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B C D E F G H
3 TV Spots Magazine Ads SS Ads
4 Exposures per Ad 1,300 600 500
5 (thousands)
6 Budget Budget
7 Cost per Ad ($thousands) Spent Available
8 Ad Budget 300 150 100 4,000 | <= 4,000
9 Planning Budget 90 30 40 1,000 | <= 1,000
10
11 Total Exposures
12 TV Spots Magazine Ads SS Ads (thousands)
13 Number of Ads 0 20 10 17,000
14 <= |
15 Max TV Spots 5
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Investment Capital Requirements

Year Office Building Hotel SRR
Center
0 $40 million $80 million $90 million
1 60 million 80 million 50 million
2 90 million 80 million 20 million
3 10 million 70 million 60 million
Net present

el $45 million $70 million $50 million
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B C D E F G H
3 Office Shopping
4 Building Hotel Center
5 Net Present Value 45 70 50
6 ($millions) Cumulative Cumulative
7 Capital Capital
8 Cumulative Capital Required ($millions) Spent Available
9 Now 40 80 90 25 <= 25
10 End of Year 1 100 160 140 44,757 <= 45
11 End of Year 2 190 240 160 60.583 <= 65
12 End of Year 3 200 310 220 80 <= 80
13
14 Office Shopping Total NPV
15 Building Hotel Center ($millions)
16 Participation Share 0.00% 16.50% 13.11% 18.11
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Time Periods Covered by Shift

13 /D i
Time Period 1 2 3 4 5 ACHE T B
6 AM to 8 AM Vi 48
8 AM to 10 AM J J 79
10 AM to noon J J 65
Noon to 2 PM N/ J J 87
2PMto4 PM N N/ 64
4 PM to 6 PM v J 73
6 PM to 8 PM J J 82
8 PM to 10 PM J 43
10 PM to midnight J J 52
Midnight to 6 AM J 15

Daily cost per agent $170 $160 $175 $180  $195
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B C D E F G H I J
3 6am-2pm 8am-4pm Noon-8pm 4pm-midnight 10pm-6am
4 Shift Shift Shift Shift Shift
5 Cost per Shift $170 $160 $175 $180 $195
6 | | Total Minimum
7 Time Period Shift Works Time Period? (1=yes, 0=no) Working Needed
8 6am-8am 1 0 0 0 0 48 >= 48
9 8am-10am 1 1 0 0 0 79 >= 79
10 10am- 12pm 1 1 0 0 0 79 >= 65
11 12pm-2pm 1 1 1 0 0 118 >= 87
12 2pm-4pm 0 1 1 0 0 70 >= 64
13 4pm-6pm 0 0 1 1 0 82 >= 73
14 6pm-8pm 0 0 1 1 0 82 >= 82
15 8pm-10pm 0 0 0 1 0 43 >= 43
16 10pm-12am 0 0 0 1 1 58 >= 52
17 12am-6am 0 0 0 0 1 15 >= 15
18
19 6am-2pm 8am-4pm Noon-8pm 4pm-midnight 10pm-6am
20 Shift Shift Shift Shift Shift Total Cost
21 Number Working 48 31 39 43 15 $30,610
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Min Cost = $170S, + $160S, + $175S, + $180S, + $195S,

AN

6AM-8AM:Z [A] 54 1) Q2 75 4L . S, = 48
8AM—-10AM . [A] ik FRAC B 1y 4 S;+S, =179
10AM-12PM 2 [] ik FRAR B 7 4 5,06, = 6k
12PM—-2PMZ [a] S5 AR B 7o 4 S,+S,+S, =87
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12AM-6AM: [B] 4 FRACEE 7 4 - S, = 15

5,=0 (Hhi=12..5)



C D

o

FAS W 2 -1 [ iR AR
€ [ S B KT
e TSI ST, GEF A
AR GREY SRS PSNIES Ry G2 VAT
Fiff R AL 20 SE BB A

XPEERRRE, e s/ N AT RS2 K, O8I D BRI
ACis 3l o

FERH HTOHS 3 A\ 3 M5 A

. BFRE AT AR FRL TR

FHSUMPRODUCT #+583E s /K. LEAHAB I P4 T B T A%
N < DL S/ hn] 52 7K

B2 B AR T0HE .« 4 SUMPRODUCT 18 H brER 2L

VY R AT I K 2 0 B A e



RNM 2B P 28 B35 7] it
* jtlvl/\iﬂii/\:ﬁ B — RN BERINLES, Tl

o BRI MBS KR

L R T ISR 2 /b B R A I A
ﬁé{ﬁzl‘é\ EEZIK]%/J\ ?

