3.
Maximize z = 2x; + 5xy + 3x3 — 15x — 10x3
subject to

2x, 4+ xp + 2x3 + x5 — x5 = 80
Xy + X9+ 2x3 + x5 — X3 =65

- 4 = 4
X1, X9, X3, Xy, X4, X5, X5 = 0

Optimum solution: x, = 65 units, x5 = 15 units, all others = 0,z = §325.

Set 3.2a

L (¢c)x = g,xz =3,7=7
(e) Corner points (x; = 0, x, = 3) and (x; = 6, x, = 0) are infeasible.
3. Infeasible basic solutions are:

(xux2) = (5.3} (xux) = (8,-2)
(x1, x4} = (6, —4), (32, x3) = (16, —26)
(x2, xa) = (3, —13), (x3, x4) = (6, —16)

Set 3.2a

761

3. (a) Only (A, B) represents successive simplex iterations because corner point A
and B are adjacent. In all the remaining pairs the associated corner points axe
not adjacent.

{b) (i) Yes. (ii) No, C and I are not adjacent. (iii) No, path returns to a previous
corner point, 4.
5. (a) x;enters at value 1, z = 3 at corner point D.
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Set 3.3b
3
New basic vanabie x| X3 Bnox
Value 1.5 1 0 8
Leaving variabie xy X7 Xz  Xs

6. (b) x5, x5, and xs can increase value of z. If x; enters, xg leaves and
Az =5 X 4 = 20. If x5 enters, x; leaves and Az = 0 because x5 equals § in
the new solution. If x4 enters, no variable leaves because all the constraint
coefficients of xg are less than or equal to zero. Az = o0 because x; can be
increased to infinity without causing infeasibility.

9. Second best value of z = 20 occurs when s, is made basic.

Set 3.4a
3. (a) Minimize z = (8M — 4)x; + {(6M — 1)x, — Ms, — Msy = 10M
(b) Minimize z = (3M — 4)x; + (M — 1)x; = 3M
6. The starting tableau is

Basic Xy Xy Xy X4 Solution
z -1 -12 0 0 -8
X3 1 1 1 0 4
X4 1 4 ] 1 8

Set 3.4h

1. Always minimize the sum of artificial variables because the sum represents the
amount of infeasibility in the problem.

7. Any nonbasic variable having nonzero objective coefficients at end of Phase I
cannot become positive in Phase II because it will mean that the optimal objec-
tive value in Phase I will be positive; that is, infeasible Phase I sotution.

Set 3.5a
1. (a) A2 B—>C—D.
(b) latA, 1atB,C4 =6atC and1atD.
Set 3.5b
1. Alternative basic optima: (0, 0, %), (0,5,0), (1, 4, %) Nonbasic alternative optima:

(a3,5a2 + 4a3,l_,?a1 + %a3), ot +toy=10=g=<1,i=1223

HEEEr S T R

by

e d G

Ve b ekt Pl




nd

int
be

he

21

2C-

14l

PR Y L

ST E R N PR T E

Chapter 3 763

Set 3.5¢

2. (a) Solution space is unbounded in the direction of x,.

(b) Objective value is unbounded because each unit increase in x, increases z
by 10.

Set 3.5d

1. The most that can be produced 1s 27 units.

Set 3.6a
2. Let
x; = number of Type 1 hats per day
xy = number of Type 2 hats per day
Maximize z = 8x; + S5x, subject to
2x1 + xp = 400
x = 150, x, = 200
X, % =0
{a) See Figure C.4: x; = 100, x, = 200, z = $1800 at point B.
{b) $4 per Type 2 hat in the range (200, 500).
{c) No change because the dual price is $0 per unit in the range (100, c0).
(d) $1 worth per unit in the range (100, 400). Maximum increase = 200 Type 2.
Set 3.6b

L (a0=g=2

(b) New & = 1. Solution remains unchanged.

Xy FIGURE C.4

(0, 200)

(100, 200) optimum
{150, 200)

(150, 100)

(150,0)

(Q, 400)
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Set 3.6¢

2.

11.

(a) Yes,because additional revenue per min = $1 (for up to 10 min of overtime)
exceeds additional cost of $.83/min.

(b) Additional revenue is $2/min (for up to 400 min of overtime} = $240 for 2 hr,
Additional cost for 2 hr = $110. Net revenue = $130.

(¢} No,its dual price is zero because the resource is already abundant.
(d) D = 10 min. Dual price = $1/min for D| = 10.x, = 0, x; = 105, x5 = 230,
netrevenue = ($1350 + $1 X 10 min) — (3 X 10 min) = $1353.33.

(e} Dy = —15. Dual price = $2/min for D, = —20. Decrease in revenue = $30.
Decrease in cost = $7.50. Not recommended.

Let
x; = radio minutes, x, = TV minutes, x; = newspaper ads
Maximize z = x; + 50x, + 10x; subject to
15x; + 300x; + 50x3 + 51 = 10,000, x5 — S, = 5,
X1+ 853 =400, —x) + 2x9 + 54 =0, x|, X3, X3 = 0,
51,82, 853, 54 = 0

(a) x; = 59.09 min, x, = 29.55 min, x3 = 5Sads, z = 1561.36

(b) From TORA, z + .158s, + 2.8795, + 0s; + 1.364s, = 156.364. Dual prices
for the respective constraints are .158, —2.879, 0, and 1.36. Lower limit set
on newspaper ads can be decreased because its dual price is negative
{= —2.879). There is no advantage in increasing the upper limit on radio
minutes because its dual price is zero (the present limit is already abundant).

{¢) From TORA, x;, = 599091 + 00606D, = 0, x; = 5, s; = 340.90909 +
00606D, = 0, x, = 29.54545 + .00303D, = (. Thus, dual price = .158 for
the range —9750 = D = 56,250. A 50% increase in budget (D; = $5000) is
recommended because the dual price is positive.

(a) Scarce: resistor and capacitor resource; abundant: chip resource.

(b) Worths per unit of resistor, capacitor, and chips are $1.25, $.25, and $0.

(e) Change Dy = 350 — 800 = —450 falls outside the feasibility range Dy =
—400. Hence problem must be solved anew.

13. (b) Sclution x; = x, =2 + %isfeasible foralA > 0. For0 <A =3,r, + rp=
£ < 1= feasibility confirmed. For 3 = A < 6,r; + r, =% > 1= feasi-
bility not confirmed. For A > 6, the change falls outside the ranges for D,
and D,
Set 3.6d

2. (a) x; = Cans of Al, x; = Cans of A,, x5 = Cans of BK.

Mazximize z = 80x; + 70x, + 60x; subject to

hat
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Xpt xp ¥ x5 = 500,x1 = 100, 4x, — 2%y — 2x3 = 0

Optimum: x;, = 166.67, x, = 333.33, x3 = 0, z = 36666.67.
(b) From TORA, reduced cost per can of BK = 10. Price should be increased by
more than 10 cents.

(¢) d, = d3 = d3 = ~5 cents. From TORA, the reduced costs for the nonbasic
varnables are
x3:10 + dy — dy = 0, satisfied
512 73.33 + .67d, + .33d; = 0, satisfied
53 1.67 — 17d, + 17d, = 0, satisfied

Solution remains the same.
5. (a) x; = Number of units of motori,i = 1,2, 3, 4.
Maximize z = 60x; + 40x, + 25x3 + 30x,4 subject to

le + SXZ + 4x3 + 6X4 = 800{], X = 500, Xy = 500,

x3 = 800, x4 = 750, x|, X3, X3, x4 = 0

Optimum: x; = 500, x, = 500, x3 = 375, x, = 0,z = $59,375

(b} From TORA, 8.75 + d; = (. Type 2 motor price can be reduced by up to
$8.75.

(c) d), = ~815,d, = —810,d; = —$6.25,d, = —§7.50. From TORA,

x4 7.5 + 1.5dy — dy = 0, satisfied
511 6.25 + 25d; = 0, satisfied

55: 10 — 2d;3 + dy = 0, satisfied
$3:8.75 — 1.25d3 + d, = 0, satisfied

Solution remains the same, but z will be reduced by 25%.
(d) Reduced cost of x4 = 7.5. Increase price by more than $7.50.

Set 3.6e

5. The dual price for the investment constraint x; 4 + x5 = 100 is $5.10 per dollar

invested for any amount of investment.

9. (2) Dual price for raw material A is $10.27. The cost of $12.00 per Ib exceeds
the expected revenue. Hence, purchase of additional raw material A is not
recommended.

(b) Dual price for raw material B is $0. Resource is already abundant and no ad-
ditional purchase is warranted.
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CHAPTER &2
Set 4.1a

2. Let yy, v5, and y;3 be the dual variables.
Maximize w = 3y; + 5y, + 4y, subject to

Y1+ 2y + 3y; 15,2y, — 4y, + y3 = 12
y1 = 0, y, = 0, y; unrestricted

4. (¢} Let y; and y, be the dual variables.
Minimize z = Sy, + 6y; subject to

2y1 +3y=Lyi—y=1
Y1, ¥, unrestricted

5. Dual constraint associated with the artificial variables is y;, = —M.

Mathematically, M — 00 = y = —oco, which is the same as y, being unrestricted.

Set4.2a

1. (a) AV, is undefined.
(e) VoA = (—14 -32)

Set4.2b

O CENA D= L

1. (a) Inverse =

|
Il Bufin Bl B —
[ I o B o
- D OO

f

Set 4.2¢
3. Let y; and y, be the dual variables.
Minimize w = 30y, + 40y, subject to
yi+ y2= 35,5y — Sy, = 2,2y — 6y, =3
¥ = —M(= y unrestricted}, y, = 0
Solution: Y1 = 5, y2 = 0, w = 150.

6. Let y, and y, be the dual variables.
Minimize w = 3y, + 4y, subject to

ntyzliyn-ypzinz3
¥y, unrestricted

Solution: y; =3, y, = -1, w =35

LAY AR
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8. (a) (x1,x2) =1(3.0),z=15(y,y2) = (3,1), w = 14. Range = (14, 15)
9. (a) Dual solution is infeasible, hence cannot be optimal even though z = w = 17.
Set4.2d

2. (a) Feasibility: (xy, x4) = (3, 15) = feasible.
Optimality: Reduced costs of (x1, x3} = (0, 2) = optimal.

4,
Basic X X3 X3 X4 Xs Sojution
z 0 0 -2 -3 0 iz
X 1 0 -2 ! 0 2
x) 0 b : -3 0 §
xs 0 0 -1 1 1 0

Solution is optumal and feasible.
7. Objective value: From primal, z = ¢1x; + ¢3xy, and from dual, w = byy; +
bzyl + b3}‘3.b1 = 4,b2 = 6,b3 = 8,0{ = 2,C2 =5=z=w=34

Set 4.3a

2. (a) Let (x, x3, x3, x4) = daily units of SC320, SC325, SC340, and SC370
Maximize 7 = 9.4x; + 10.8x, + 8.75x3 + 7.8x4 subject to

10.5x; + 9.3x, + 11.6x, + 8.2x, = 4800
20.4x, + 24.6x, + 17.7x; + 26.5x, =< 9600
32x, + 2.5x + 3.6x; + 5.5x; < 4700
Sxi+ Sx+  Sxy; 4+ 5x; = 4500
x; = 100, x, = 100, x5 = 100, x, = 100
(b) Only solc)ler'mg capacity can be increased because it has a positive dual price
(=.4944).

(¢) Dual prices for lower bounds are =0 (—.6847, —1.361, 0, and —5.3003), which
means that the bounds have an adverse effect on profitability.

(d) Dual price for soldering is $.4944/min valid in the range (8920, 10201.72),
which corresponds to a maximum capacity increase of 6.26% only.

Set4.3b

2, New fire truck toy is profitable because its reduced cost = —2.

3. Parts PP3 and PP4 are not part of the optimum solution. Current reduced costs
are .1429 and 1.1429. Thus, rate of deterioration in revenue per unit is $.1429 for

PP3 and $1.1429 for PP4.
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Set 4.4a

1. (b) No,because point £ is feasible and the dual simplex must stay infeasible until
optimum is reached.
4. (c) Add the artificial constraint x; = M. Problem has no feasible solution.

Set 4.5a

4. Let QO be the weekly feed in Ib (= 5200, 9600, 15000, 20000, 26000, 32000, 38000,
42000, for weeks 1, 2, ..., and 8). Optimum solution: Limestone = .028Q),
corn = .649Q), and soybean meal = .323Q). Cost = .81221Q.

Set 4.5b

1. (a) Additional constraint is redundant.

Set 4.5¢

2, (a) New dual values = (% 0,0, 0). Current solution remains optimal.

(c) New dual values = (—4,%,0,0). z — .125s, + 2755, = 13.5. New solution:
Xy =2, x,=2,x3 =4,z =14.

Set 4.5d

L5y +3y;, +y3) —3=0Fory, =1,y,=2,and y; = 0, p = 42.86%.
3. (a) Reduced cost for fire engines = 3y; + 2y, + 4y; — 5 = 2 > 0. Fire engines
are not profitable.

CHAPTER 5

Set 5.1a

4. Assign a very high cost, M, to the route from Detroit to dummy destination.
6. (aand b) Use M = 10,000. Solution is shown in bold. Total cost = $49,710.

1 2 3 Supply
600 700 400
Plant 1
. 25 25
320 300 350
Plant 2
| 23 17 40
500 480 450
Plant 3
S 25 5 30
1000 1000 M
Excess
Plant 4 3 | s
Demand 36 42 30

(c) City 1 excess cost = $13,000.

PSR N N S, U
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9. Solution (in million galions) is shown in bold. Area 2 will be 2 million gallons
short. Total cost = $304,000.

Al A2 Ad Supply
12 18 M
Refinery 1
4 2 6
30 10 8
Refinery 2
4 1 5
20 25 12
Refiaery 3
6 6
M 50 50
Dummy
2
Demand 4 8 7

Set5.2a

2. Total cost = $804. Problem has alternative optima.

Sharpening service

Day New Overnight 2-day 3-day Disposal
Morday 24 ] 6 18 ¢
Tuesday 12 12 0 0 0
Wednesday 2 14 0 0 0
Thursday 0 0 20 0 ¢
Friday 0 14 0 0 4
Saturday 0 2 0 0 12
Sunday 0 0 0 0 22

5. Total cost = $190,040. Problem has alternative optima.

Period Capacity Produced amount Detivery

1 300 500 400 for (period} 1 and 100 for 2
2 600 600 200 for 2,220 for 3, and 180 for 4
3 200 200 200 for3

4 300 200 200 for 4

Set 5.3a

1. (a2) Northwest: cost = $42. Least-cost: cost = $37. Vogel: cost = $37.

Set 5.3b

5. (a) Cost = $1475.
(b) Ciz = 3, €13 = 8: Cy3 = 13} C3y = 7.
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Set 5.43

5. Use the code (city, date) to define the rows and columns of the assignment prob-
lem. Example: The assignment (D, 3)-(A,7) means leaving Dallas on Jun 3 and
returning from Atlanta June 7 at a cost of $400. Solution is shown in bold.
Cost = $1180. Problem has alternative optima.

AT Ay (A1) (A28

(D,3) 400 300 300 280
(D,10) | 300 400 300 300
(D,17) | 300 300 400 300
(D,25) | 300 300 300 400

6. Optimum assignment: I-d, I1-c, Ill-q, IV-b.

Set 5.5a
4. Total cost = §1550. Optimum solution summarized below. Problem has alterna-
tive optima.
Store 1 Store 2 Store 3
Factory t 50 0 0
Factory 2 50 200 50
CHAPTER 6
Set6.1a

1. For network (i): (a) 1-3-4-2. (b) 1-5-4-3-1. (c and d) See Figure C.5.

4, Each square is a node. Adjacent squares are connected by arcs. Each of nodes 1
and 8 has the largest number of emanating arcs, and hence must appear in the
center. Problem has more than one solution. See Figure C.6.

FIGURE C.5 ()
)
() & () FIGURE C.6

(3 () (—(0) 7]1]s]2]

Tree Spanning tree

[ PP, X
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Set 6.2a

2. (a) 1-2,2-5,5-6,6-4,4-3. Total length = 14 miles.
5. High pressure: 1-2-3~4-6. Low pressure: 1-5-7 and 5-9-8.

