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IF- THEN (OR LINKED) CHOICES

If British petro stock is included in the portfolio, then Trans — Texas oil stock must
also be included

B<T (Trans-Texas & British Petro)
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Minimize Z = $16x,; + 10x,, + 1255 + 15x,5 + 14x,,
+17%,5 + 636 + 8%, + 1085+ Txy + 11x,,
+ 1xgg + disg + 5% + 12555

subject to:

55+ 5, + 5,5 <= 300

Koy + g + Xo5 <= 300

S F Xy + g = 200

S+ 5,0 + X = 100

B

Xy3H Xy - Xy Xy - X5 =0
Ny F Xy - Xy - Xy X =0
X5+ X5 - Xsg - X7 - X5 = 0

x520
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The Wilson Doors company manufacturers three styles of doors — exterior , interior
and commercial. Each door requires a certain amount of steel and two separate

production steps : forming and assembly.

EXTERIOR INTERIOR COMMERCIAL AVAILABILITY

Steel (Ib/door) 4 3 7 9,000 pounds
Forming (hr/door) 2 4 3 6,000 hours
Assembly (hr/door) 2 3 4 5,200 hours
Selling price/door $70 $110 $110

Wilson sets the following goals :

Goal 1z Achieve total sales of at least $180,000
Goal 2: Achieve exterior doors sales of at least $70,000
Goal 3: Achieve interior doors sales of at least $60,000

Goal 4: Achieve commercial doors sales of at least $35,000
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If one and only one of three projects can be selected, then the multiple choice
constraint is written as

X+ X+ Xy =1

If at most one project (and possibly none) can be selected. then the multiple choice
constraint is written as

X+ X+ XS 1

If project 1 (x,) can be selected only if project 3 (x,) is selected, then the multiple
choice constraint is written as

X;-X350

If both projects 2 (x,) and 3 (x,) or neither can be selected, then the muitiple choice
constraint is written as

X=Xy =
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the number of panels shipped from source “i” to destination “j”
if plant is build; 0 if not (i = 3,4,5)

i

MIN 350000y3 + 200000y4 + 480000y5 + 5x11 + 7x12 + 8x13 + 10x21 ......+ 11x53

st.
X1+ x12 + x13 <= 2500 (San Diego)

x21 +x22 + x23 <= 2500 (Houston)

x31 +x32 + x33 <= 10000y3 (Tulsa)

X41 + x42 + x43 <= 10000y4 (St. Louis)

51+ x52 + x53 <= 10000y5 (Portland)

X1+ x21 +x31 + x41 + x51 = 3000 (Seattle)

X12 + X22 + X32 + x42 + x52 = 8000 (Denver)

X13 +x23 + X33 + X43 + X53 = 9000 (Kansas City)
All xij >= 0 and yi binary
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Formulating a ranked goal model

Goal 1:
Goal 2:
Goal 3:
Goal 4:
Goal 5:

Achieve total sales of at least $180,000

Achieve exterior doors sales of at least $70,000

Achieve interior doors sales of at least $60,000

Achieve commercial doors sales of at least $35,000
Achieve steel usage of as close to 9,000 pounds as possible

Where lower ranked goals considered only after higher ranked goals are met :

Rank R;: Goal 1
Rank R,: Goal 5
Rank R;: Goals 2, 3, and 4
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Formulating a weighted model using the following weights :

Goal Weight

T Achieve total sales of at least $180,000
2~ Achieve exterior doors sales of at least $70,000
3~ Achieve interior doors sales of at least $60,000

e e oo

4 — Achieve commercial doors sales of at least $35,000
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Formulation of the objective function for ranked goal model:
New deviation variable
ds =amount by which the steel usage goal is underachieved

Obj:
Minimize ranked deviations = Ry(dr ) + Ry(ds ) + Ry(dy +df +d)
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Formulation of the objective function for weighted model:

Minimize total weighted underachievement of goals = 5dr + dg + dy + d¢
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70E + 1107+ 10C + d7 - df 180,000
TOE +dy - dy = 70000
107+ d; -df 60,000
10C+dg-de 35,000
AE+3I+7C 9,000
2E+41+3C 6,000
2E+31+4C 5,200
E1C.d5,dr d5. dg",

47, dr dg, dc B 4

‘amount by which the total sales goal is underachieved
‘amount by which the total sales goal is overachieved

‘amount by which the exterior doors sales goal is underachieved
‘amount by which the exterior doors sales goal is overachieved
‘amount by which the interior doors sales goal is underachieved
‘amount by which the interior doors sales goal is overachieved
‘amount by which the commercial doors sales goal is underachieved
‘amount by which the commercial doors sales goal is overachieved