H
iy
1o
(&
i
g
E‘Eﬁ
=X
i}
=
E
5



—JEs

—
—

2

5

A IZH A (5RT0)

To izl i 2 1253
From & H
Factory 1 $700 $900 $800 12 lathes
Factory 2 800 900 700 15 lathes
T h= 10 lathes 8 lathes 9 lathes
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10 lathes
needed

$700/lathe

s $900/lathe
$800/lathe
8 lathes
$800/lathe $900/lathe needed
15 lathes
produced

$700/lathe
9 lathes
needed
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B C D E F G H
3 Shipping Cost
4 (per Lathe)| Customer 1 Customer 2 Customer 3
5 Factory 1 $700 $900 $800
6 Factory 2 $800 $900 $700
7
8 Total
9 Shipped
10 Units Shipped| Customer 1 Customer 2 Customer 3 Out Output
11 Factory 1 10 2 0 12 = 12
12 Factory 2 0 6 9 15 = 15
13 Total To Customer 10 8 9
14 = = = Total Cost
15 Order Size 10 8 9 $20,500
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F1-c1  Sppcy = 10

F1-c2 t Spp.co = 8
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Number Reached in Target Category (millions)

Minimum
Each Each Each Acceptable
TV Commercial Magazine Ad Sunday Ad Level
Young children 1.2 0.1 0 5
Parents of young
children 0.5 0.2 0.2 5
Contribution Toward Required Amount
Each Each Each Required

Coupon redemption

TV Commercial Magazine Ad Sunday Ad Amount

0 $40,000 $120,000  $1,490,000
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B C D E F G H

3 TV Spots Magazine Ads SS Ads

4 Exposures per Ad 1,300 600 500

5 (thousands) | |

6 Cost per Ad ($thousands) Budget Spent Budget Available

7 Ad Budget 300 150 100 3,775 <= 4,000

8 Planning Budget 90 ‘ 30 ‘ 40 1,000 <= 1,000

9

10 Number Reached per Ad (millions) Total Reached Minimum Acceptable
11 Young Children 1.2 0.1 0 5 >= 5

12 Parents of Young Children 0.5 0.2 0.2 5.85 >= 5

13

14 TV Spots Magazine Ads SS Ads Total Redeemed Required Amount
15 Coupon Redemption per Ad 0 40 120 1,490 = 1,490

16 ($thousands)