Set 6.3a

1. Buy new car in years 1 and 4. Total cost = $8900. See Figure C.7.

4. For arc {i, v;)-(i + 1, 2;4,), define p(g) = value(number of item i). Solution:
Select one unit of each of items 1 and 2. Total value = $80. See Figure C.8.

Set 6.3b

1. (c) Delete all nodes but 4, 5, 6, 7, and 8. Shortest distance = 8 associated with
routes 4-5-6-8 and 4-6-8.

Set 6.3¢

L. (a) 5-4-2-1,distance = 12.

4. Figure C.9 summarizes the solution. Each arc has unit length. Arrows show one-
way routes. Example solution: Bob to Joe: Bob-Kay-Rae-Kim-Joe, Largest num-
ber of contacts = 4.

Set 6.3d

1. (a) Right-hand side of equations for nodes 1 and 5 are 1 and —1, respectively, all
others = 0. Optimum solution: 1-3-5 or 1-3-4-5, distance = 90.

FIGURE C.7

FIGURE C.8
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FIGURE C.9

Set 6.4a
1. Cut1:1-2,1-4,3-4,3-5, capacity = 60.

Set 6.4b

1. (a) Surplus capacities: arc (2-3) = 40, arc (2-5) = 10, arc (4-3) = 5.
(b) Node 2: 20 units, node 3: 30 units, node 4: 20 units.
{c} No,because there is no surplus capacity out of node 1.

7. Maximum number of chores is 4. Rif-3, Mai-1, Ben-2, Kim-5. Ken has no chore.

Set 6.5a
3. See Fgure C.10.

Set 6.5b
L. Critical path: 1-3-4-5-6-7. Duration = 19.

Sat 6.5¢

3. (a) 10. (b) 5. (¢) 0.
5. (a) Critical path: 1-3-6, duration = 45 days.
(b) A,D,and E.

FIGURE C.10

e
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(c) Each of C,D, and G will be delayed by 5 days. E will not be affected.
(d} Minimum equipment = 2 units.

CHAPTER 7

Set7.1a
2. {1,0) and (0,2) are in Q,but A(1,0) + {1 — A)(0,2) = (A,2 — 2A) does not lie
mQfor0<a<L
Set 7.1b

2. (b) Unique solution with x;y > 1 and 0 < x, < 1. See Figure C.11.
(d) Aninfinite number of solutions.
(f) No solution.
3. (a) Basis because det B = —4.
(d) Not a basis because a basis must include exactly 3 independent vectors.

Set 7.1c
1.

Basic x X3 X3 Xy Solution
z 1.5 -5 0 G 21.5
X3 0 5 1 G 2
Xy 5 0 Y 1 1.5

Solution is feasible but nonoptimal.
4. Optimal z = 34.
Maximize z = 2x; + Sxysubjecttox; =4, x, =60, x; + X, =8, x, x5, =0

b FIGURE C.11
P 3 -
2 . \
.~ N\
-~ N
-7 ol \\ n>»1,0<n<l1
\
\}
1}
Pl
1 | | ] |
~2 -1 1 2 3
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Set 7.2a

1. (a) P, mustleave.
(b) B = (P,, P,) is a feasible basis.
2. For the basic vector Xz, we have

{zi— ¢} =B B—cg=cgl—cg=cg—cz=0

7. Number of adjacent extreme points &s # — m, assuming nondegeneracy.
10. In case of degeneracy, number of extreme points is less than the number of basic
solutions, else they are equal.

11. (a) new x; = 2 old x;.
(b) new x; = g old x;.
Set 7.2b
2. (b) (xy, x5, x3) = {15,2,0),z =5.

Set 7.3a
2. (b) (xq, X2, x3, x4, X5, Xg) = (0,1,.75,1,0,1),z = 22.

Set 7.4a

2. Maximize w = Ybsubjectto YA = ¢, Y = 0.

Set 7.4b

5. Method 1: (b, by, b3) = (4, 6, 8) = dual objective value = 34.
Method 2: (cy, ¢3) = (2, 5) = primal objective value = 34.
7. Minimize % = Yb subject to YA = C, Y unrestricted.

Set 7.5a
L -f=¢=1
2. (a)
Basic solution Applicable range of ¢
(x2, X3, Xg) = (5, 30, 10) 0=r=}
(%3 1) =& &, 5) %s:sg
(%2 x4 X2} = G, 15, 20) g =r =00

2 2 . - .
5 {z; = ¢hmras = (4% —%1- 22 -4 +%). Basis remains optimal for

2
0=1¢t=1.
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Set 7.5b

1. (a) tl = 10,B1 = (Pz, P3, P4)
2. Attt =0, (xy, x3, x4) = (.4, 1.8, 1). It remains basic for 0 < ¢ = 1.5. No feasible
solution for+ > 1.5.

CHAPTER 8

Set 8.1a

1. Gs: Minimize 5%, 55x, + 3.5x; + 5.5x; — .0675x, + 55 — 55 = 0.
3. Let x; = No. of in-state freshmen, x, = No. of out-of-state freshmen, x5 = No.
of international freshmen.

G; Minimize s;,i = 1,2,..., 5, subject tox; + x, + x5 + 57 — 57 = 1200,
2x; 4 X, = 2x3 + 55 ~ 535 =0, —-1dx; — .Ixy + 9x3 + 55 — 57 =0,
.125x1 - .05):2 - .556X3 + 34_ - S‘T = 0, -*.le + .SXQ - .2I3 + 55_ - 35+ =0

All variables are nonnegative
5. Let x; = No. of production runs in shift j,j = 1,2, 3.
Minimize z = 57 + s{, subject to —100x; + 40x, — 80x3 + 57 — 57 = 0,

4 = x; =510 =x,<20,3 =< x3=20

Set 8.2a

1. Objective function: Minimize z = s7 + s; + 53 + 55 + 54
Solution: x,, = .0201, x; = .0457, x, = .0582, x, = 2 cents, s3 = 1.45
Gasoline tax is $1.45 million short of goal.
4. x, = 1b of limestone/day, x, = 1b of corn/day, x; = b of soybean meal/day.
Objective function: Minimize z = 57 + s3 + 55 + 55 + 8¢
Solution: x; = 166.08 Ib, x, = 2778.56 Ib, x3 = 3055.36 1b, z = 0. Problem has
alternative optima. All goals are satisfied but goals 3 and 4 are overachieved.
7. x; = No. of units of product j,j = 1,2.
Assign a relatively high weight to the quota constraints.
Objective function: Minimize z = 100s] + 100s; + s3 + 53
Solution: x; = 80, x, = 60, 53 = 100 minutes, sy = 120 minutes.
Production quota can be met with 100 minutes of overtime for machine 1 and 120
minutes of overtime for machine 2.

Set 8.2b

2. G, solution: x, = 01745, x; = .0457, x, = .0582, x, = 21.33, s; = 19.33, all
others = (. Goals G4, G,, and Gj are satisfied. G4 is not.
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G4 problem: Same constraints as Gy pluss7 = 0,55 = 0,55 = 0.
G, solution:” x, = .0201, x; = 0457, x, = 0582, x, = 2,5} = 145. All other
variables = 0. Goal G is not satisfied.

G5 problem: Same as G, plus s§ = 0.
GS solution: Same as G, which means that goal 5 cannot be satisfied {s3 = 1.45).

CHAPTER 9
Set 9.1a
3. x; = No. of bottles of type i assigned to individual j, where i = 1 (full), 2 (half

10.

full), 3 (empty).
Constraints:

xntxptrxg=Txy txptan=Tx3 +txp+xp=7
X3 + ..SIH = 35, X1z + 'SxZZ = 35, X3 + .SXB =35
xy + X9y -+ Xy = 7,x]2 + Xyt Xy = 7,I13 + Xg3 + X33 = 7

All x;; are nonnegative integers
Solution: Use a dummy objective function.

No, bottles assigned to individual

Status 1 2 3 :

Full 1 3 3
Half full 5 1 1 :
Empty 1 3 3 )

y = Original sum of money. x; = Amount taken onnightj,j = 1,2, 3.

xg = Amount given to each mariner by first officer.

Minimize z = ysubjectto3x; — y =2, x; +3x, —y=2, %+ xp + 3x3 — y=
2,y — x; — x3 — x3 — 3x4 = 1. All vaniables are nonnegative integers.
Solution:y = 79 + 81ln,n =0, 1,2, ...

Side 1: 5, 6, and 8 (27 minutes). Side 2: 1,2, 3, 4, and 7 (28 minutes). Problem has
alternative optima.

x;; = 1ifstudent i selects course j, and zero otherwise, ¢;; = associated preference
10 6

score, C; = course j capacity. Maximize z = E Zc,-jx,-f subject to
i=1j=1

6 10 .
E{xu=2,i=1,2,...,10,2x,-,scj,;'=1,2,...,6 i

Solution: Course 1:students (2,4,9), 2: (2, 8), 3:(5,6,7,9),4:(4,5,7,10),5: (1,3, 8,
10), 6: (1,3). Total score = 1775. )
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Set 2.1b

1. Let xp =1 if route j is selected and 0 otherwise. Total distance of route {ABC,
1,2,3,4, ABC) =10+ 32 + 4 + 15 + 9 = 80 miles.
Minimize z = 80x; + 50x; + 70x3 + 52x, + 60x5 + 44x4 subject to

Gttt xg =Lty tx,txs =Lyttt tr=l,

x1+x2 +x5 = 1,XQ+I3+X4+XG-_}.- l,xj=(0,1),f0[‘allj.

Solution: Select routes (1, 4, 2) and (1, 3, 5), z = 104. Customer 1 should be
skipped in one of the two routes.
2. Solution: Committee is formed of individuals a, 4, and f. Problem has alternative
optima.
7. x, = 1lif transmitter ¢ is selected, 0 otherwise. x, = 1 if community ¢ is covered, 0
otherwise. ¢, = cost of transmitter . S, = set of transmitters covering community
¢. P; = population of community j.
15
Maximize z = Echc subject to
¢=1

.
Ex‘ =x,c=1,2,...,15, Ec,x, =15

=1
Solution: Build transmitters 2,4,5,6, and 7. All but community 1 are covered.

Set 9.1c

2. Let x; = Number of widgets produced on machine j, j = 1,2,3. y; = 1 if ma-
chine j is used and 0 otherwise. Minimize z = 2x; + 10x, + 5x5 + 300y, +
100y, + 200y3 subject to x; + x3 + x3 = 2000, x; — 600y, = O,xy — 800y, = 0,
x3 — 1200y, = 0, xy, X3, X3 = 500 and integer, yy, y2, y3 = (0, 1).

Solution: x; = 600, x, = 500, x3 = 900, z = $11,300.

3. Solution: Site 1 is assigned to targets 1 and 2, and site 2 is assigned to targets 3
and 4.z = 18.

10. x, = Number of Eastern (one-way) tickets, x, = Number of US Air tickets,
x. = Number of Continental tickets. ¢;, and e; binary variables. & and ¢ nonnega-
tive integers. Maximize z = 1000(x, + 1.5x, + 1.8x, + Se; + Se; + 10u + 7¢)
subjectto e = x/2 ¢, = x,/0,u = x,/6,andc = x/5,x, + x, + x. = 12.
Solution: Buy 2 tickets on Eastern and 10 tickets on Continental. Bonus =
39000 miles.

Set 9.1d

1. Let x;; = Integer amount assigned to square (i j). Use a dummy objective func-
tion with all zero coefficients.
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Constraints:

3
Exff = ls,/i = 1’ 2! 37 Exfj = 15‘1j = 11 2‘! 3’
i=1

X1 + X9 + X3 = 15, X1 =+ X9 -+ X3 = 15,
(X = xpp + lorx, = x5 — 1), {x3 = x;3 + Lorxy; = x5 — 1),
(X122 x5+ Lorxp = xj3 - 1), (x13 = xp + Lorxy = xp — 1),
{(x11 = x3 + Lotxy = xg — 1), (% = x3p + Lorxy < x5 — 1),

x;=1,2,...,9 foralliand;

_ 29 4
Solution: | 5 5 3
6 1 8

Alternative solutions are direct permutations of rows and/or columns.
3. x; = Daily number of units of product j.
Maximize z = 25x; + 30x, + 22x; subject to

(3x1 + 4x, + Sxy = 100) or ( 3x; +4xy + Sx3 = 90)
4x1 + 3x2 + 6x3 < 100 411 + 3)62 + 6:(3 = 120

X1, X3, X3 = 0 and integer

Solution: Produce 26 units of product 1,3 of product 2, and none of product 3, and
use location 2.

Set 9.2a*

2. (a) zZ= 6,.X1 =2,% =0
(d) z=12,x, = 0, %, = 3.
3. (a) z=1725x, =175 x,=1.
(d) 2=105,x,= 5, x =2
9. Equivalent -1 ILP:
Maximize 7 = 18y, + 36y, + 14y, + 28y, + 8yy; + 16y1 + 32y4;
subject to 15yy; + 30y + 12yy; + 24y + Tyzy + 14y5; + 28yy; = 43
All variables are binary.
Solution: z = 50, y;p = 1, y5y = 1, all others = 0. Equivalently, x; = 2,x; = 1.
The 0-1 version required 41 nodes. The original requires 29.

Use TORA integer programming module to generate the B&B tree.

i F e Bt et T s wm a4 aam oy a
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Set 9.2h

1. (a) Legitimate cut because it passes through an integer point and does not elim-
inate any feasible integer point. You can verify this result by plotting the cut
on the LP solution space.

6. (a) Optimum integer solution: (xy, x5, x3) = (2,1, 6), z = 26.

Rounded solution: (x;, x;, x3) = (3, 1, 6), which is infeasible.

Set 9.3a

1. The table below gives the number of distinct employees who enter/leave the man-
ager’s office when we switch from project i to project j. The objective is to find a
“tour” through all projects that will mimimize the total traffic.

1 2 3 4 5 6
1 - 4 4 6 6 5
2 4 e 6 4 6 3
3 4 6 — 4 8 7
4 6 4 4 — & 5
5 6 6 8 6 — 5
6 5 3 7 5 5 —

Set 9.3c
2. See Figure C.12.

FIGURE C.12

z=26
(1-3~1)
(2-4-2)
(5-6-5)
=0 x;3 =0
@
Fathomed z=16
by z (1~2—d4~3-1)

at (3) (5~6-5)

X586 = 0
3
Fathomed =7
by z -5-6-2-
at @ 4-3-1)
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CHAPTER 10

Set 10.1a

1. Solution: Shortest distance = 21 miles. Route: 1-3-5-7.

Set 10.2a

3. Solution: Shortest distance = 17. Route: 1-2-3-5-7.

Set 10.3a

2. (a) Solution: Value = 120. (my, my, my) = (0,0, 3), (0,4,1),(0,2,2), or (0,6, 0).

5. Solution: Total points = 250. Select 2 courses from I, 3 from 1, 4 from I, and 1
from IV,

7. Let x; = 1 if application j 15 accepted, and O otherwise. Equivalent knapsack
model is
Maximize z = 78x; + 64x, + 68x; + 62x, + 85x; subject to

Txy + dxy + 6x3 + 5x4 + 8x5 = 23,x; = (0,1),j = 1,2,...,5
Solution: Accept all but the first application. Value = 279.

Set 10.3b

1. (a) Solution: Hire 6 for week 1, fire 1 for week 2, fire 2 for week 3, hire 3 for week 4,
and hire 2 for week 5.

3. Solution: Rent 7 cars for week 1, return 3 for week 2, rent 4 for week 3, and no
action for week 4.

Set 10.3¢

2. Decisions for next 4 years: Keep, Keep, Replace, Keep. Total cost = $458.

Set 10.3d

3. (a) Let x;and y; be the number of sheep kept and sold at the end of period i and
define z; = x; + y;

fa(za) = max{p.y.}

=T
fiz} = max{py; + frr1(2z; — 2y}, i=1,2,...,n— 1
W=y
CHAPTER 11

Set 11.3a

2. (a) Total cost per week = $51.50.
(b) Total cost per week = $50.20, y* = 239.05 lb.
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4. (a) Choose policy 1 because its cost per day is $2.17 as opposed to $2.50 for
policy 2.
(b) Optimal policy: Order 100 units whenever the inventory level drops to 10 units.