(total sales goal)
(exterior doors sales goal)
(interior doors sales goal)
(commercial doors sales goal)
(steel usage)

(forming time)

(assembly time)

Minimize total underachievement of goals = d; +d +d; + d-
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= Expected Value with Perfect Information

EVwPI =$200,000 x 0.3 + $100,000 x 0.5 + $0 x 0.20
=$110,000

= Expected Value of Perfect Information

EVPI = EVwPI — Maximum EMV/
=$110,000 - $86,000 = $24,000
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EVPI = EVWPI — Maximum EMV
EVPI = Minimum EOL
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EVwPI =

(Best payoff of first outcome)

X (Probability of first outcome)

+ (Best payoff of second outcome)
X (Probability of second outcome)
+ ... + (Best payoff of last outcome)
X (Probability of last outcome)
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OUTCOMES

HIGH  MODERATE  LOW EOL FOR
ALTERNATIVES DEMAND _ DEMAND _ DEMAND _ ALTERNATIVE
Buldlargeplant  § 0§ 0 $120000 $0x03+$0x05

+$120,000% 0.2
= $24,000
Build small plant ~ $110,000  $ 50,000  § 20,000  $110,000x 0.3
+$50,000x 0.5
+520,000x 0.2
= $62,000
No plant $200,000  $100000 § 0 $200,000x0.3
+$100,000% 0.5
+50x 0.2 =$110,000
Probabilities 0.3 05 02
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EOL (Alternative i) =

(Regret of first outcome)

X (Probability of first outcome)

+ (Regret of second outcome)

X (Probability of second outcome)
+ ... + (Regret of last outcome)

X (Probability of last outcome)
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OUTCOMES

HIGH  MODERATE  LOW EMV FOR
ALTERNATIVES DEMAND _ DEMAND  DEMAND _ ALTERNATIVE
Build large plant  $200,000  $100,000 -$120,000  $200,000x 0.3
+$100,000% 0.5
+(-$120,000)x 0.2
= $86,000
Build small plant  $ 90,000  $ 50,000 -$ 20,000  $90,000x0.3
+550,000x 0.5
+(-$20,000)x 0.2
= $48,000
No plant s [ 0o s 0 $0x03+$0x05
+50x0.2=5 0
Probabilities 0.3 05 02
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EMV (Alternative i) =

(Payoff of first outcome)

X (Probability of first outcome)

+ (Payoff of second outcome)

X (Probability of second outcome)
+ ... + (Payoff of last outcome)

X (Probability of last outcome)
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Solution Procedure for ranked goal model:

Objective function — first LP model (First Stage)
Minimize rank R, deviations = d;

Objective function — second LP model
Minimize rank R, deviations = ds

(Second Stage)
Additional constraint
dr = 0 (optimal value of rank R, goal)
Objective function — third LP model
Minimize rank R, deviations = dz + d;+ d.
Additional constraints (Third Stage)

dr =0 (optimal value of rank R, goal)
(optimal value of rank R, goal)
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Negative survey results

CONDITIONAL REVISED
PROB. PRIOR  JOINT PROB
OUTCOME P(NS |OUTCOME) PROB. PROB. P(OUTCOME | NS)
High (HD) 0.033 X 030 = 0010 0.01000.43=0023
Mod. (MD) 0.467 X 050 = 0233 0.233/043=0543
Low (LD) 0.933 X 020 =087 0.187/0.43=0434
P(NS) = P(Negative Survey) = 0.430 1.000
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Positive survey results

CONDITIONAL REVISED
PROB. PRIOR  JOINT PROB.
OUTCOME P(PS|OUTCOME) PROB PROB. P(OUTCOME | PS)
High (HD) 0.967 x 030 = 0290 0.290/057=0509
Mod. (MD) 0533 x 050 = 0267 0267/057=0468
Low (LD) 0.067 x 020 = 0013 0.013/057=0.023

P(PS) = P(Positive Survey) = 0.570

1.000
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Efficiency of sample information = EMSI / EVPI
=$5,961/$24,000 = 0.2484 or 24.84%
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EVSI= (EMV of best decision with sample information,
assuming no cost to get it) = (EMV of best
decision without any information)

EVSI = $91,961 - $86,000 = $5,961
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Estimating Revised Probabilities

= Given Known Prior Probabilities
P(HD)=030 P(MD)=0.50  P(LD) =0.30

= The marketing research firm provided the following probabilties based on its
track record of survey accuracy:

SURVEY RESULT WAS|
WHENACTUAL

OUTCOME WAS POSITIVE (PS) NEGATIVE (NS)