17 Total Exposures
18 TV Spots Magazine Ads SS Ads (thousands)
19 Number of Ads 3 14 7.75 16,175
20 <= |
21 Maximum TV Spots 5
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3 Grade A Grade B Grade C
4 Unit Amalg. Cost $3.00 $2.50 $2.00 Total Treatment Cost| $30,000
5 Unit Selling Price $8.50 $7.00 $5.50 \ =
6 Unit Profit $5.50 $4.50 $3.50 Treatment Funds Available $30,000
7
8
9 Material Allocation Unit Total
10 (pounds of material used for each product grade) Treament Minimum Material Amount
11 Grade A Grade B \ Grade C Cost to Treat Treated Available
12 Material 1 412.3 2,587.7 0 | $3 ] 1,500 < 3,000 <= 3,000
13 Material 2 859.6 517.5 0 | $6 ] 1,000 <= 1,377 <= 2,000
14 Material 3 447 4 1,552.6 0 | $4 | 2,000 <= 2,000 <= 4,000
15 Material 4 429.8 517.5 0 $5 500 <= 947 <= 1,000
16 Total Products 2,149.1 5,175.4 0
17 Mixture
18 Mixture Specifications Percents
19 Grade A, Material 1 412.3 <= 644.7 30% of Grade A
20 Total Profit $35,110 Grade A, Material 2 859.6 >= 859.6 40% of Grade A
21 Grade A, Material 3 447 .4 <=| 1,074.6 50% of Grade A
22 Grade A, Materi‘al 4 429.8 = 429.8 ‘ 20% of Grade A
23
24 Grade B, Material 1| 2,587.7 <=| 2,587.7 50% of Grade B
25 Grade B, Material 2 517.5 >= 517.5 10% of Grade B
26 Grade B, Materi‘al 4 517.5 = 517.5 ‘ 10% of Grade B
27
28 Grade C, Material 1 0.0 <= 0.0 70% of Grade C
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M2 » A -0
) /N A
A X = MM M s (=AB,C; j=1,2,3,4) .
Max FIlil = 5.5(Xaq + Xap + Xaz + Xaa) + 4.5(Xg1 + Xy + Xg3 + Xga) + 3.5(Xcq + Xcp + X3 + Xca)
AP TR LA RN 5E < Xa; < 0.3 (Xag + Xpp + Xnz + Xny)
Xp2 = 0.4 (Xa1 + Xap + Xa3 + Xag)
Xaz < 0.5 (Xag + Xap + Xa3 + Xag)
Xpa = 0.2 (Xa1 + Xap + Xaz + Xag)
Xg1 <= 0.5 (Xgg + Xg, + X3 + Xgy)
Xgz = 0.1 (Xg1 * Xgz + Xg3 *+ Xg4)
Xgs = 0.1 (Xgy * Xy + Xg3 + Xgy)
Xe1 = 0.7 (Xep + Xcp * Xea + Xey)
ARG IR - Xay + Xgy + Xoy < 3,000
Xpo + Xgo + Xcp < 2,000
Xp3 + Xg3 + Xc3 < 4,000
Xpq + Xga + Xcq = 1,000
SR FR A B 2R . Xa1 + Xgy + Xog = 1,500
Xpp T Xgp + X = 1,000
Xp3 + Xg3 + Xc3 = 2,000
Xpq + Xgg + Xcq = 500
Ab PR AN R 2R 3(Xaq + Xgp + Xop) + 6(Xan + Xgo + Xco)

+ 4(Xa3 + Xg3 + Xca) + 5(Xag + Xpg * Xcq) = 30,000
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B C D E F G
3 Benches Tables
4 Profit $8 $18
5
6
7 Resources Used per Unit Produced Total Available
8 Labor 3 6 1,600 | <= 1,600
9 Wood 12 38 9,000 |<= 9,000
10
11 Total Cost
12 Units Produced 161.90 185.71 $4,638.10
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Navy Oranges Minimum
Milk Beans (large Calif. Daily
(gallons) (cups) Valencia) Requirement

Niacin (mg) 3.2 4.9 0.8 13.0
Thiamin (mg) 1.12 1.3 0.19 1.5
Vitamin C (mg) 32 0 93 45
Cost ($) 2.00 0.20 0.25
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X, = GHIEE )
Xy = BEVH OB

Min /& 45= $2.00x, + $0.20x, + $0.25X,

AP

Niacin: 3.2, + 4.9x, + 0.8x; = 13
mg

Thiamin:  1.12x, + 1.3x, + 0.19x, = 1.5
mg

Vitamin C:  32x, + 93x; = 45 mg
H

X, = 0,%x, =0,x; = 0.
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B C D E F G H
3 Milk Beans
4 (gal.) (cups) Oranges
5 Cost $2.00 $0.20 $0.25
6 | | Minimum
7 Nutritional Contents (mg) Total Requirement
8 Niacin (mg) 3.2 4.9 0.8 13 >= 13
Thiamin (mg) 1.12 1.3 0.19 3.438 | >= 1.5
Vitamin C (mg) 32 0 93 45 >= 45
Quantity Total Cost
(per prisoner) 0 2.574 0.484 $0.64
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George Dantzig’ s X &