Set11.3b

2. Optimal policy: Order 500 units whenever level drops to 130 units. Cost per
day = $258.50.

4. No advantage if TCU,(y,,) = TCU,(g), which transtates to no advantage if the
discount factor does not exceed .9344%.

Set 11.3c
1. AMPL/Solver solution: (y), ¥2, ¥3. Ys, ¥s) = (4.42,6.87,4.12,7.2,58), cost =
$568.12,
4. Constraint: E% = 150.
L i
Solver/AMPL  solution: (i, ¥o, ¥3, ¥4) = (155.3,118.82, 74.36, 90.09), cost =
$54.71.
Set 11.4a

1. (&) 500 units required at the start of periods 1,4,7, and 10.

Set 11.4b

3. Produce 173 units in period 1, 180 in period 2,240 in period 3, 110 in period 4, and
203 in period 5.

Set 11.4c

1. (a) No, because inventory should not be held needlessly at end of horizon.
by () 0=z =51==s50=g=S4x=41=x5<60<x =4
(i) S=z,=140=22=90=22=5x=0,0=x=<90=< x; =5
2. (a) z1 = 7,2, =0,23 = 6,z = 0. Total cost = $33.

Set 11.4d

1. Use initial inventory to satisfy the entire demand of period 1 and 4 units of
period 2, thus reducing demand for the four periods to 0,22, 90, and 67, respec-
tively. Optimal solution: Order 112 units in period 2 and 67 units in period 4. Total
cost = $632.

Set 11.4e

1. Solution: Produce 210 units in January, 255 in April, 210 in July, and 165 in
October.
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CHAPTER 12

Set 12.1a

1. (a) .15 and .25, respectively. (b) .571. (c) 821
2. n =23
3. n>253. \

Set 12.1b
5
3. 5
4. Let p = probability Liz wins. Probability John wins is 3p, which equals the prob-

ability Jim will win. Probability Ann wins is 6p. Because one of the four wins,
p+3p+3p+3p+6p=1

3
(a) 1—3
7
(b) IER
6
(C) E
Set 12.1¢
3. (a) .375. (b) 6.
7. .9545.
Set 12.2a
2. (a) K =20.
3. P{Demand = 1100} = 3.
Set 12.3a
3. (a) P{50 = copiessold = 70} = .6667.
{b) Expected number of unsold copies = 2.67
(c} Expected pet profit = $22.33
Set 12.3b

1. Mean = 3.667, variance = 1.556.

Set 12.3¢
1 (a) P(xl = 1)=P(I2 = 1) = .4,P(x1 =2) =P(X2=2) = .2,P(xl =3)=
P(x,=3)= 4
(b} No, because P(x;, x3) # P(x1)P(x2)-

T L YR E PR S
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Set 12.4a

()
3. .0547.

Set 12.4b

1. .8646.
3. (a) P{n =0} =0.
(b) P{n=3);:1.
Set 12.4c

1. A = 12 arrivals/min. P{t = 5Ssec} = .63.

Set 12.4d
2. .001435.

CHAPTER 13

Set 13.1a
1. Weights for A, B, and C = (.44214, .25184, .30602).

Set 13.1b

2. CR > .1 for all matrices except A. (ws, wy, Wy ) = (331, .292,.377). Select Maisa.
4. All matrices are consistent. (wy, wp) = (502, .498). Select H.

Set 13.2a

2. (a) See Figure C.13.

{b) EV(corn) = —$8250, EV(soybeans) = $250. Select soybeans.
6. (a) See Figure C.14.

(b) EV(game) = —8$.025. Do not play the game.

FIGURE C.13
U 25 3000

g

Corn 3 $0
:| D4 _g35000
[ U 25 $50,000
Soybeans /|:S 30 ¢
| D A5 —$5000
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125(HHH)

$3.50
125(HHT) $1.15
125(HTH) 590
ABET) o0

Play f ’
/ 125(THH) $1.15
ABTHT)  _gq99
E] ABATH) g 99
AB(TID ¢339

FIGURE C.14 Do not play 30

12. Optimum maintenance cycle = 8 years. Cost per year = $397.50.
15. Optimum production rate = 49 pieces per day.
19. Level must be between 99 and 151 gallons.

Set 13.2b
2. Let z be the event of having one defective item in a sample of size 5.
Answer: P{Alz} = 6097, P{Blz} = .3903.
4. (a) Expected revenue if you self-publish = $196,000.
Expected revenue if you use a publisher = $163,000.
(b) If survey predicts success, self-publish, else use a publisher.
7. (b) Ship lot to B if both items are bad, else ship fot to A.

Set 13.2¢

1. (a) Expected value = $5, hence there is no advantage.
(b) For0 = x < 10,U(x) = 0,and for x = 10, U(x) = 100.
{(c) Play the game.
2. Lottery:U(x) = 100 — 100p, with U(—$1,250,000) = 0 and U($900,000) = 100.

Set 13.3a
L. (a) All methods: Study all night (action a,).
(b) All methods: Select actious a, or as.
Set 13.4a

2. (a) Saddle-point solution at {2, 3). Value of game = 4.
3. (d2<v<4.

Atern s o e M s Bmn a e a o a briams v 4 alhe e e

[V,
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Set 13.4b

1. Each player should mix strategies 50-50. Value of game = Q.
2. Police payoff matrix:

100%A 50%A4-50%8 100% B
A 100 50 0
B 0 30 100

Strategy for Police: Mix 50-50 strategies 100% A and 100% B.
Strategy for Robin: Mix 50-50 strategies A and B. Value of game = $50
(= expected fine paid by Robin).

Set 13.4c¢

1. (a) Payoff matrix for team 1:

AB AC AD BC BD cD

AB 1 0 ¢ 0 0 -1
AC 0 1 0 0 -1 0
AD 0 0 1 -1 G 0
BC 0 0 -1 1 0 0
BD 0 -1 0 0 1 0
CD =1 0 0 0 0 1

Optimal strategy for both teams: Mix AB and CD 50-50. Value of the
game = 0.

3. (a) {(m, n) = (Number of regiments at tocation 1, No. of regiments at locations 2}.
Each location has a payoff of 1 if won and —1 if lost. For example, Botto’s
strategy (1, 1) against the enemy’s (0, 3) will win location 1 and lose location
2, with anet payoff of 1 + (-1} = 0. Payoff matrix for Colonel Blotto:

2,0 -1 -1 g 0
1,1 0 -1 -1 0
0,2 0 0 -1 -1
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Optimal strategy for Blotto: Blotto mixes 50-50 strategies (2-0) and (0-2), and
the enemy mixes 50-50 strategies (3-0) and (1-2). Value of the game = —.5
and Blotto loses. Problem has alternative optima.

*

CHAPTER 14

Set 14.1a

1. (a) Order 1000 units whenever inventory level drops to 537 units.

Set 14.1b

2. Solution: y* = 317.82 gallons, R* = 46.82 gallons.

3. Solution: y* = 316.85 gallons, R* = 58.73 gallons. In Example 14.1-2, y* =
319.44 gallons, R* = 93.61 gallons. Ozder quantity remains about the same as in
Example 14.1-2, but R* is smaller because the demand pdf has a smaller variance.

Set 14.2a
3. 3= p= 82
6. 32 coats.

Set 14.2b

1. Order9—xif x << 4.53, else do not order.

Set 14.3a
2. Order4.61—xif x < 4.61, else do not order.

CHAPTER 15

Set 15.1a

1. (a) Productivity = 71%.
(b) The two requirements cannot be met simultaneously.

Set 15.2a
1.
Situation Customer Server
(a) Plane Runway
(b) Passenger Taxi
(h) Car Parking space

(R TP VT R A
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Set 15.3a

1. (b) (i) A = 6 arrivals per hour, average interarrival time = éhour.
(c} (i) x = 5 services per hour, average service time = .2 hour.

3. (a) f(£) = 207 ¢ > 0.
(b) P{t > Z} = 00674,

7. Jim’s payoff is 2 cents with probability P{¢ = 1} = 4866 and —2 cents with
probability P{f = 1} = .5134. In 8 hours, Jim pays Ann = 17.15 cents.

10. (a) P{t = 4 minutes} = .4866.
(b) Average discount percentage = 6.208.

Set 15.4a

1. pp=5(1 hour) = .55951.
4. (a) po{t = 7) = 24167.
6. (a) Combined A = 3 + 2, py(r = 5) = .219.

Set 15.4b

2. (a) po(t = 3) = .00532.
(C) anl?(Ir = 1) = .9502.

5. po(4) = 37116.

8. (a) Average ordersize = 25 — 7.11 = 17.89 items.
(b) polt = 4) = 00069.

Set 15.5a

3. (a) pn=3 = .4445.
(b) pp<g = .5555.

6. (a) pj=2,j=0,1,2,3,4.
(b) Expected number in shop = 2 customers.
(© pa= 2.

Set 15.6a
L (a) Ly =1ps + 2p; + 3pg = .1917 car.
() Aot = 1263 car per hour. Average number lost in & hr = 1.01 cars.

8 8
(d) No. of empty spaces = ¢ — (L, — L;) = ¢ — Shap,+ Y, (n—¢)pn
n={

n=c+]
Set 15.6b
2. (3) Lo~ 2.

(b) Average monthly income = $50 X us = $375.
(c) Expected payment = $40 X L, = $128.
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5. (a) Po = 4.
(b) L, = car.
(¢) W, = 2.25 min.

(d) pr=y = -0036.
6. (d) No.of spaces is at least 13.

Set 15.6¢

1. P{r > 1} = .65.
5. $37.95 per 12-hour day.

Set 15.6d

L (a) py = 3654

(b) W, = 207 hour.

(c) Expected number of empty spaces = 4 — L, = 3.212.

{d) ps = .04812.

(e) 40% reduction lowers W, to about 9.6 min (g = 10 cars/hr).
4. (a) pg = 6.

(b) L, = 6.34 generators.

(c) Probability of finding an empty space cannot exceed .4 regardless of belt ca-
pacity. This means that the best utilization of the assembly department is 60%.

70 (a) 1 - ps = -962.
(0) Ast = Aps = .19 customer per hour.

Set 15.6e

2. For ¢ = 2, W, = 3.446 hour and for ¢ = 4, W, = 1.681 hour, an improvement of
over 51%.

5. Let K be the number of waiting-room spaces. Using TORA, py + p; + --- +

7. (a) pp=4 = .65772.
(e) Average number of idle computers = ,667 computer.

Set 15.6f

2. {c) Utilization = 81.8%.
(d) py + p3 + pa = 545.
4, (a) Py = 00014.
(d) Expected number of occupied spaces = L; — L, = 20.043 — .046 = 20.

(f) Probability of not finding a parking space = 1 — p,<y9 = .02467. Number of
students who cannot park in an 8-hour period is approximately 4.

RS S WV Y N TS RN S
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Set 15.69

2. (a) Approximately 7 seats.
(b) pnzs = .2911.

Set 15.6h

1. (b) Average number of idle repairpersons = 2.01.
(d) P{2 or3idle servers} = py + p; = .34492.
4. (a) L, = 1.25 machines.
(b) pg = 33342,
(c) W, = .25 hour.
6. A = 2 calls per hour per baby, . = .5 baby per hour,R = 5, K = 5.
(a) Number of awake babies = 5 — L; = 1 baby.
(b) ps = .32768.
(€) Pusy = 05792,

Set 15.7a

2. (a) E{t} = 14 minutes and var{t} = 12 minutes®. L, = 7.8672 cars.

4. A = 0625 prescriptions per minute, E{t} = 15 minutes, var{¢} = 9.33 minutes®.
(a) pp = .0625.
(b) L, = 7.3 prescriptions
(c) W, = 132.17 minutes.

Set 15.9a

2. Use (M/M1):(GD10/10). Cost per hour is $431.50 for repairperson 1 and $386.50

for repairperson 2.
CrA

4. (b) p=A+ 2
2|

(c) Optimum production rate = 2725 pieces per hour.

Set 15.9b

2. (a) Hourly cost per hour is $86.4 for two repairpersons and $94.80 for three.

{b) Schedule loss per breakdown = $30 X W, = $121.11 for two repairpersons
and $94.62 for three.

4. Rate of breakdowns per machine, A = 36125 per hour, ¢ = 10 per hour. Model
(MIM/3):(GD/20/20) yields L, = 70529 machine. Lost revenue = $36.60 and
cost of three repairpersons = $60.

Set 15.9¢

1. (a) Number of repairpersons = 5.
(b) Number of repairpersons = 4.
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CHAPTER 16

Set 16.1a

4. (a) P{H} = P{T} = 5.1f0 = R = .5,Jim gets $10.00. If .5 < R = 1, Jan gets

$10.00.

7. Lead time sampling: If 0 = R= 5, L =1day. if 5 <R =1L =2days.
Demand per day sampling: If 0 = R = 2,demand = OQunit. if Z2< R =9,
demand = 1 unit. If .9 < R = 1, demand = 2 units. Use one R to sample L. If
L = 1, use another R to sample demand for one day, else if L = 2, use on¢ R to
generate demand for day 1 and then another R to generate demand for day 2.

Set 16.2a

1. (a) Discrete.

Set 16.3a
4. See Figure C.15.

Set 16.3b
Lt= ——iln(l — R), A = 4 customers per hour.
Customer R t(he) Arrival time
1 — — 0
2 0.0589 0.015176 0.015176
3 0.6733 0.279678 0.294855
4 0.4799 0.163434 0.458288

2.t=a+ (b—a)R
4. Q) 0= R<2:d=0,2=R<S5:d=1,5=2R<9d=2,9=R=1:

d = 3.
9. If0=R = p,thenx = 0,else x = (largest integer = E(%l).
FIGURE C.15
A, Ay As Ag As

P B P
0 lzoléol%luol

Dy D, Dy D, D;
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Set 16.3¢

L y = —$In(.0589 X .6733 X .4799 X .9486) = .803 hour.

6. 1 = Xy + Xo + X3 + x4,wherext- =10 + 1ORDI = 1,2,3,4.
Set 16.4a

1. In Example 16.4-1, cycle length = 4. With the new parameters, cycling was not
evident after 50 random numbers were generated. The conclusion is that judi-
cious selection of the parameters is important.

Set 16.5a

2. (a) Observation-based,
(b) Time-based.

3. (a) 1.48 customers.
{b) 7.4 hours.

Set 16.6a
2. Confidence interval: 15.07 = u =< 23.27.

CHAPTER 17

Set17.1a

2. S1:Car on patrol
S2: Car responding to a cail
S3: Car at call scene
S4: Apprehension made.
S5: Transport to police station

81 s2 53 S4 83

§1 0.4 0.6 0 0 0
S2 0.1 Q.3 0.6 0 0
53 0.1 D 05 0.4 0
S4 04 0 ] 0 0.6
S5 1 0 0 0 0
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Set 17.2a

2.

s1
2
S3
S4

S5

Partial Answers to Selected Problems

Initial probabilities:

S1- S2 83 S4 $5

G 0 1 0 ¢

Input Markov chain:

S1 S2 S3 54 85

04 06 0 o 0

01 0.3 0.6 0 0

0.1 0 0.5 0.4 0

0.4 0 0 0 0.6
1 0 0 0 0

Output (2-step or 2 patrols) traosition matrix (P2)

S1
S2
53
54

8s

Absolute 2-step probabilities = (001 0 0}P?

S S2 S3 S4 835
0.22 0.42 0.36 ] o
0.13 015 048 0.24 0
0.23 0.06 0.25 62 024
0.76 0.24 o 0 0

04 0.6 0 0 0

State

Absolute (2-step)

Sl
§2
83
54
S5

0.25
0.06
025

0.2
0.24

P{apprehension, S4, in 2 patrols} = 2

Set 17.3a

1. (a) Using excelMarkovChains.xls, the chain is periodic with period 3.

(b) States 1,2, and 3 are transient, State 4 is absorbing.
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Set 17.4a
1. {(a) Input Markov chain:
S C R
) 0.8 0.2 o
C 03 0.5 0.2
R 0.1 0.1 08

Steady state probabilities:

(1, 70, w3) = {1y, Wy, 3) P

1'T1+1'T2+‘?T3=1

Output Results:

State Steady stale Mean return time
S 0.50 2.0
C 0.25 4.0
R 0.25 4.0

Chapter 17

Expected revenues = 2 X .5 + 1.6 X .25 + 4 X .25 = $1,500
(b) Sunny days will return every pgs = 2 days—meaning two days on no sunshine.