Fiigh (FD) P(PS [HD)=29/30=0967  P(NS | AD) = 1/30 = 0.333
Moderate (MD) ~ P(PS|MD)=8/15=0533  P(NS | MD) = 7/15 = 0.467
Low (LD) P(PS|LD)=2/30 =0.067 __ P(NS | LD)=28/30 = 0933

= Here the demand is “given,” but we How do we find the revised
probabilities where the survey result is “given™?
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Criterion of Realism (Hurwicz)
= Realism payoff for alternative :

= o X (Maximum payoff for alternative)
+ (1= o) x (Minimum payoff for alternative)

= Thompson Lumber company example: Thompson'’s coefficient of
realism a = 0.45

OUTCOMES

HIGH MODERATE LOW  WTAVG FOR
ALTERNATIVES ~ DEMAND DEMAND DEMAND ALTERNATIVE

Build large plant  $200,000  $100,000 —$120,000  $24,000

Build small plant ~ $ 90,000  § 50,000 -$ 20, $29,500
No plant s 0 s 0 s s 0

Realism
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IMMEDIATE

ACTIVITY  DESCRIPTION PREDECESSORS
Ly Build internal components —
B Modify roof and floor —
c Construct collection stack A
D Pour concrete and install frame AB
E Build high-temperature burner c
F Install pollution control system c
G Install air pollution device D,E
H Inspect and test F.G
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ACTIVITY

DESCRIPTION

TIME (WEEKS)

IOTMmMOO®>»

Build internal components
Modify roof and floor

Construct collection stack

Pour concrete and install frame
Build high-temperature burner
Install pollution control system
Install air pollution device
Inspect and test

2

[N RS

Total time (weeks)





image34.png
For Critical Path Analysis (CPA), the following for each activity need to
be found:

Activity Name
or Symbol

v Earliest Start Time (EST)
v Earliest Finish Time (EFT) cariest

Time

v Latest start time (LST)
v Latest Finish Time (LFT)

start
Time
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= Identifies earliest times (EST and EFT)
= ESTRule: Allimmediate predecessors must be done before an
activity can begin
If only 1 immediate predecessor, then :
EST = EFT of predecessor
If >1 immediate predecessors, then :

EST = Max {all predecessor EFT's}

= EFT Rule: EFT = EST + activity time
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= Identifies /atest times (LST an LFT)
= LFTRule:

If activity is the immediate predecessor to only 1 activity, then :

LFT = LST of immediate follower
If activity is the immediate predecessor to multiple activities, then :

LFT = Min {LST of all immediate followers}

= LSTRule: LST = LFT — activity time
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in (LSR of E, LST of F)
Min (4, 10) =4

LFT=Min (2, 4)
=2
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= Slack is the length of time an activity can be delayed without
delaying the entire project. (It is a free time for an activity )

Slack =LST - EST or Slack = LFT - EFT

ities with O slack are Critical Activities
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Optimistic Mostlikely Pessimistic | Expected Standard
ctvity Desciption e (a) __tme (m) __tme () | _tme _Variance _deviation
A Buld intemal components 1 2 3 20 on | om
B Madify roof and floor | 2 3 4 (S0 o 033
€ Construct collection stack o1 2 3 (2 o 033
D Pour concrete andinstall frame | 2 4 & [Es 044 067
E  Buidhightemperaturebumer | 1 4 7 100 100
F  Install poliution control system | 1 2 o (NSO 178 133
G Install ai pollution device | s 4 1 (S 178 133
H_inspectandtest L1 2 s |20 [ om | om
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Minimize Z=Ey+ Eg+ Ec+Ep+ Ec+ Er+ Eg + Ey
Subject to:

Ec2E,+2
Ep2E,+2
Ey2E+3
E.2E.+2
Er2E +2 AllE 20
Eg2Ep+4
Ec2E +4
Ei2E-+3
Ey2Eq+5
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Maximize Z= Lo+ Lg+Lc+Lp+Le+Lp+Lg+Ly
Subject to:

Lozla+2

LpzLa+2

Lp2lg+3 Ly+2=15
Lezlo+2

Lizlo+2

Lozlg+4 AlL; 20
Lozl +4

Lizle+3

LyzLg+5
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Expected activity time (t): j_ardm+b

2
Variance:  o? :[b;"]

Tb-a
Standard deviation: =7
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= Project variance (0,%)
=Y (variances of all critical path activities)
=0.11+0.11+1.0+178+0.11 =3.11

= Project standard deviation (o)
= SQRT (Project variance) = 1.76
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What is the probability of finishing the project within 16 weeks?