Stigler (1945) “A 47 1 A
o Ak AfERTTE, Cost=$39.93.
Dantzig & B T H2i 7% (1947)
o Stigler’s [n]/B/E120 KR Nk . Cost = $39.69.
Dantzig ZIll— 4= (early 1950°s),, A7,
e < 1,500 F
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Number of
Time Period Agents Needed
12am — 4am 11
4am — 8am 15
8am — 12pm 31
12pm —4pm 17
4pm — 8pm 25
8pm — 12am 19
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& X, = 12am — 8amZ [ (PR EE 5 40
X, = 4am — 12pmZ [a] (A2 s 2
Xg = 8am — dpm.Z [A] FACBE i 45 i
X, = 12pm — 8pm_Z [H] A BE 7 £ =,
X5 = 4pm — 12am:Z [A] AR B s 2500
Xg = 8pm — dam: [A] FRACEE iy £t

Min ACHRT S = X, + X, + Xg + Xy + Xe + Xg

AP
12am—4am: x; + x5 = 11
4am-8am: x;+Xx, =15
8am-12pm: X, +x; = 31
12pm—4pm: X5+ X, = 17
4pm-8pm: X, + X; = 25
8pm-12am: X + Xz = 19

X, = 0,% =0,%x3=0,X, =0,%x =0, %, = 0.
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A B C D E F G H
1 |Reservation Agents Scheduling Problem
2
3 Time Number Minimum Number
4 Period Working Required Shift Working
5 12am S 4am 11 >= 11 12am - 8am 0
6 4am S 8am 15 >= 15 4am - 12pm 15
7 8am S 12pm 31 >= 31 8am - 4pm 16
8 12pm S 4pm 33 >= 17 12pm - 8pm 17
9 4pm S 8pm 25 >= 25 4pm - 12am 8
10 8pm SZ12am 19 >= 19 8pm - 4am 11
11 | | Total 67
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& = M EIEH PO MBS (i=AB; j=1,2,3
)

9

Min A = $4x,, + $6X,, + $4X 5 + $6X5; + $5Xg, + $2X5,

2y
ZETH] A Xpap + Xpp + Xpg < 60
4-1A] B: Xgq + Xgo + Xgz < 60
ZaN Ve EIVN Xpq + Xgy = 40
Srliir02: Xpp + Xg, = 40
gaN. Vi RPINCE Xpz T Xgz = 40

H

xijZO(i:A,B; ]=1, 2, 3).
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B C D E F G H
3 Distribution Distribution Distribution
4 Cost Center 1 Center 2 Center 3
5 Plant A $4 $6 $4
6 Plant B $6 $5 $2
7
8
9 Shipment Distribution Distribution Distribution
10 | Quantities Center 1 Center 2 Center 3 Shipped Available
11 Plant A 40 20 0 60 <= 60
12 Plant B 0 20 40 60 <= 60
13 Shipped 40 40 40 Cost =  $460
14 >= >= >=
15 Needed 40 40 40
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37.7 43.4 33.3 29.2
32.9 33.1 28.5 26.4
33.8 42.2 38.9 29.6
37.0 34.7 30.4 285
35.4 41.8 33.6 31.1
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3 Best Times Backstroke | Breastroke Butterfly Freestyle
4 Carl 37.7 43.4 33.3 29.2
5 Chris 32.9 33.1 28.5 26.4
6 David 33.8 42.2 38.9 29.6
7 Tony 37.0 34.7 304 28.5
8 Ken 354 41.8 33.6 31.1
9
10
11 Assignment Backstroke Breastroke Butterfly Freestyle
12 Carl 0 0 0 1 1 | <= 1
13 Chris 0 0 1 0 1 | <= 1
14 David 1 0 0 0 1 | <= 1
15 Tony 0 1 0 0 1 | <= 1
16 Ken 0 0 0 0 0 |<= 1
17 1 1 1 1 Time = 126.2
18 = = = =
19 1 1 1 1
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