3. (a) Input Markov chain:
never some always
never 0.95 0.04 0.01
some 0.06 0.9 0.04
always 0 c.1 0.9
(b)
Qutput Results

State Steady state Mean return time
never 0.441175 2.2666728
some 0.367646 27200089
always 0.191176 5.2307892

44.12% never, 36.76% sometimes, 19.11% always

793

{c} Expected uncollected taxes/year = .12($5000 X .3676 + 12,000 X .1911)
X 70,000,000 = $34,711,641,097.07



794 Appendix € Partial Answers to Selected Problems
14. (a) State = (i, j, k} = (No. in year —2, No. in year —1, No. in current year),

i,j,k=(0or1)
Example: (1-0-0) this year links to (0-0-1) if a contract is secured next yr.

0-0-0 1-C-0 0-1-0 0-0-1 1-1-0 1-0-1 0-1-1 1-i-1

0-0-0 0.1 0 a 0.9 0 0 0 0
1-0-0 02 0 0 0.8 0 0 0 0
0-1-0 0 0.2 0 0 0 0.8 0 0
0-0-1 0 0 02 0 0 0 0.8 0
1-1-0 0 03 a 0 0 0.7 0 0
1-0-1 0 0 0.3 0 0 0 0.7 \
0-1-1 0 0 0 0 03 0 0 0.7
1-1-1 0 0 0 ] 0.5 0 0 0.5
(b)

State Steady state

0-0-0 0.014859

100 0.066865

0-1-0 0.066865

0-0-1 0.066865

1-1-0 0.178306

1-0-1 0.178306

0-1-1 0.178306

1-1-1 0249629

Expected nbr. of contracts in 3 yrs = 1{0.066865 + 0.066865 + 0.066865)
+ 2(0.178306 + 0.178306 + 0.178306)
+ 3(0.249629) = 2.01932

Expected nbr. of contractsf/yr = 2.01932/3 = (.67311

Set 17.5a
1. (a) Initial probabilities:
1 2 3 4 5
1 0 0 0 0

R S
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Input Markov chain:
1 2 3 4 5
0 3333 3333 3333 0
3333 0 3333 0 3333
3333 3333 0 0 3333
5 0 0 0 ]
0 3333 33313 3333 0

State Absolute (3-step) Steady state

1 07407 214286
2 2963 214286
3 2963 214286
4 25926 142857
5 07407 214286

(b) as = 07407
(c) s = 214286
(d) s = 4.6666.

(Ir-mN Mu
1 2 3 5
1| 2 1 1 6667 | 46666
2 1 1.625 875 3333 38333
3 1 875 1.625 3333 3.8333
4 1 5 .5 13333 3.3333
5 (a) Input Markov chain:
A B C
A 75 A 13
B 2 15 05

C A28 125 75

(b)

State  Steady state

A 394737
B 307018
C 298246

A:39.5%,B:30.7%, C:29.8%

L - L S CUNED S
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(c)

Partial Answers to Selected Problems

(1 -1 Mu
A C B
571429  3.42857 9.14286
285714 571429 8.57143
1 2 C
588235  2.35294 8.23529
470588  5.88235 1.5882

A — B:9.14 years
A — (C:8.23 years

Set 17.6a

2. {a) States: 1wk, 2wk, 3wk, Library

(b)

Matrix P;

1 2 3 lib

0 03 ] 0.7

0 0 0.1 0.9

0 0 0 1

1] 1] 0 1
a-mn! Mu
2 3 lib

1
2
3
lib
1
1 1
2 0
3 0

03 03 1 133

1 keep the book 1.33 wks on the average.

8. (a)

Matrix P:
1 2 3 4 F
1 oz o8 0 0 0
2 | o o0z o 0 0
3 0 0 025 075 0
4 0 0 0 03 07
F 0 0 0 0 1

O
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(b) r-N! Mu

1 2 3 4 F
1 125 1.282 1.333 1.429 1 5.29
2 0 1.282 1333 1.429 2 4.04
3 0 0 1.333 1.429 3 276
4 0 o G 1.429 4 1.43

(c) To be able to take Cal II, the student must finish in 16 weeks (4 transitions)
or less. Average number of transitions needed = 5.29. Hence, an average stu-
dent will not be able to finish Cal I on time.

(d) No, per answer in {c).

10. (a) states:0,1,2,3,D (delete)

Matrix P:
0 1 2 3 D
a 0.5 0.5 0 0 0
1 0.4 G 0.6 g 0
2 03 0 0 0.7 0
3 02 ] 0 0 0.8
D 0 0 0 0 H

(b) A new customer stays 12 years on the list.

=Ny Mu
0 1 2 3 D
0 |s952 2976 178 125 | © 12

1 3.952 2.976 1.786 1.25 L 9.96
2 2.619 1.3] 1.786 1.25 2 6.96

3 1.i9 0.595 0.357 1.25 3 3139

(c) 6.96 years.

CHAPTER 18

Set 18.1a

1. (a) No stationary points.
(b) Minirmum at x = 0.
(e) Inflection point at x = 0, minimum at x = .63, and maximum at x = —.63.
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4. (x3,x) = (—1,1)or (24).

Set 18.2a
1. (b) (3xy,9x;) = (2.83, —2.5) dx,

Set 18.2b

P
3. Necessary conditions: 2(x,- - f’,*) =0,i =1,2,...,n — 1. Solution is x; = X/C
i=1,2...  n3f =28VC*"
5 10 155 60

6. (b) Solution (xq, x5, x3, X4} = (—:;;, —78 54 74), which is 2 minimum point.

¥

Set 18.2¢

2. Minima points: (x4, x5, x3) = (—14.4, 4.56, —1.44) and (4.4, .44,.44).

CHAPTER 19
Set 19.1a
2. {c) x = 2.5, achieved with A = .000001.
(e) x = 2, achieved with & = .000001.
Set 19.1b

1. By Taylor’s expansion, Vf(X) = Vf(X%) + H(X — X°). The Hessian H is inde-
pendent of X because f(X) is quadratic. Also, the given expansion is exact because
higher-order derivatives are zero. Thus, Vf(X) = 0 yields X = X' — H1vf(X?).
Becauscox satisfies Vf(X) = 0, X must be optimum regardless of the choice of
initial X°.

Set 19.2a

2. Optimal solution: x; = 0,x, =3,z = 17.

4. Letw; = x; + 1,j = 1,2,3, 9 = w1y, v; = ww;. Then,
Maximize z = v, + v, — 2w; —wqy + 1
subjecttow; + vy — 2wy, ~wy; =% Inv, —lnw, —lnw, =0,

In v, — Inw; — In wy = 0, all variables are nonnegative.

Set 19.2b

1. Solution:x; = 1,x, =0,z = 4.
2. Solutiom:x; = 0,x, = 4, x5 = .7,z = —2.35.
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Set 19.2c

L. Maximize z = x; + 2x; + 5x3
subject to 2x; + 3x, + Sx3 + 1.28y = 10
9x? + 16x% — y2 =0
Txg + 5% + x3 5124, %, %, %3,y = 0

CHAPTER 20
Set 20.1a
1. See Figure C.16.

Set 20.1b

1. Case 1: Lower bound is not substituted out,

Chapter 20

42 £13 X4 X312 X34
Miaimize z 1 5 3 4 6
Node 1 1 1 = 50
Node 2 -1 1 -1 = —40
Node 3 -1 1 1 = 20
Node 4 -1 -1 = -30
Lower bound 0 30 10 10 0
Upper bound co 40 o0 o0 o)

Case 2: Lower bound is substituted out.

X'u x'13 x'za x;:a 154
Minimize z 1 5 3 4 6
Node 1 1 1 = 20
Node 2 -1 1 -1 = -4
Node 3 -1 1 i = 40
Node 4 -1 -1 = =20
Upper bound o 10 oo oc o0

FIGURE C.16

[430] [-100]  [~110] [-95)

(-125)

799
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Set 20.1c

1. Optimum cost = $9895. Produce 210 units in period 1 and 220 units in period 3.
5. Optimal solution: Total student miles = 24,300. Problem has alternative optima.

Number of students

School 1 School 2

Minority area 1 0 500
Minority area 2 450 0]
Minority area 3 0 300
Nonminority area 2 1000 0
Nonminority area 2 0 1000

Set 20.2a

1. (c) Add the artificial constraint x, = M.Then
(x1,%2) = ey(0,0) + ay(10,0) + a5(20, 10) + ag(20, M) + as(0, M)
o tataytoetoas=10=0;=12..575
2. Subproblem 1: (x;, x5) = (0, 0) + (%2, 0) + (0, 12)

Subproblem 2: {xg, x5) = B1(5, 0} + B,(50,0) + B3(0, 10) + B4(0,5)
Optimal solution: oy = a; = 0, a3 = 1=>x, =0,x, = 12

Bi = 4889, 8, = 511,83 = B, = 0=x, = 28, x5 = 0.

6. Since the original problem 1s minimization, we must maximize each subproblem.

Optimal solution: (xy, X7, X3, X5) = (g, %, 0, 20), z = 195.

CHAPTER 22

Set 22.1a

2. Solution: Day 1: Accept if offer is high. Day 2: Accept if offer is medium or high.

Day 3: Accept any offer.

Set 22.2a

1. Solution: Year 1: Invest $10,000. Year 2: Invest all. Year 3: Do not invest. Year 4:

Invest all. Expected accumulation = $35,520.
4. Allocate 2 bikes to center 1,3 to center 2, and 3 to center 3.

Set 22.3a

3. Solution: First game: Bet $1. Second game: Bet §1. Third game: Bet $1 or none.

Maximum probability = .109375.

Tmse L
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CHAPTER 23

Set 23.1a

2. Do not fertilize, fertilize when in state 1, fertilize when in state 2, fertilize when in
state 3, fertilize when in state 1 or 2, fertilize when in state 1 or 3, fertilize when in
state 2 or 3, or fertilize regardiess of state.

Set 23.2a

1. Years 1 and 2: Don’t advertise if product is successful; otherwise, advertise. Year 3:
Don't advertise.

3. If stock level at the start of month is zero, order 2 refrigerators; otherwise, do not
order.

Set 23.3a

1. Advertise whenever in state 1.

APPENDIX A
Set A3a

1. rest{i in 1..n)}:(if i<=n-1 then x{i]+x[i+1] else x[l]l+x(n))>=c[i);
Set Ada

2. See file Ada-2.txt

Set A.5a

2. Data for unitprofit must be re-read four times with convoluted ordertng of
data elements.

24 5 6 4 4
6 5 1 4 2
15 -1 41
5 0 4 1

Set A.5c

1. Error will result because members of sets paint and resource cannot be read
from the double-subscripted table RMaij.
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APPENDIX C

Partial Answers to Selected
Problems’

CHAPTER 1

Set i.1a

4. 17 minutes
5. (&) Jim's alternatives: Throw curve or fast ball.
Joe’s alternatives: Prepare for curve or fast ball.
(b) Joe wants to increase his batting average.
Jim wants to reduce Joe’s batting average.

CHAPTER 2

Set2.1a

L@ —xt+txn=l
() x;~x =0
(e) Sx; — S5x,=0
3. Unused M1 = 4 tons/day

Set 2.2a

1. (a and ¢) See Figuré C1.
2. (a2 and d) Sce Figure C.2.

'Solved problems in this appendix are designated by * in the text.

753
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x Z\(:) Xy M
6
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5. Let
x; = Number of units of A
Xx; = Number of units of B
Maximize z = 20x; + 50x; subject to
_.21',1 + .812 = 0, le + 4)(2 = 240
X = 100, Xy, Xg = 0
Optimum: (x, x;) = (80,20), z = $2,600
7. Let
x; = Dollars invested in A
x; = Dollars invested in B
Maximize z = .05x; + .08x; subject to
Tox1 — 25x%, =2 0,50 — Sx, =0,
x; — Sxp = 0,x; + x; = 5000, xp,x, = 0
Optimum: {x;, x2) = (2500, 2500), z = $325
11 Let
x; = Play hours per day
X3 = Work hours per day
Maximize z = 2x; t xysubjectto
x1+x2510,x1—x250
x1=4,x,5%=0

Optimum: (x,, x;) = (4,6),z = 14
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14. Let
x1 = Tons of C1 per hour
x; = Tons of C2 per hour
Maximize z = 12000x,; + 9000x; subject to
—200x; + 100x, = 0,2.1x) + 9x; = 20, x5, % = 0
Optimum: (x,, x,) ='(5.13,10.26), z = 153,846 1b

(a) Optimum ratio C1:C2 = .5.
(b) Optimum ratio is the same, but steam generation will increase by 7692 1b/hr.

18. Let

x; = Number of HiFil units

x, = Number of HiFi2 units
Minimize z = 1267.2 — (15x; + 15x;) subject to
6x; + 4x; = 432,5x; + 5x, = 412.8
4x, + 6x; = 4224, x,x, =0 -
Optimum: {x;, x;) = (50.88, 31, 68}, z = 28.8 idle min.
Set 2.2b
1. (a) See Figure C3

FIGURE C.3

*1

-4
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S. Let
xy = Thousand bbl/day from Iran
x; = Thousand bbl/day from Dubai
Minimize z = x; + x; subject to
—6x; + 4x; =0,2x; + 1x, = 14
25x) + .6xy = 30, 1x; + 15x, = 10

-15):1 + .1).72 = 8, Xy, X3 =

Optimum: x; = 55, x, = 30,z = 85
7. Let

x; = Ratio of scrap A alloy

x, = Ratio of scrap B alloy

Minimize z = 100x; + 80x; subject to
03 = 06x, + .03x, = .06,.03 = 03x + .06x, = .05
03 = 04x; + By =07, 5+ =1L x, %20
Optimum: x; = 33, x, = .67, z = $&86,667

Set2.3a
3. Let

x;; = Portion of project i completed in year f

Maxinize z = .05(4x11 + 3x12 + 2x13) + ,07(3122 + 2I23 + Izq,)

+ .15(4X31 + 3x32 =+ 2X33 + I34) + .OZ(ZX43 + I44)

subject to
X+t xpt x3=1%5 + x=1
25 = xpt oxpy b Xyt oxps =1
25 = X5 X3 b Xgy b Xgg Fazs =1
Sxy + 15x3; = 3,5x1, + 8xpp + 15x5;, = 6
Sxj3+ 8xpy + 15253 + 12x43, = 7
Bxos + 15x34 + 1.2x4 = 7,8x95 + Sx35 = 7
allx; = 0

Optlﬂlum X = .6, X2 & .4, Koy = 255, Xag = 025

X3y = 267, X33 = 387, x44 = 346, Xga=1,2= $523,750
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Set 2.3b

2. The model can be generalized to account for any input currency p and any output
currency ¢. Define x;; as in Example 2.3-2 and r;; as the exchange rate from cur-
rency ¢ to currency j. The associated model is

Maximize z = y subject to

capacity. x; = ¢, foralli = j

Input currency p: I + D rjpx;, = > X,
J#p j¥p

Output currency q: y + zxq,,- = zrmqu
i#q i*q

Currency i # poOrg: X rXy = 2%
e j7i

all I,'); =0

Rate of return: 1.8064% for $ — §, 1.7966% for $§ — €, 1.8287% for $ — £,
2.8515% for $ — ¥, and 1.0471% for § — KD. Wide discrepancies in ¥ and KD
currencies may be attributed to the fact that the given exchange rates may not be
totally consistent with the other rates. Nevertheless, the problem demonstirates
the advantage of targeting accumulation in different currencies.

[Note: Interactive AMPL (file ampl2.3b-2.txt) or Solver (file solver2.3b-2.xls} is
ideal for solving this problem. See Section 2.4.]

Set 2.3¢
2. Let
x; = Dollars invested in projecti,i = 1,2,3,4
y; = Dollars invested in bank in year j,j = 1,2,3, 4
Maximize z = y; subject to
X+ x + x, + y = 10,000
Sxp + 6xy — x3 + 4xg + 1065y — =0
3xp + 2xy + 8x3 4+ 6x4 + 1065y . — 3 =0
1.8%; + 1.5xp + 1943 + 1.8x5 + 1.065y; — y4, =0

1.2x; + 13x3 + Bx3 + 95x4 + 1.065y; — ys =0

X1y X2 X3 Xdy Y15 Y2, ¥3. Y4 Vs =0
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Optimum solution:
xy =0, x, = $10,000, x5 = $6000, x4 = 0
yi =0,y =0,y = 36800, y, = §33,642
z = $53,628.73 at the start of year 5
5. Let x;, = amount invested in year i using plan 4, = 1,2,3

X;p = amount invested in year { using plan B,i = 1,2, 3
Maximize z = 3x,5 + 1.7x34 subject to

X34 + x5 = 100 (start of year 1)
=17x;4 + x4 + x5 =0 (start of year 2)
—3x15 — L7x34 + x3, = 0 (start of year 3)
Xiq, g =0,i =1,2,3

Optireum solution: Invest $100,000 in plan A4 in year 1 and $170,000 in plan B in
year 2. Problem has alternative optima.