(1) We assume:
- Project duration is normally distributed
- Activity times are independent

(2) Normal distribution parameters we found:
Hp = expected completion time= 15 weeks
o, = proj standard deviation = 1.76 weeks
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(3) Z=(Target time — expected completion time) / ap
=(16-15)/1.76 = 0.57
This means 16 weeks is 0.57 standard deviations above the mean of 15
weeks.
Finally:
Prob (project completion < 16 weeks) = 0.5 + 0.2158 = 0.7158

0.57 Standard Deviations

Probability
(T < 16 Weeks
15 0.7157

15 16 Time
‘Weeks Weeks
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Standard Form of LP problem (13 of 13)

Max Z = 40x, + 50x, + s, + s,
subject to:1x; + 2x, + s, =40
4Xy + 3%y +5,= 120
Xq, X, 81,8, 20
Where:

X1 = number of bowls
X, = number of mugs
s,, S, are slack variables

4x,+ 3%+ 5,= 120

x=0
X, =20 x,=24
5=0 X=8
5=60  5=0
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For what project duration does General Foundry have a 99% chance of
completing the project within?

Prob (project duration < o ) =0.99

From normal table or computer : Z= (1 -15)/1.76 = 2.33
Thus, 0 =15+2.33x1.76 = 19.1 weeks
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What is the value of work completed?

Value of work completed

= (% of work completed) x (total activity budget)
Are there any cost overruns?

Cost difference
= (Actual cost) — (Value of work completed)
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TOTAL VALUE OF

BUDGETED ~ PERCENT WORK ACTUAL  ACTIVITY

ACTIVITY COST COMPLETED  COMPLETED COoSsT DIFFERENCE
A $22,000 100 $ 22000 § 20000 -$ 2000
B $30,000 100 $30,000 $ 36000 $ 6,000
c $26,000 100 $ 26000 $26000 S O
D $48,000 10 $ 480 $ 6000 $ 1,200
E $56,000 20 $ 11200 $ 20000 § 8800
F $30,000 20 $ 6000 $ 4000 -$ 2000
G $80,000 0 S 0 s 0o s 0
H $16,000 0 S 0 s 0 s 0
Total  $100,000  $112,000 48 12,000

Overrun





image49.png
Steps in Project Crashing

1. Compute the crash cost per period

(Crash cost — Standard cost)
Crash cost/period = —4m8 —+———
(Standard time — Crash time)

2. Find the current critical path and critical activities
Find the lowest cost way to crash the critical path by 1 time period
Update all activity times. If further crashing is needed, return to
step 2.




image50.png
A
5
c
o
e
£
e
H

[

[V

516000

750

s1.000
s1.000
s1.000
500
s1.500





image51.png
LP Model for Crashing: GFI

De« n: How many time periods should each activity be crashed?

Minimize the total crash cost

Objective:
Decision Variables:

T, = time at which activity i starts
C; = number of periods by which activity i is crashed

Constraints:

An activity cannot begin before all immediate predecessors are complete
There is a maximum amount that each activity can be crashed
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Minimize Z = 750C, + 2000Cg + 1000C. + 1000C,
+1000C; + 500C; + 1500C; + 3000Cy

Subject to:

Te2Tp+2-Cy Cas1 Cgs2 Ces1
To2To+2-Cy Cps1 Ces2 Cest
To2Tg+3-Cy Css3  Cyst
TezTo+2-Cg

Tr2T,+2-Cg Ty+2-Cys13
TezTp+4-Cp

TozTg+4-Cg AllT, and C; 20

Tuz Te+3-C¢

TyzTs+5-Cg
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Suppose that Supply = 500 and Demand = 700; x; is “dummy” supplier

min 4x,, + 10X, + 6X,3 + 8Xy, + 16X,;
+ 6Xy5 + 145, + 18X5; + 10%5; +
0xy + 0x,; + 0xy5

St # Xy Xy S 100

X1 + X + X335 200 Supply constraints
Xaq + X35 + X335 200
X4+ Xg5 + X453 5200

Xqq + Xpq + X3+ Xy = 200
Xig * Xgz * X5 + X, = 300
Xq3 F X3+ X3+ X5 = 200
x;20

Demand constraints
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Supplier Demand

100 .; . . 200
— o0 P

,/\_<
200 ./ 200 \\. 300

Received only 100

@ °-

Total = 500 Total = 700
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k OUT of n CHOICES

The requirement that at lest two Texas companies must be in the portfolio is an
example of “ k out of n choices *

T+H+L =2 (Texas co's)
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MUTUALLY EXCLUSIVE CHOICES

Exactly one of the two California companies must be included

B+D =1 (foreign co's)

Exactly one of the two California companies must be included

S+C

(California co‘s)