Set 2.3d

3. Let x; = number of units of productj,7 = 1,2,3
Maximize z = 30x; + 20x, + 50x; subject to

2x + 3xy +  Sx3; = 4000

dx; + 2x, + Tx3 = 6000

x; + 35x, + 33x3 = 1500
2%, = 3x, =0
Sx; —2x3 =0

x; = 200, x, = 200, x5 = 150
Xy, X2, %3 = 0
Optimum solution: x, = 324.32, x; = 216.22, x3 = 540.54,z = $41,081.08
7. Let x; = Quantity produced by operationiinmonth j,i = 1,2, =1,2,3

{;; = Entering inventory of operation i inmontk j,i = 1,2,j = 1,2,3
) .
Minimize z = 3, (cyyxy; + cox; + .20y + 415) subject to
j=1

'lel = 800, .6,1'12 = 700, .6.{13 = 550
8xy = 1000, 81y, = 850, 8xy = 700
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Xyt oy = xgp ¥ Ly xgp + Loy = dp + 1y j = 1,2,3
Iy = I = 0, all variables = 0
d; = 500,450,600 forj = 1,2,3
¢ = 10,12, 11forj = 1,2,3
c; = 15,18,16forj = 1,2,3

Optimum: x;; = 1333.33 units, x;3 = 216.67, x3; = 1250 units, x,5 = 300 units,
z = $39,720.

Set 2.3e

2. Let x; = b of screws/package, x;, = Ib of bolts/package, x, = 1b of nuts/package,
x,, = lb of washers/package
70

Minimize z = 1.1x, + 1.5x, + (@)xn + (;—?)xw subject to

b y=x.+ x, + x, + x,

: y=1,x = ly,x = 25y,x, = 15y, x, = 1y
()50 = 2 ()50 = 0

All variables are nonnegative

g Solution: z = $1.12, y = 1, x, = 5, x, = 25, x, = 15,x, = 1

i 5. Let x4 = bbl of crude A/day, xz = bbl of crude B/day, x, = bbl of regular/day
'% x, = bbl of premium/day, x; = bbl of jet fuel/day

J’ Maximize z = S0(x, — 57} + 70(x, — 55} + 120(x; = s})

1 — (10s; + 15s, + 20s7 + 2s7 + 35, + 45])

L — (30x, + 40xz) subject to

X4 = 2500, x5 = 3000, x, = 2x, + 25x5, x, = x4 + 3xg,x; = 25x, + 1xg
x, + 5, =57 =500,x, + 5, — 5, =700, x; + 57 — 57 = 400, All variables = 0
J Solution:

{ z = $21,852.94, x4 = 1176.47 bbl/day, x5 = 1058.82, x, = 500 bbl/day

x, = 43529 bbl/day, x; = 400 bbl/day, s, = 264.71

é Set 2.3

i
i
H
‘1

1. Let x,(y;) = Number of 8-hr (12-hr) buses starting in period i
6 6
Minimize z = ZEx; + 35 Ey; subject to
i=1 =
ntxstyntystryzdatuntytntyzs,

x2+x3+y]+y2+y3_>:10,x3+x4+y2+y3+y427,
XgF Xg+ y3+ yat ys =12, x5+ x5+ y4+ ys + yg=4



760 Appendix C Partial Answers to Selected Problems

All variables are nonnegative

Solution: x; = 4,x, = 4, x, = 2, x5 = 4, y3 = 6,all others = 0, z = 49.

Total number of buses = 20. For the case of 8-hr shift, rumber of buses = 26 and
comparable z = 2 X 26 = 52. Thus, (8-hr + 12-hr) shift is better.

5. Let x; = Number of students starting in period i {{ = 1 for 8:01 AM.,{ = 9 for
4:01 P.M.)
Minimize z = x; + x, + X3 + x4 + x5 + X7 + x5 + xg subject to
x122,x1+x222,x1 +XZ+X3E3,
Xp 4+ X3+ xg = 4, x5+ x4 = 4, x, + x5 =3,
x6+x723,x6+x7+x323,x7+x3+x923

x5 = 0, all other variables are nonnegative

Solution: Hire 2 at 8:01, 1 at 10:01,3 at 11:01, and 3 at 2:01. Total = 9 students

Set 2.3g

1 (a) 1150L ft?
(b) (3,0,0), (1,1,0), (1,0,1), and (0,2,0) with respective 0, 3, 1, and 1 trim loss per
foot.
(c) Number of standard 20’-rolls decreased by 30.
(d) Number of standard 20’-rolls increased by 50.

6. | g1 || Ty
|
|

|
I
| r —p | , |
I ) | 82 1 Y2 2 i
I r3 ! £3 }J’3|
| 2.2 minutes |

Let g;, v;, and r; be the durations of green, yellow, and red lights for cars exiting
highway i. All ime units are in seconds. No cars move on yellow.

maximize z = 3{500/3600)g, + 4(600/3600)g, + 5(400/3600)g- subject to

(500/3600)g, -+ (600/3600)g, + (400/3600)gs = (510/3600)(22 X 60 — 3 X 10}
§1+1 82t g +3X10=x22X60,g =258 =258;=125

Solution: g, = 25 sec,, g, = 43.6 sec., g3 = 33.4 sec. Booth income = $58.04/hr

Set2.4a
2. (d) See file solver2.4a-2(d).xls in folder AppenCFiles.

Set 2.4b

2. (c) See file ampl2.4b-2(c).txt in folder AppenCFiles.
(f) See file ampl2.4b-2(f).txt in folder AppenCFiles.
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Set 3.1a

1. 2 tons/day and 1 ton/day for raw materials M1 and M2, respectively.
4. Let x; = units of product i produced on machine j.
Maximize z = 10(x;; + x33) + 15(xy + xo3) subject (0

Xntxy —X2 ~xn t5 =35
—xn—x21+x12+x22+52=5
X1 + Xy + 54 = 250

i xi; = 0, foralliand

Set 3.1b

3. Let x; = units of product j,j = 1,2, 3.
Maximize z = 2x; + 5xy + 3x3 — 15x — 10x3
subject to

2x, 4+ xp + 2x3 + x5 — x5 = 80
Xy + X9+ 2x3 + x5 — X3 =65

- 4 = 4
X1, X9, X3, Xy, X4, X5, X5 = 0

Optimum solution: x, = 65 units, x5 = 15 units, all others = 0,z = §325.

Set 3.2a

L (¢c)x = g,xz =3,7=7
(e) Corner points (x; = 0, x, = 3) and (x; = 6, x, = 0) are infeasible.
3. Infeasible basic solutions are:

(xux2) = (5.3} (xux) = (8,-2)
(x1, x4} = (6, —4), (32, x3) = (16, —26)
(x2, xa) = (3, —13), (x3, x4) = (6, —16)

Set 3.2a

761

3. (a) Only (A, B) represents successive simplex iterations because corner point A
and B are adjacent. In all the remaining pairs the associated corner points axe
not adjacent.

{b) (i) Yes. (ii) No, C and I are not adjacent. (iii) No, path returns to a previous
corner point, 4.
5. (a) x;enters at value 1, z = 3 at corner point D.
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Set 3.3b
3
New basic vanabie x| X3 Bnox
Value 1.5 1 0 8
Leaving variabie xy X7 Xz  Xs

6. (b) x5, x5, and xs can increase value of z. If x; enters, xg leaves and
Az =5 X 4 = 20. If x5 enters, x; leaves and Az = 0 because x5 equals § in
the new solution. If x4 enters, no variable leaves because all the constraint
coefficients of xg are less than or equal to zero. Az = o0 because x; can be
increased to infinity without causing infeasibility.

9. Second best value of z = 20 occurs when s, is made basic.

Set 3.4a
3. (a) Minimize z = (8M — 4)x; + {(6M — 1)x, — Ms, — Msy = 10M
(b) Minimize z = (3M — 4)x; + (M — 1)x; = 3M
6. The starting tableau is

Basic Xy Xy Xy X4 Solution
z -1 -12 0 0 -8
X3 1 1 1 0 4
X4 1 4 ] 1 8

Set 3.4h

1. Always minimize the sum of artificial variables because the sum represents the
amount of infeasibility in the problem.

7. Any nonbasic variable having nonzero objective coefficients at end of Phase I
cannot become positive in Phase II because it will mean that the optimal objec-
tive value in Phase I will be positive; that is, infeasible Phase I sotution.

Set 3.5a
1. (a) A2 B—>C—D.
(b) latA, 1atB,C4 =6atC and1atD.
Set 3.5b
1. Alternative basic optima: (0, 0, %), (0,5,0), (1, 4, %) Nonbasic alternative optima:

(a3,5a2 + 4a3,l_,?a1 + %a3), ot +toy=10=g=<1,i=1223
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Set 3.5¢

2. (a) Solution space is unbounded in the direction of x,.

(b) Objective value is unbounded because each unit increase in x, increases z
by 10.

Set 3.5d

1. The most that can be produced 1s 27 units.

Set 3.6a
2. Let
x; = number of Type 1 hats per day
xy = number of Type 2 hats per day
Maximize z = 8x; + S5x, subject to
2x1 + xp = 400
x = 150, x, = 200
X, % =0
{a) See Figure C.4: x; = 100, x, = 200, z = $1800 at point B.
{b) $4 per Type 2 hat in the range (200, 500).
{c) No change because the dual price is $0 per unit in the range (100, c0).
(d) $1 worth per unit in the range (100, 400). Maximum increase = 200 Type 2.
Set 3.6b

L (a0=g=2

(b) New & = 1. Solution remains unchanged.

Xy FIGURE C.4

(0, 200)

(100, 200) optimum
{150, 200)

(150, 100)

(150,0)

(Q, 400)

LI TR | I
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Set 3.6¢

2.

11.

(a) Yes,because additional revenue per min = $1 (for up to 10 min of overtime)
exceeds additional cost of $.83/min.

(b) Additional revenue is $2/min (for up to 400 min of overtime} = $240 for 2 hr,
Additional cost for 2 hr = $110. Net revenue = $130.

(¢} No,its dual price is zero because the resource is already abundant.
(d) D = 10 min. Dual price = $1/min for D| = 10.x, = 0, x; = 105, x5 = 230,
netrevenue = ($1350 + $1 X 10 min) — (3 X 10 min) = $1353.33.

(e} Dy = —15. Dual price = $2/min for D, = —20. Decrease in revenue = $30.
Decrease in cost = $7.50. Not recommended.

Let
x; = radio minutes, x, = TV minutes, x; = newspaper ads
Maximize z = x; + 50x, + 10x; subject to
15x; + 300x; + 50x3 + 51 = 10,000, x5 — S, = 5,
X1+ 853 =400, —x) + 2x9 + 54 =0, x|, X3, X3 = 0,
51,82, 853, 54 = 0

(a) x; = 59.09 min, x, = 29.55 min, x3 = 5Sads, z = 1561.36

(b) From TORA, z + .158s, + 2.8795, + 0s; + 1.364s, = 156.364. Dual prices
for the respective constraints are .158, —2.879, 0, and 1.36. Lower limit set
on newspaper ads can be decreased because its dual price is negative
{= —2.879). There is no advantage in increasing the upper limit on radio
minutes because its dual price is zero (the present limit is already abundant).

{¢) From TORA, x;, = 599091 + 00606D, = 0, x; = 5, s; = 340.90909 +
00606D, = 0, x, = 29.54545 + .00303D, = (. Thus, dual price = .158 for
the range —9750 = D = 56,250. A 50% increase in budget (D; = $5000) is
recommended because the dual price is positive.

(a) Scarce: resistor and capacitor resource; abundant: chip resource.

(b) Worths per unit of resistor, capacitor, and chips are $1.25, $.25, and $0.

(e) Change Dy = 350 — 800 = —450 falls outside the feasibility range Dy =
—400. Hence problem must be solved anew.

13. (b) Sclution x; = x, =2 + %isfeasible foralA > 0. For0 <A =3,r, + rp=
£ < 1= feasibility confirmed. For 3 = A < 6,r; + r, =% > 1= feasi-
bility not confirmed. For A > 6, the change falls outside the ranges for D,
and D,
Set 3.6d

2. (a) x; = Cans of Al, x; = Cans of A,, x5 = Cans of BK.

Mazximize z = 80x; + 70x, + 60x; subject to

hat
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Xpt xp ¥ x5 = 500,x1 = 100, 4x, — 2%y — 2x3 = 0

Optimum: x;, = 166.67, x, = 333.33, x3 = 0, z = 36666.67.
(b) From TORA, reduced cost per can of BK = 10. Price should be increased by
more than 10 cents.

(¢) d, = d3 = d3 = ~5 cents. From TORA, the reduced costs for the nonbasic
varnables are
x3:10 + dy — dy = 0, satisfied
512 73.33 + .67d, + .33d; = 0, satisfied
53 1.67 — 17d, + 17d, = 0, satisfied

Solution remains the same.
5. (a) x; = Number of units of motori,i = 1,2, 3, 4.
Maximize z = 60x; + 40x, + 25x3 + 30x,4 subject to

le + SXZ + 4x3 + 6X4 = 800{], X = 500, Xy = 500,

x3 = 800, x4 = 750, x|, X3, X3, x4 = 0

Optimum: x; = 500, x, = 500, x3 = 375, x, = 0,z = $59,375

(b} From TORA, 8.75 + d; = (. Type 2 motor price can be reduced by up to
$8.75.

(c) d), = ~815,d, = —810,d; = —$6.25,d, = —§7.50. From TORA,

x4 7.5 + 1.5dy — dy = 0, satisfied
511 6.25 + 25d; = 0, satisfied

55: 10 — 2d;3 + dy = 0, satisfied
$3:8.75 — 1.25d3 + d, = 0, satisfied

Solution remains the same, but z will be reduced by 25%.
(d) Reduced cost of x4 = 7.5. Increase price by more than $7.50.

Set 3.6e

5. The dual price for the investment constraint x; 4 + x5 = 100 is $5.10 per dollar

invested for any amount of investment.

9. (2) Dual price for raw material A is $10.27. The cost of $12.00 per Ib exceeds
the expected revenue. Hence, purchase of additional raw material A is not
recommended.

(b) Dual price for raw material B is $0. Resource is already abundant and no ad-
ditional purchase is warranted.
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CHAPTER &2
Set 4.1a

2. Let yy, v5, and y;3 be the dual variables.
Maximize w = 3y; + 5y, + 4y, subject to

Y1+ 2y + 3y; 15,2y, — 4y, + y3 = 12
y1 = 0, y, = 0, y; unrestricted

4. (¢} Let y; and y, be the dual variables.
Minimize z = Sy, + 6y; subject to

2y1 +3y=Lyi—y=1
Y1, ¥, unrestricted

5. Dual constraint associated with the artificial variables is y;, = —M.

Mathematically, M — 00 = y = —oco, which is the same as y, being unrestricted.

Set4.2a

1. (a) AV, is undefined.
(e) VoA = (—14 -32)

Set4.2b

O CENA D= L

1. (a) Inverse =

|
Il Bufin Bl B —
[ I o B o
- D OO

f

Set 4.2¢
3. Let y; and y, be the dual variables.
Minimize w = 30y, + 40y, subject to
yi+ y2= 35,5y — Sy, = 2,2y — 6y, =3
¥ = —M(= y unrestricted}, y, = 0
Solution: Y1 = 5, y2 = 0, w = 150.

6. Let y, and y, be the dual variables.
Minimize w = 3y, + 4y, subject to

ntyzliyn-ypzinz3
¥y, unrestricted

Solution: y; =3, y, = -1, w =35

LAY AR
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8. (a) (x1,x2) =1(3.0),z=15(y,y2) = (3,1), w = 14. Range = (14, 15)
9. (a) Dual solution is infeasible, hence cannot be optimal even though z = w = 17.
Set4.2d

2. (a) Feasibility: (xy, x4) = (3, 15) = feasible.
Optimality: Reduced costs of (x1, x3} = (0, 2) = optimal.

4,
Basic X X3 X3 X4 Xs Sojution
z 0 0 -2 -3 0 iz
X 1 0 -2 ! 0 2
x) 0 b : -3 0 §
xs 0 0 -1 1 1 0

Solution is optumal and feasible.
7. Objective value: From primal, z = ¢1x; + ¢3xy, and from dual, w = byy; +
bzyl + b3}‘3.b1 = 4,b2 = 6,b3 = 8,0{ = 2,C2 =5=z=w=34

Set 4.3a

2. (a) Let (x, x3, x3, x4) = daily units of SC320, SC325, SC340, and SC370
Maximize 7 = 9.4x; + 10.8x, + 8.75x3 + 7.8x4 subject to

10.5x; + 9.3x, + 11.6x, + 8.2x, = 4800
20.4x, + 24.6x, + 17.7x; + 26.5x, =< 9600
32x, + 2.5x + 3.6x; + 5.5x; < 4700
Sxi+ Sx+  Sxy; 4+ 5x; = 4500
x; = 100, x, = 100, x5 = 100, x, = 100
(b) Only solc)ler'mg capacity can be increased because it has a positive dual price
(=.4944).

(¢) Dual prices for lower bounds are =0 (—.6847, —1.361, 0, and —5.3003), which
means that the bounds have an adverse effect on profitability.

(d) Dual price for soldering is $.4944/min valid in the range (8920, 10201.72),
which corresponds to a maximum capacity increase of 6.26% only.

Set4.3b

2, New fire truck toy is profitable because its reduced cost = —2.

3. Parts PP3 and PP4 are not part of the optimum solution. Current reduced costs
are .1429 and 1.1429. Thus, rate of deterioration in revenue per unit is $.1429 for

PP3 and $1.1429 for PP4.
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Set 4.4a

1. (b) No,because point £ is feasible and the dual simplex must stay infeasible until
optimum is reached.
4. (c) Add the artificial constraint x; = M. Problem has no feasible solution.

Set 4.5a

4. Let QO be the weekly feed in Ib (= 5200, 9600, 15000, 20000, 26000, 32000, 38000,
42000, for weeks 1, 2, ..., and 8). Optimum solution: Limestone = .028Q),
corn = .649Q), and soybean meal = .323Q). Cost = .81221Q.

Set 4.5b

1. (a) Additional constraint is redundant.

Set 4.5¢

2, (a) New dual values = (% 0,0, 0). Current solution remains optimal.

(c) New dual values = (—4,%,0,0). z — .125s, + 2755, = 13.5. New solution:
Xy =2, x,=2,x3 =4,z =14.

Set 4.5d

L5y +3y;, +y3) —3=0Fory, =1,y,=2,and y; = 0, p = 42.86%.
3. (a) Reduced cost for fire engines = 3y; + 2y, + 4y; — 5 = 2 > 0. Fire engines
are not profitable.

CHAPTER 5

Set 5.1a

4. Assign a very high cost, M, to the route from Detroit to dummy destination.
6. (aand b) Use M = 10,000. Solution is shown in bold. Total cost = $49,710.

1 2 3 Supply
600 700 400
Plant 1
. 25 25
320 300 350
Plant 2
| 23 17 40
500 480 450
Plant 3
S 25 5 30
1000 1000 M
Excess
Plant 4 3 | s
Demand 36 42 30

(c) City 1 excess cost = $13,000.

PSR N N S, U
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9. Solution (in million galions) is shown in bold. Area 2 will be 2 million gallons
short. Total cost = $304,000.

Al A2 Ad Supply
12 18 M
Refinery 1
4 2 6
30 10 8
Refinery 2
4 1 5
20 25 12
Refiaery 3
6 6
M 50 50
Dummy
2
Demand 4 8 7

Set5.2a

2. Total cost = $804. Problem has alternative optima.

Sharpening service

Day New Overnight 2-day 3-day Disposal
Morday 24 ] 6 18 ¢
Tuesday 12 12 0 0 0
Wednesday 2 14 0 0 0
Thursday 0 0 20 0 ¢
Friday 0 14 0 0 4
Saturday 0 2 0 0 12
Sunday 0 0 0 0 22

5. Total cost = $190,040. Problem has alternative optima.

Period Capacity Produced amount Detivery

1 300 500 400 for (period} 1 and 100 for 2
2 600 600 200 for 2,220 for 3, and 180 for 4
3 200 200 200 for3

4 300 200 200 for 4

Set 5.3a

1. (a2) Northwest: cost = $42. Least-cost: cost = $37. Vogel: cost = $37.

Set 5.3b

5. (a) Cost = $1475.
(b) Ciz = 3, €13 = 8: Cy3 = 13} C3y = 7.
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Set 5.43

5. Use the code (city, date) to define the rows and columns of the assignment prob-
lem. Example: The assignment (D, 3)-(A,7) means leaving Dallas on Jun 3 and
returning from Atlanta June 7 at a cost of $400. Solution is shown in bold.
Cost = $1180. Problem has alternative optima.

AT Ay (A1) (A28

(D,3) 400 300 300 280
(D,10) | 300 400 300 300
(D,17) | 300 300 400 300
(D,25) | 300 300 300 400

6. Optimum assignment: I-d, I1-c, Ill-q, IV-b.

Set 5.5a
4. Total cost = §1550. Optimum solution summarized below. Problem has alterna-
tive optima.
Store 1 Store 2 Store 3
Factory t 50 0 0
Factory 2 50 200 50
CHAPTER 6
Set6.1a

1. For network (i): (a) 1-3-4-2. (b) 1-5-4-3-1. (c and d) See Figure C.5.

4, Each square is a node. Adjacent squares are connected by arcs. Each of nodes 1
and 8 has the largest number of emanating arcs, and hence must appear in the
center. Problem has more than one solution. See Figure C.6.

FIGURE C.5 ()
)
() & () FIGURE C.6

(3 () (—(0) 7]1]s]2]

Tree Spanning tree

[ PP, X
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Set 6.2a

2. (a) 1-2,2-5,5-6,6-4,4-3. Total length = 14 miles.
5. High pressure: 1-2-3~4-6. Low pressure: 1-5-7 and 5-9-8.

Set 6.3a

1. Buy new car in years 1 and 4. Total cost = $8900. See Figure C.7.

4. For arc {i, v;)-(i + 1, 2;4,), define p(g) = value(number of item i). Solution:
Select one unit of each of items 1 and 2. Total value = $80. See Figure C.8.

Set 6.3b

1. (c) Delete all nodes but 4, 5, 6, 7, and 8. Shortest distance = 8 associated with
routes 4-5-6-8 and 4-6-8.

Set 6.3¢

L. (a) 5-4-2-1,distance = 12.

4. Figure C.9 summarizes the solution. Each arc has unit length. Arrows show one-
way routes. Example solution: Bob to Joe: Bob-Kay-Rae-Kim-Joe, Largest num-
ber of contacts = 4.

Set 6.3d

1. (a) Right-hand side of equations for nodes 1 and 5 are 1 and —1, respectively, all
others = 0. Optimum solution: 1-3-5 or 1-3-4-5, distance = 90.

FIGURE C.7

FIGURE C.8
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FIGURE C.9

Set 6.4a
1. Cut1:1-2,1-4,3-4,3-5, capacity = 60.

Set 6.4b

1. (a) Surplus capacities: arc (2-3) = 40, arc (2-5) = 10, arc (4-3) = 5.
(b) Node 2: 20 units, node 3: 30 units, node 4: 20 units.
{c} No,because there is no surplus capacity out of node 1.

7. Maximum number of chores is 4. Rif-3, Mai-1, Ben-2, Kim-5. Ken has no chore.

Set 6.5a
3. See Fgure C.10.

Set 6.5b
L. Critical path: 1-3-4-5-6-7. Duration = 19.

Sat 6.5¢

3. (a) 10. (b) 5. (¢) 0.
5. (a) Critical path: 1-3-6, duration = 45 days.
(b) A,D,and E.

FIGURE C.10

e
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(c) Each of C,D, and G will be delayed by 5 days. E will not be affected.
(d} Minimum equipment = 2 units.

CHAPTER 7

Set7.1a
2. {1,0) and (0,2) are in Q,but A(1,0) + {1 — A)(0,2) = (A,2 — 2A) does not lie
mQfor0<a<L
Set 7.1b

2. (b) Unique solution with x;y > 1 and 0 < x, < 1. See Figure C.11.
(d) Aninfinite number of solutions.
(f) No solution.
3. (a) Basis because det B = —4.
(d) Not a basis because a basis must include exactly 3 independent vectors.

Set 7.1c
1.

Basic x X3 X3 Xy Solution
z 1.5 -5 0 G 21.5
X3 0 5 1 G 2
Xy 5 0 Y 1 1.5

Solution is feasible but nonoptimal.
4. Optimal z = 34.
Maximize z = 2x; + Sxysubjecttox; =4, x, =60, x; + X, =8, x, x5, =0

b FIGURE C.11
P 3 -
2 . \
.~ N\
-~ N
-7 ol \\ n>»1,0<n<l1
\
\}
1}
Pl
1 | | ] |
~2 -1 1 2 3
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Set 7.2a

1. (a) P, mustleave.
(b) B = (P,, P,) is a feasible basis.
2. For the basic vector Xz, we have

{zi— ¢} =B B—cg=cgl—cg=cg—cz=0

7. Number of adjacent extreme points &s # — m, assuming nondegeneracy.
10. In case of degeneracy, number of extreme points is less than the number of basic
solutions, else they are equal.

11. (a) new x; = 2 old x;.
(b) new x; = g old x;.
Set 7.2b
2. (b) (xy, x5, x3) = {15,2,0),z =5.

Set 7.3a
2. (b) (xq, X2, x3, x4, X5, Xg) = (0,1,.75,1,0,1),z = 22.

Set 7.4a

2. Maximize w = Ybsubjectto YA = ¢, Y = 0.

Set 7.4b

5. Method 1: (b, by, b3) = (4, 6, 8) = dual objective value = 34.
Method 2: (cy, ¢3) = (2, 5) = primal objective value = 34.
7. Minimize % = Yb subject to YA = C, Y unrestricted.

Set 7.5a
L -f=¢=1
2. (a)
Basic solution Applicable range of ¢
(x2, X3, Xg) = (5, 30, 10) 0=r=}
(%3 1) =& &, 5) %s:sg
(%2 x4 X2} = G, 15, 20) g =r =00

2 2 . - .
5 {z; = ¢hmras = (4% —%1- 22 -4 +%). Basis remains optimal for

2
0=1¢t=1.
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Set 7.5b

1. (a) tl = 10,B1 = (Pz, P3, P4)
2. Attt =0, (xy, x3, x4) = (.4, 1.8, 1). It remains basic for 0 < ¢ = 1.5. No feasible
solution for+ > 1.5.

CHAPTER 8

Set 8.1a

1. Gs: Minimize 5%, 55x, + 3.5x; + 5.5x; — .0675x, + 55 — 55 = 0.
3. Let x; = No. of in-state freshmen, x, = No. of out-of-state freshmen, x5 = No.
of international freshmen.

G; Minimize s;,i = 1,2,..., 5, subject tox; + x, + x5 + 57 — 57 = 1200,
2x; 4 X, = 2x3 + 55 ~ 535 =0, —-1dx; — .Ixy + 9x3 + 55 — 57 =0,
.125x1 - .05):2 - .556X3 + 34_ - S‘T = 0, -*.le + .SXQ - .2I3 + 55_ - 35+ =0

All variables are nonnegative
5. Let x; = No. of production runs in shift j,j = 1,2, 3.
Minimize z = 57 + s{, subject to —100x; + 40x, — 80x3 + 57 — 57 = 0,

4 = x; =510 =x,<20,3 =< x3=20

Set 8.2a

1. Objective function: Minimize z = s7 + s; + 53 + 55 + 54
Solution: x,, = .0201, x; = .0457, x, = .0582, x, = 2 cents, s3 = 1.45
Gasoline tax is $1.45 million short of goal.
4. x, = 1b of limestone/day, x, = 1b of corn/day, x; = b of soybean meal/day.
Objective function: Minimize z = 57 + s3 + 55 + 55 + 8¢
Solution: x; = 166.08 Ib, x, = 2778.56 Ib, x3 = 3055.36 1b, z = 0. Problem has
alternative optima. All goals are satisfied but goals 3 and 4 are overachieved.
7. x; = No. of units of product j,j = 1,2.
Assign a relatively high weight to the quota constraints.
Objective function: Minimize z = 100s] + 100s; + s3 + 53
Solution: x; = 80, x, = 60, 53 = 100 minutes, sy = 120 minutes.
Production quota can be met with 100 minutes of overtime for machine 1 and 120
minutes of overtime for machine 2.

Set 8.2b

2. G, solution: x, = 01745, x; = .0457, x, = .0582, x, = 21.33, s; = 19.33, all
others = (. Goals G4, G,, and Gj are satisfied. G4 is not.
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G4 problem: Same constraints as Gy pluss7 = 0,55 = 0,55 = 0.
G, solution:” x, = .0201, x; = 0457, x, = 0582, x, = 2,5} = 145. All other
variables = 0. Goal G is not satisfied.

G5 problem: Same as G, plus s§ = 0.
GS solution: Same as G, which means that goal 5 cannot be satisfied {s3 = 1.45).

CHAPTER 9
Set 9.1a
3. x; = No. of bottles of type i assigned to individual j, where i = 1 (full), 2 (half

10.

full), 3 (empty).
Constraints:

xntxptrxg=Txy txptan=Tx3 +txp+xp=7
X3 + ..SIH = 35, X1z + 'SxZZ = 35, X3 + .SXB =35
xy + X9y -+ Xy = 7,x]2 + Xyt Xy = 7,I13 + Xg3 + X33 = 7

All x;; are nonnegative integers
Solution: Use a dummy objective function.

No, bottles assigned to individual

Status 1 2 3 :

Full 1 3 3
Half full 5 1 1 :
Empty 1 3 3 )

y = Original sum of money. x; = Amount taken onnightj,j = 1,2, 3.

xg = Amount given to each mariner by first officer.

Minimize z = ysubjectto3x; — y =2, x; +3x, —y=2, %+ xp + 3x3 — y=
2,y — x; — x3 — x3 — 3x4 = 1. All vaniables are nonnegative integers.
Solution:y = 79 + 81ln,n =0, 1,2, ...

Side 1: 5, 6, and 8 (27 minutes). Side 2: 1,2, 3, 4, and 7 (28 minutes). Problem has
alternative optima.

x;; = 1ifstudent i selects course j, and zero otherwise, ¢;; = associated preference
10 6

score, C; = course j capacity. Maximize z = E Zc,-jx,-f subject to
i=1j=1

6 10 .
E{xu=2,i=1,2,...,10,2x,-,scj,;'=1,2,...,6 i

Solution: Course 1:students (2,4,9), 2: (2, 8), 3:(5,6,7,9),4:(4,5,7,10),5: (1,3, 8,
10), 6: (1,3). Total score = 1775. )




S A

[ R
H .

Chapter9 777

Set 2.1b

1. Let xp =1 if route j is selected and 0 otherwise. Total distance of route {ABC,
1,2,3,4, ABC) =10+ 32 + 4 + 15 + 9 = 80 miles.
Minimize z = 80x; + 50x; + 70x3 + 52x, + 60x5 + 44x4 subject to

Gttt xg =Lty tx,txs =Lyttt tr=l,

x1+x2 +x5 = 1,XQ+I3+X4+XG-_}.- l,xj=(0,1),f0[‘allj.

Solution: Select routes (1, 4, 2) and (1, 3, 5), z = 104. Customer 1 should be
skipped in one of the two routes.
2. Solution: Committee is formed of individuals a, 4, and f. Problem has alternative
optima.
7. x, = 1lif transmitter ¢ is selected, 0 otherwise. x, = 1 if community ¢ is covered, 0
otherwise. ¢, = cost of transmitter . S, = set of transmitters covering community
¢. P; = population of community j.
15
Maximize z = Echc subject to
¢=1

.
Ex‘ =x,c=1,2,...,15, Ec,x, =15

=1
Solution: Build transmitters 2,4,5,6, and 7. All but community 1 are covered.

Set 9.1c

2. Let x; = Number of widgets produced on machine j, j = 1,2,3. y; = 1 if ma-
chine j is used and 0 otherwise. Minimize z = 2x; + 10x, + 5x5 + 300y, +
100y, + 200y3 subject to x; + x3 + x3 = 2000, x; — 600y, = O,xy — 800y, = 0,
x3 — 1200y, = 0, xy, X3, X3 = 500 and integer, yy, y2, y3 = (0, 1).

Solution: x; = 600, x, = 500, x3 = 900, z = $11,300.

3. Solution: Site 1 is assigned to targets 1 and 2, and site 2 is assigned to targets 3
and 4.z = 18.

10. x, = Number of Eastern (one-way) tickets, x, = Number of US Air tickets,
x. = Number of Continental tickets. ¢;, and e; binary variables. & and ¢ nonnega-
tive integers. Maximize z = 1000(x, + 1.5x, + 1.8x, + Se; + Se; + 10u + 7¢)
subjectto e = x/2 ¢, = x,/0,u = x,/6,andc = x/5,x, + x, + x. = 12.
Solution: Buy 2 tickets on Eastern and 10 tickets on Continental. Bonus =
39000 miles.

Set 9.1d

1. Let x;; = Integer amount assigned to square (i j). Use a dummy objective func-
tion with all zero coefficients.
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Constraints:

3
Exff = ls,/i = 1’ 2! 37 Exfj = 15‘1j = 11 2‘! 3’
i=1

X1 + X9 + X3 = 15, X1 =+ X9 -+ X3 = 15,
(X = xpp + lorx, = x5 — 1), {x3 = x;3 + Lorxy; = x5 — 1),
(X122 x5+ Lorxp = xj3 - 1), (x13 = xp + Lorxy = xp — 1),
{(x11 = x3 + Lotxy = xg — 1), (% = x3p + Lorxy < x5 — 1),

x;=1,2,...,9 foralliand;

_ 29 4
Solution: | 5 5 3
6 1 8

Alternative solutions are direct permutations of rows and/or columns.
3. x; = Daily number of units of product j.
Maximize z = 25x; + 30x, + 22x; subject to

(3x1 + 4x, + Sxy = 100) or ( 3x; +4xy + Sx3 = 90)
4x1 + 3x2 + 6x3 < 100 411 + 3)62 + 6:(3 = 120

X1, X3, X3 = 0 and integer

Solution: Produce 26 units of product 1,3 of product 2, and none of product 3, and
use location 2.

Set 9.2a*

2. (a) zZ= 6,.X1 =2,% =0
(d) z=12,x, = 0, %, = 3.
3. (a) z=1725x, =175 x,=1.
(d) 2=105,x,= 5, x =2
9. Equivalent -1 ILP:
Maximize 7 = 18y, + 36y, + 14y, + 28y, + 8yy; + 16y1 + 32y4;
subject to 15yy; + 30y + 12yy; + 24y + Tyzy + 14y5; + 28yy; = 43
All variables are binary.
Solution: z = 50, y;p = 1, y5y = 1, all others = 0. Equivalently, x; = 2,x; = 1.
The 0-1 version required 41 nodes. The original requires 29.

Use TORA integer programming module to generate the B&B tree.

i F e Bt et T s wm a4 aam oy a
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Set 9.2h

1. (a) Legitimate cut because it passes through an integer point and does not elim-
inate any feasible integer point. You can verify this result by plotting the cut
on the LP solution space.

6. (a) Optimum integer solution: (xy, x5, x3) = (2,1, 6), z = 26.

Rounded solution: (x;, x;, x3) = (3, 1, 6), which is infeasible.

Set 9.3a

1. The table below gives the number of distinct employees who enter/leave the man-
ager’s office when we switch from project i to project j. The objective is to find a
“tour” through all projects that will mimimize the total traffic.

1 2 3 4 5 6
1 - 4 4 6 6 5
2 4 e 6 4 6 3
3 4 6 — 4 8 7
4 6 4 4 — & 5
5 6 6 8 6 — 5
6 5 3 7 5 5 —

Set 9.3c
2. See Figure C.12.

FIGURE C.12

z=26
(1-3~1)
(2-4-2)
(5-6-5)
=0 x;3 =0
@
Fathomed z=16
by z (1~2—d4~3-1)

at (3) (5~6-5)

X586 = 0
3
Fathomed =7
by z -5-6-2-
at @ 4-3-1)
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CHAPTER 10

Set 10.1a

1. Solution: Shortest distance = 21 miles. Route: 1-3-5-7.

Set 10.2a

3. Solution: Shortest distance = 17. Route: 1-2-3-5-7.

Set 10.3a

2. (a) Solution: Value = 120. (my, my, my) = (0,0, 3), (0,4,1),(0,2,2), or (0,6, 0).

5. Solution: Total points = 250. Select 2 courses from I, 3 from 1, 4 from I, and 1
from IV,

7. Let x; = 1 if application j 15 accepted, and O otherwise. Equivalent knapsack
model is
Maximize z = 78x; + 64x, + 68x; + 62x, + 85x; subject to

Txy + dxy + 6x3 + 5x4 + 8x5 = 23,x; = (0,1),j = 1,2,...,5
Solution: Accept all but the first application. Value = 279.

Set 10.3b

1. (a) Solution: Hire 6 for week 1, fire 1 for week 2, fire 2 for week 3, hire 3 for week 4,
and hire 2 for week 5.

3. Solution: Rent 7 cars for week 1, return 3 for week 2, rent 4 for week 3, and no
action for week 4.

Set 10.3¢

2. Decisions for next 4 years: Keep, Keep, Replace, Keep. Total cost = $458.

Set 10.3d

3. (a) Let x;and y; be the number of sheep kept and sold at the end of period i and
define z; = x; + y;

fa(za) = max{p.y.}

=T
fiz} = max{py; + frr1(2z; — 2y}, i=1,2,...,n— 1
W=y
CHAPTER 11

Set 11.3a

2. (a) Total cost per week = $51.50.
(b) Total cost per week = $50.20, y* = 239.05 lb.
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4. (a) Choose policy 1 because its cost per day is $2.17 as opposed to $2.50 for
policy 2.
(b) Optimal policy: Order 100 units whenever the inventory level drops to 10 units.

Set11.3b

2. Optimal policy: Order 500 units whenever level drops to 130 units. Cost per
day = $258.50.

4. No advantage if TCU,(y,,) = TCU,(g), which transtates to no advantage if the
discount factor does not exceed .9344%.

Set 11.3c
1. AMPL/Solver solution: (y), ¥2, ¥3. Ys, ¥s) = (4.42,6.87,4.12,7.2,58), cost =
$568.12,
4. Constraint: E% = 150.
L i
Solver/AMPL  solution: (i, ¥o, ¥3, ¥4) = (155.3,118.82, 74.36, 90.09), cost =
$54.71.
Set 11.4a

1. (&) 500 units required at the start of periods 1,4,7, and 10.

Set 11.4b

3. Produce 173 units in period 1, 180 in period 2,240 in period 3, 110 in period 4, and
203 in period 5.

Set 11.4c

1. (a) No, because inventory should not be held needlessly at end of horizon.
by () 0=z =51==s50=g=S4x=41=x5<60<x =4
(i) S=z,=140=22=90=22=5x=0,0=x=<90=< x; =5
2. (a) z1 = 7,2, =0,23 = 6,z = 0. Total cost = $33.

Set 11.4d

1. Use initial inventory to satisfy the entire demand of period 1 and 4 units of
period 2, thus reducing demand for the four periods to 0,22, 90, and 67, respec-
tively. Optimal solution: Order 112 units in period 2 and 67 units in period 4. Total
cost = $632.

Set 11.4e

1. Solution: Produce 210 units in January, 255 in April, 210 in July, and 165 in
October.
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CHAPTER 12

Set 12.1a

1. (a) .15 and .25, respectively. (b) .571. (c) 821
2. n =23
3. n>253. \

Set 12.1b
5
3. 5
4. Let p = probability Liz wins. Probability John wins is 3p, which equals the prob-

ability Jim will win. Probability Ann wins is 6p. Because one of the four wins,
p+3p+3p+3p+6p=1

3
(a) 1—3
7
(b) IER
6
(C) E
Set 12.1¢
3. (a) .375. (b) 6.
7. .9545.
Set 12.2a
2. (a) K =20.
3. P{Demand = 1100} = 3.
Set 12.3a
3. (a) P{50 = copiessold = 70} = .6667.
{b) Expected number of unsold copies = 2.67
(c} Expected pet profit = $22.33
Set 12.3b

1. Mean = 3.667, variance = 1.556.

Set 12.3¢
1 (a) P(xl = 1)=P(I2 = 1) = .4,P(x1 =2) =P(X2=2) = .2,P(xl =3)=
P(x,=3)= 4
(b} No, because P(x;, x3) # P(x1)P(x2)-

T L YR E PR S
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Set 12.4a

()
3. .0547.

Set 12.4b

1. .8646.
3. (a) P{n =0} =0.
(b) P{n=3);:1.
Set 12.4c

1. A = 12 arrivals/min. P{t = 5Ssec} = .63.

Set 12.4d
2. .001435.

CHAPTER 13

Set 13.1a
1. Weights for A, B, and C = (.44214, .25184, .30602).

Set 13.1b

2. CR > .1 for all matrices except A. (ws, wy, Wy ) = (331, .292,.377). Select Maisa.
4. All matrices are consistent. (wy, wp) = (502, .498). Select H.

Set 13.2a

2. (a) See Figure C.13.

{b) EV(corn) = —$8250, EV(soybeans) = $250. Select soybeans.
6. (a) See Figure C.14.

(b) EV(game) = —8$.025. Do not play the game.

FIGURE C.13
U 25 3000

g

Corn 3 $0
:| D4 _g35000
[ U 25 $50,000
Soybeans /|:S 30 ¢
| D A5 —$5000
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125(HHH)

$3.50
125(HHT) $1.15
125(HTH) 590
ABET) o0

Play f ’
/ 125(THH) $1.15
ABTHT)  _gq99
E] ABATH) g 99
AB(TID ¢339

FIGURE C.14 Do not play 30

12. Optimum maintenance cycle = 8 years. Cost per year = $397.50.
15. Optimum production rate = 49 pieces per day.
19. Level must be between 99 and 151 gallons.

Set 13.2b
2. Let z be the event of having one defective item in a sample of size 5.
Answer: P{Alz} = 6097, P{Blz} = .3903.
4. (a) Expected revenue if you self-publish = $196,000.
Expected revenue if you use a publisher = $163,000.
(b) If survey predicts success, self-publish, else use a publisher.
7. (b) Ship lot to B if both items are bad, else ship fot to A.

Set 13.2¢

1. (a) Expected value = $5, hence there is no advantage.
(b) For0 = x < 10,U(x) = 0,and for x = 10, U(x) = 100.
{(c) Play the game.
2. Lottery:U(x) = 100 — 100p, with U(—$1,250,000) = 0 and U($900,000) = 100.

Set 13.3a
L. (a) All methods: Study all night (action a,).
(b) All methods: Select actious a, or as.
Set 13.4a

2. (a) Saddle-point solution at {2, 3). Value of game = 4.
3. (d2<v<4.
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Set 13.4b

1. Each player should mix strategies 50-50. Value of game = Q.
2. Police payoff matrix:

100%A 50%A4-50%8 100% B
A 100 50 0
B 0 30 100

Strategy for Police: Mix 50-50 strategies 100% A and 100% B.
Strategy for Robin: Mix 50-50 strategies A and B. Value of game = $50
(= expected fine paid by Robin).

Set 13.4c¢

1. (a) Payoff matrix for team 1:

AB AC AD BC BD cD

AB 1 0 ¢ 0 0 -1
AC 0 1 0 0 -1 0
AD 0 0 1 -1 G 0
BC 0 0 -1 1 0 0
BD 0 -1 0 0 1 0
CD =1 0 0 0 0 1

Optimal strategy for both teams: Mix AB and CD 50-50. Value of the
game = 0.

3. (a) {(m, n) = (Number of regiments at tocation 1, No. of regiments at locations 2}.
Each location has a payoff of 1 if won and —1 if lost. For example, Botto’s
strategy (1, 1) against the enemy’s (0, 3) will win location 1 and lose location
2, with anet payoff of 1 + (-1} = 0. Payoff matrix for Colonel Blotto:

2,0 -1 -1 g 0
1,1 0 -1 -1 0
0,2 0 0 -1 -1
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Optimal strategy for Blotto: Blotto mixes 50-50 strategies (2-0) and (0-2), and
the enemy mixes 50-50 strategies (3-0) and (1-2). Value of the game = —.5
and Blotto loses. Problem has alternative optima.

*

CHAPTER 14

Set 14.1a

1. (a) Order 1000 units whenever inventory level drops to 537 units.

Set 14.1b

2. Solution: y* = 317.82 gallons, R* = 46.82 gallons.

3. Solution: y* = 316.85 gallons, R* = 58.73 gallons. In Example 14.1-2, y* =
319.44 gallons, R* = 93.61 gallons. Ozder quantity remains about the same as in
Example 14.1-2, but R* is smaller because the demand pdf has a smaller variance.

Set 14.2a
3. 3= p= 82
6. 32 coats.

Set 14.2b

1. Order9—xif x << 4.53, else do not order.

Set 14.3a
2. Order4.61—xif x < 4.61, else do not order.

CHAPTER 15

Set 15.1a

1. (a) Productivity = 71%.
(b) The two requirements cannot be met simultaneously.

Set 15.2a
1.
Situation Customer Server
(a) Plane Runway
(b) Passenger Taxi
(h) Car Parking space

(R TP VT R A
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Set 15.3a

1. (b) (i) A = 6 arrivals per hour, average interarrival time = éhour.
(c} (i) x = 5 services per hour, average service time = .2 hour.

3. (a) f(£) = 207 ¢ > 0.
(b) P{t > Z} = 00674,

7. Jim’s payoff is 2 cents with probability P{¢ = 1} = 4866 and —2 cents with
probability P{f = 1} = .5134. In 8 hours, Jim pays Ann = 17.15 cents.

10. (a) P{t = 4 minutes} = .4866.
(b) Average discount percentage = 6.208.

Set 15.4a

1. pp=5(1 hour) = .55951.
4. (a) po{t = 7) = 24167.
6. (a) Combined A = 3 + 2, py(r = 5) = .219.

Set 15.4b

2. (a) po(t = 3) = .00532.
(C) anl?(Ir = 1) = .9502.

5. po(4) = 37116.

8. (a) Average ordersize = 25 — 7.11 = 17.89 items.
(b) polt = 4) = 00069.

Set 15.5a

3. (a) pn=3 = .4445.
(b) pp<g = .5555.

6. (a) pj=2,j=0,1,2,3,4.
(b) Expected number in shop = 2 customers.
(© pa= 2.

Set 15.6a
L (a) Ly =1ps + 2p; + 3pg = .1917 car.
() Aot = 1263 car per hour. Average number lost in & hr = 1.01 cars.

8 8
(d) No. of empty spaces = ¢ — (L, — L;) = ¢ — Shap,+ Y, (n—¢)pn
n={

n=c+]
Set 15.6b
2. (3) Lo~ 2.

(b) Average monthly income = $50 X us = $375.
(c) Expected payment = $40 X L, = $128.
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5. (a) Po = 4.
(b) L, = car.
(¢) W, = 2.25 min.

(d) pr=y = -0036.
6. (d) No.of spaces is at least 13.

Set 15.6¢

1. P{r > 1} = .65.
5. $37.95 per 12-hour day.

Set 15.6d

L (a) py = 3654

(b) W, = 207 hour.

(c) Expected number of empty spaces = 4 — L, = 3.212.

{d) ps = .04812.

(e) 40% reduction lowers W, to about 9.6 min (g = 10 cars/hr).
4. (a) pg = 6.

(b) L, = 6.34 generators.

(c) Probability of finding an empty space cannot exceed .4 regardless of belt ca-
pacity. This means that the best utilization of the assembly department is 60%.

70 (a) 1 - ps = -962.
(0) Ast = Aps = .19 customer per hour.

Set 15.6e

2. For ¢ = 2, W, = 3.446 hour and for ¢ = 4, W, = 1.681 hour, an improvement of
over 51%.

5. Let K be the number of waiting-room spaces. Using TORA, py + p; + --- +

7. (a) pp=4 = .65772.
(e) Average number of idle computers = ,667 computer.

Set 15.6f

2. {c) Utilization = 81.8%.
(d) py + p3 + pa = 545.
4, (a) Py = 00014.
(d) Expected number of occupied spaces = L; — L, = 20.043 — .046 = 20.

(f) Probability of not finding a parking space = 1 — p,<y9 = .02467. Number of
students who cannot park in an 8-hour period is approximately 4.
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Set 15.69

2. (a) Approximately 7 seats.
(b) pnzs = .2911.

Set 15.6h

1. (b) Average number of idle repairpersons = 2.01.
(d) P{2 or3idle servers} = py + p; = .34492.
4. (a) L, = 1.25 machines.
(b) pg = 33342,
(c) W, = .25 hour.
6. A = 2 calls per hour per baby, . = .5 baby per hour,R = 5, K = 5.
(a) Number of awake babies = 5 — L; = 1 baby.
(b) ps = .32768.
(€) Pusy = 05792,

Set 15.7a

2. (a) E{t} = 14 minutes and var{t} = 12 minutes®. L, = 7.8672 cars.

4. A = 0625 prescriptions per minute, E{t} = 15 minutes, var{¢} = 9.33 minutes®.
(a) pp = .0625.
(b) L, = 7.3 prescriptions
(c) W, = 132.17 minutes.

Set 15.9a

2. Use (M/M1):(GD10/10). Cost per hour is $431.50 for repairperson 1 and $386.50

for repairperson 2.
CrA

4. (b) p=A+ 2
2|

(c) Optimum production rate = 2725 pieces per hour.

Set 15.9b

2. (a) Hourly cost per hour is $86.4 for two repairpersons and $94.80 for three.

{b) Schedule loss per breakdown = $30 X W, = $121.11 for two repairpersons
and $94.62 for three.

4. Rate of breakdowns per machine, A = 36125 per hour, ¢ = 10 per hour. Model
(MIM/3):(GD/20/20) yields L, = 70529 machine. Lost revenue = $36.60 and
cost of three repairpersons = $60.

Set 15.9¢

1. (a) Number of repairpersons = 5.
(b) Number of repairpersons = 4.
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CHAPTER 16

Set 16.1a

4. (a) P{H} = P{T} = 5.1f0 = R = .5,Jim gets $10.00. If .5 < R = 1, Jan gets

$10.00.

7. Lead time sampling: If 0 = R= 5, L =1day. if 5 <R =1L =2days.
Demand per day sampling: If 0 = R = 2,demand = OQunit. if Z2< R =9,
demand = 1 unit. If .9 < R = 1, demand = 2 units. Use one R to sample L. If
L = 1, use another R to sample demand for one day, else if L = 2, use on¢ R to
generate demand for day 1 and then another R to generate demand for day 2.

Set 16.2a

1. (a) Discrete.

Set 16.3a
4. See Figure C.15.

Set 16.3b
Lt= ——iln(l — R), A = 4 customers per hour.
Customer R t(he) Arrival time
1 — — 0
2 0.0589 0.015176 0.015176
3 0.6733 0.279678 0.294855
4 0.4799 0.163434 0.458288

2.t=a+ (b—a)R
4. Q) 0= R<2:d=0,2=R<S5:d=1,5=2R<9d=2,9=R=1:

d = 3.
9. If0=R = p,thenx = 0,else x = (largest integer = E(%l).
FIGURE C.15
A, Ay As Ag As
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Set 16.3¢

L y = —$In(.0589 X .6733 X .4799 X .9486) = .803 hour.

6. 1 = Xy + Xo + X3 + x4,wherext- =10 + 1ORDI = 1,2,3,4.
Set 16.4a

1. In Example 16.4-1, cycle length = 4. With the new parameters, cycling was not
evident after 50 random numbers were generated. The conclusion is that judi-
cious selection of the parameters is important.

Set 16.5a

2. (a) Observation-based,
(b) Time-based.

3. (a) 1.48 customers.
{b) 7.4 hours.

Set 16.6a
2. Confidence interval: 15.07 = u =< 23.27.

CHAPTER 17

Set17.1a

2. S1:Car on patrol
S2: Car responding to a cail
S3: Car at call scene
S4: Apprehension made.
S5: Transport to police station

81 s2 53 S4 83

§1 0.4 0.6 0 0 0
S2 0.1 Q.3 0.6 0 0
53 0.1 D 05 0.4 0
S4 04 0 ] 0 0.6
S5 1 0 0 0 0
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Set 17.2a

2.

s1
2
S3
S4

S5

Partial Answers to Selected Problems

Initial probabilities:

S1- S2 83 S4 $5

G 0 1 0 ¢

Input Markov chain:

S1 S2 S3 54 85

04 06 0 o 0

01 0.3 0.6 0 0

0.1 0 0.5 0.4 0

0.4 0 0 0 0.6
1 0 0 0 0

Output (2-step or 2 patrols) traosition matrix (P2)

S1
S2
53
54

8s

Absolute 2-step probabilities = (001 0 0}P?

S S2 S3 S4 835
0.22 0.42 0.36 ] o
0.13 015 048 0.24 0
0.23 0.06 0.25 62 024
0.76 0.24 o 0 0

04 0.6 0 0 0

State

Absolute (2-step)

Sl
§2
83
54
S5

0.25
0.06
025

0.2
0.24

P{apprehension, S4, in 2 patrols} = 2

Set 17.3a

1. (a) Using excelMarkovChains.xls, the chain is periodic with period 3.

(b) States 1,2, and 3 are transient, State 4 is absorbing.
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Set 17.4a
1. {(a) Input Markov chain:
S C R
) 0.8 0.2 o
C 03 0.5 0.2
R 0.1 0.1 08

Steady state probabilities:

(1, 70, w3) = {1y, Wy, 3) P

1'T1+1'T2+‘?T3=1

Output Results:

State Steady stale Mean return time
S 0.50 2.0
C 0.25 4.0
R 0.25 4.0

Chapter 17

Expected revenues = 2 X .5 + 1.6 X .25 + 4 X .25 = $1,500
(b) Sunny days will return every pgs = 2 days—meaning two days on no sunshine.

3. (a) Input Markov chain:
never some always
never 0.95 0.04 0.01
some 0.06 0.9 0.04
always 0 c.1 0.9
(b)
Qutput Results

State Steady state Mean return time
never 0.441175 2.2666728
some 0.367646 27200089
always 0.191176 5.2307892

44.12% never, 36.76% sometimes, 19.11% always

793

{c} Expected uncollected taxes/year = .12($5000 X .3676 + 12,000 X .1911)
X 70,000,000 = $34,711,641,097.07
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14. (a) State = (i, j, k} = (No. in year —2, No. in year —1, No. in current year),

i,j,k=(0or1)
Example: (1-0-0) this year links to (0-0-1) if a contract is secured next yr.

0-0-0 1-C-0 0-1-0 0-0-1 1-1-0 1-0-1 0-1-1 1-i-1

0-0-0 0.1 0 a 0.9 0 0 0 0
1-0-0 02 0 0 0.8 0 0 0 0
0-1-0 0 0.2 0 0 0 0.8 0 0
0-0-1 0 0 02 0 0 0 0.8 0
1-1-0 0 03 a 0 0 0.7 0 0
1-0-1 0 0 0.3 0 0 0 0.7 \
0-1-1 0 0 0 0 03 0 0 0.7
1-1-1 0 0 0 ] 0.5 0 0 0.5
(b)

State Steady state

0-0-0 0.014859

100 0.066865

0-1-0 0.066865

0-0-1 0.066865

1-1-0 0.178306

1-0-1 0.178306

0-1-1 0.178306

1-1-1 0249629

Expected nbr. of contracts in 3 yrs = 1{0.066865 + 0.066865 + 0.066865)
+ 2(0.178306 + 0.178306 + 0.178306)
+ 3(0.249629) = 2.01932

Expected nbr. of contractsf/yr = 2.01932/3 = (.67311

Set 17.5a
1. (a) Initial probabilities:
1 2 3 4 5
1 0 0 0 0

R S
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Input Markov chain:
1 2 3 4 5
0 3333 3333 3333 0
3333 0 3333 0 3333
3333 3333 0 0 3333
5 0 0 0 ]
0 3333 33313 3333 0

State Absolute (3-step) Steady state

1 07407 214286
2 2963 214286
3 2963 214286
4 25926 142857
5 07407 214286

(b) as = 07407
(c) s = 214286
(d) s = 4.6666.

(Ir-mN Mu
1 2 3 5
1| 2 1 1 6667 | 46666
2 1 1.625 875 3333 38333
3 1 875 1.625 3333 3.8333
4 1 5 .5 13333 3.3333
5 (a) Input Markov chain:
A B C
A 75 A 13
B 2 15 05

C A28 125 75

(b)

State  Steady state

A 394737
B 307018
C 298246

A:39.5%,B:30.7%, C:29.8%

L - L S CUNED S
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(c)

Partial Answers to Selected Problems

(1 -1 Mu
A C B
571429  3.42857 9.14286
285714 571429 8.57143
1 2 C
588235  2.35294 8.23529
470588  5.88235 1.5882

A — B:9.14 years
A — (C:8.23 years

Set 17.6a

2. {a) States: 1wk, 2wk, 3wk, Library

(b)

Matrix P;

1 2 3 lib

0 03 ] 0.7

0 0 0.1 0.9

0 0 0 1

1] 1] 0 1
a-mn! Mu
2 3 lib

1
2
3
lib
1
1 1
2 0
3 0

03 03 1 133

1 keep the book 1.33 wks on the average.

8. (a)

Matrix P:
1 2 3 4 F
1 oz o8 0 0 0
2 | o o0z o 0 0
3 0 0 025 075 0
4 0 0 0 03 07
F 0 0 0 0 1

O
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(b) r-N! Mu

1 2 3 4 F
1 125 1.282 1.333 1.429 1 5.29
2 0 1.282 1333 1.429 2 4.04
3 0 0 1.333 1.429 3 276
4 0 o G 1.429 4 1.43

(c) To be able to take Cal II, the student must finish in 16 weeks (4 transitions)
or less. Average number of transitions needed = 5.29. Hence, an average stu-
dent will not be able to finish Cal I on time.

(d) No, per answer in {c).

10. (a) states:0,1,2,3,D (delete)

Matrix P:
0 1 2 3 D
a 0.5 0.5 0 0 0
1 0.4 G 0.6 g 0
2 03 0 0 0.7 0
3 02 ] 0 0 0.8
D 0 0 0 0 H

(b) A new customer stays 12 years on the list.

=Ny Mu
0 1 2 3 D
0 |s952 2976 178 125 | © 12

1 3.952 2.976 1.786 1.25 L 9.96
2 2.619 1.3] 1.786 1.25 2 6.96

3 1.i9 0.595 0.357 1.25 3 3139

(c) 6.96 years.

CHAPTER 18

Set 18.1a

1. (a) No stationary points.
(b) Minirmum at x = 0.
(e) Inflection point at x = 0, minimum at x = .63, and maximum at x = —.63.
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4. (x3,x) = (—1,1)or (24).

Set 18.2a
1. (b) (3xy,9x;) = (2.83, —2.5) dx,

Set 18.2b

P
3. Necessary conditions: 2(x,- - f’,*) =0,i =1,2,...,n — 1. Solution is x; = X/C
i=1,2...  n3f =28VC*"
5 10 155 60

6. (b) Solution (xq, x5, x3, X4} = (—:;;, —78 54 74), which is 2 minimum point.

¥

Set 18.2¢

2. Minima points: (x4, x5, x3) = (—14.4, 4.56, —1.44) and (4.4, .44,.44).

CHAPTER 19
Set 19.1a
2. {c) x = 2.5, achieved with A = .000001.
(e) x = 2, achieved with & = .000001.
Set 19.1b

1. By Taylor’s expansion, Vf(X) = Vf(X%) + H(X — X°). The Hessian H is inde-
pendent of X because f(X) is quadratic. Also, the given expansion is exact because
higher-order derivatives are zero. Thus, Vf(X) = 0 yields X = X' — H1vf(X?).
Becauscox satisfies Vf(X) = 0, X must be optimum regardless of the choice of
initial X°.

Set 19.2a

2. Optimal solution: x; = 0,x, =3,z = 17.

4. Letw; = x; + 1,j = 1,2,3, 9 = w1y, v; = ww;. Then,
Maximize z = v, + v, — 2w; —wqy + 1
subjecttow; + vy — 2wy, ~wy; =% Inv, —lnw, —lnw, =0,

In v, — Inw; — In wy = 0, all variables are nonnegative.

Set 19.2b

1. Solution:x; = 1,x, =0,z = 4.
2. Solutiom:x; = 0,x, = 4, x5 = .7,z = —2.35.
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Set 19.2c

L. Maximize z = x; + 2x; + 5x3
subject to 2x; + 3x, + Sx3 + 1.28y = 10
9x? + 16x% — y2 =0
Txg + 5% + x3 5124, %, %, %3,y = 0

CHAPTER 20
Set 20.1a
1. See Figure C.16.

Set 20.1b

1. Case 1: Lower bound is not substituted out,

Chapter 20

42 £13 X4 X312 X34
Miaimize z 1 5 3 4 6
Node 1 1 1 = 50
Node 2 -1 1 -1 = —40
Node 3 -1 1 1 = 20
Node 4 -1 -1 = -30
Lower bound 0 30 10 10 0
Upper bound co 40 o0 o0 o)

Case 2: Lower bound is substituted out.

X'u x'13 x'za x;:a 154
Minimize z 1 5 3 4 6
Node 1 1 1 = 20
Node 2 -1 1 -1 = -4
Node 3 -1 1 i = 40
Node 4 -1 -1 = =20
Upper bound o 10 oo oc o0

FIGURE C.16

[430] [-100]  [~110] [-95)

(-125)

799
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Set 20.1c

1. Optimum cost = $9895. Produce 210 units in period 1 and 220 units in period 3.
5. Optimal solution: Total student miles = 24,300. Problem has alternative optima.

Number of students

School 1 School 2

Minority area 1 0 500
Minority area 2 450 0]
Minority area 3 0 300
Nonminority area 2 1000 0
Nonminority area 2 0 1000

Set 20.2a

1. (c) Add the artificial constraint x, = M.Then
(x1,%2) = ey(0,0) + ay(10,0) + a5(20, 10) + ag(20, M) + as(0, M)
o tataytoetoas=10=0;=12..575
2. Subproblem 1: (x;, x5) = (0, 0) + (%2, 0) + (0, 12)

Subproblem 2: {xg, x5) = B1(5, 0} + B,(50,0) + B3(0, 10) + B4(0,5)
Optimal solution: oy = a; = 0, a3 = 1=>x, =0,x, = 12

Bi = 4889, 8, = 511,83 = B, = 0=x, = 28, x5 = 0.

6. Since the original problem 1s minimization, we must maximize each subproblem.

Optimal solution: (xy, X7, X3, X5) = (g, %, 0, 20), z = 195.

CHAPTER 22

Set 22.1a

2. Solution: Day 1: Accept if offer is high. Day 2: Accept if offer is medium or high.

Day 3: Accept any offer.

Set 22.2a

1. Solution: Year 1: Invest $10,000. Year 2: Invest all. Year 3: Do not invest. Year 4:

Invest all. Expected accumulation = $35,520.
4. Allocate 2 bikes to center 1,3 to center 2, and 3 to center 3.

Set 22.3a

3. Solution: First game: Bet $1. Second game: Bet §1. Third game: Bet $1 or none.

Maximum probability = .109375.

Tmse L
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CHAPTER 23

Set 23.1a

2. Do not fertilize, fertilize when in state 1, fertilize when in state 2, fertilize when in
state 3, fertilize when in state 1 or 2, fertilize when in state 1 or 3, fertilize when in
state 2 or 3, or fertilize regardiess of state.

Set 23.2a

1. Years 1 and 2: Don’t advertise if product is successful; otherwise, advertise. Year 3:
Don't advertise.

3. If stock level at the start of month is zero, order 2 refrigerators; otherwise, do not
order.

Set 23.3a

1. Advertise whenever in state 1.

APPENDIX A
Set A3a

1. rest{i in 1..n)}:(if i<=n-1 then x{i]+x[i+1] else x[l]l+x(n))>=c[i);
Set Ada

2. See file Ada-2.txt

Set A.5a

2. Data for unitprofit must be re-read four times with convoluted ordertng of
data elements.

24 5 6 4 4
6 5 1 4 2
15 -1 41
5 0 4 1

Set A.5c

1. Error will result because members of sets paint and resource cannot be read
from the double-subscripted table RMaij.






