x-Intercept (set y=0 and solvel
CEx A0 = B

Common Ramen
i ariabies
LetP=a.0f Plain
Lot 0= 0 of Delune

Formulas :-s i—
slope =-(c1/c2) \.r-xinmclem (501 =0 and solve) —
LR i—
cdy -8 .
Sensit. Analysis (CONSTRAINT CHANGE?) =

max 158 + 150
H constrainas
Sukject to:

3942 50 <o 496
274250 422800

0= 0
Pral.D30
» (reag as 2 separase

1.find slope of constraints, optimal sol. Nonnegatiity consiraints)

optimal: 2A + 3B, slope: -2/3 o
Cl: A+B<=20,slope: -1

C2: A +2B <= 30, slope: -1/2

2. solve C1 by replacing with variable

Mixed References

Relative reference: =G3
Absolute reference: =$G$3
Mixed reference: =$G3 or =G$3

FEASIBLE REGION
Deals only with constraints
DOUBLE-CHECK inequalities
On ling = BINDING CONSTRAINT

MIXED REFERENCE SELECT RED CELLS
Think about how LONG SHIFTS ARE
Green Target cell: =SUM() RED CELLS.

 THE SUPPLY is the total number of people/resources that are scheduled for that time

The DEMAND is the total number of people/resources that are NEEDED for that time

usually 1
INTEGER SOLUTION? — With other models it is okay, but for scheduling it is more iffy.

o have ineach shift ata time. Cosfficient

-1<=-(C1/3)<=-(1/2) Feasible region must satisfy
. N . EVERY CONSTRAINT
left constraint right constraint Nonnegatvity of P: O the D axis How Many Variables?

Don't forget to add the LAST CONDITION at the bottom of first (since shift carries over)
 Alternative: DIAGONAL RED VARIABLE CELLS. Each “first left” stair step will be red cell

-1<=-(C1/3) -(C1/3)<=-(1/2) Nonnegativity of D: On the P axis - 2 variables:
1>=(C1/3) (C1/3)>=(1/2) e ot 14 0.
3>=C1 C1>=3/2 + We can do sensitity analysis or use the report
from Excel.
place together, replace C1 with original "_";::;:mwwm
(3/2)<=2<=3  GanbesoedinExcel.
allowable decrease: 0.5 (2-(3/2) ety v o D
allowable increase: 1 3-1) P 5
3. solve C2 by replacing with variable (same) T e o (snumeration) i L T
+ >= (N
Sensit. Analysis (SHADOW PRICE, RHS values)| | & oo - o 2400, siope 1001140 2z n
- . 3 : 1. solve system of equations with C1& C2 - & &
shadow price: m—argw of 1 extra item OH +1W >= 5 x140forall—=p OH +140W >=700 ’;
1.add 1 to RHS of binding constraint 100H + 140W>=1400 10OH + 140W > 1400 RN ks
-100H >= 700 S elE 13 2 ~
optimal: min 4H + 8W, slope: -4/8 s =7 I M ol P mE
C1: OH + 1W >= 5, slope O . YalulafeHoHe o -H 3=
C2:100H +140W >= 1401, slope -100/140 w?glqaow >=1400 H ?’x‘- -, N B ? : E
2. find new optimal solution (see finding opt.) 1.plug values to optimal eq. EHE i s 3 = 33
3. shadow price = new optimal - old optimal 4H+BW - 4(7) + 8(5) =28 + 40 - 68 e 5 )
Best EGUATIONS AG >= 0.15(AG + BG + CG)
Shadow price of non-binding constraint: $0.00 =SUMPRODUCT(C10:D10, C15:D15) is same as
Objective Coefficient Changes C10*C15+D10*D15
Change objective co-efficient within allowable range - ;g*"g(zilo‘ﬂo) (static percentages)
¢ optimal does not change
e AND target cell changes
Change objective coefficient beyond allowable range » " TR T — i
Call Name Value Cost Confficlent  incresse Dacresia

« Different Binding Constraints
« Different Optimal Solution
« Different Target Cell

Final Value- optimal solution val for that variable

Objective Coefficient— Multiply by final values to

Binding Constraint Changes
get total target cell value

Change RHS within allowable range »
¢ Optimal Solution + Target Cell Change
¢ Shadow Price * Unit Increased

Allowable Increase / Decrease- allowable incr/decr
to OBJECTIVE COEFFICIENT before the optimal
solution changes

Change RHS of non-binding constraint -
¢ Optimal Solution + Target Cell does not Change

Constraints

Final
Value

Shadow  Constraint  Allowable
Price R.H.Side Increase

Allowable

Cell Name Decrease

If ANY ONE allowable increase/decrease is O (TOP
PART), the isoprofit line is exactly on one of the
binding constraints » multiple optima.

Constraint R.H. Side - The value of the constraint RHS
For blending constraints RHS, most likely O

Shadow Price - O for non-binding constraint, but some

. binding may have 0. Check if final = RHS. Measured in +1
PROBLEM D.4

Ouestion: Piggie and Gerald's TV Production is considering producing a pilot for a comedy series in the hope of
selling it to a major television network, The network may decide to reject the series, but it may also deci
purchase the rights to the series for either one or two years. At this time, Piggie and Gerald may
produce the pilot and wait for the network's decision or transfer the ts to the pilot and series o a competitor for

%, Tight = SMall

ISOPROFIT UNE, choose LAST

Nonnegativity of D: Onthe  POINT TO TOUCH IS0, LINE

m;nmh.imm
Salve graphically: construct

S100.000. Piggie and Gerald's decision and profits (in of dollars) are as follows: Simple: What to produce, eat, investments to choose
Blending; How much of each input goes into each output
State of nature How many people/re ineach shift 1
Transportation: How much to ship from location to location K
Alternative Reject s, 1 Years; 2Y¥earss supply and demand do not have to be same.
Produce pilot d, -100 50 150 r - - FeaoETeR
= are y, no feasible region
Sell to competitor d; 100 100 100 I = feasible region is infinite, or no corner points =

Binding Constraints

Paods. First Von X, second  Given max C1X + C2¥, the slope

8
The probabilities for the states of nature are P(S,)=0.2016, P($;)=0.3003, and P{$;)=0.4981. For a consulting fee of Binding constraints: I‘.HS =RHS % %
$5000, an agency will review the plans for the comedy series and indicate the overall chance of a favorable network Non-Binding constraints: LHS <= RHS
reaction to the serics. Assume that the agency review will result ina favorable (F) or an unfaverable (U) review and Non-negativity constraint: LHS >=0 3 §
that the following probabilitics are given: FLEnsT PLEn5Y . ooUm Ll bty
640 T —— 5% 2 g
g b P © 62933 Scheduling LP RS
PF| $;) = 0.5974 - pokteni g
P(F| §3) = 0.9004 orir ¢ B LERSD
- O heus [=]
a)  Construct a decision tree for this problem. PlEAsH: 017414561 Ladner Police - B
by What is the recommended decision il the agency opinion is not used? What is the expested value? Time Periods covered by different shift workers | = w‘y;; Haer
800-  MNoon-  400- B00-  Midnight- 4:00am- o
¢} What is the expected value of perfect information” Noon 4:00pm  8:00pm  midnight  4:00am  8:00 am | w.% -
shift 8:00am 3 3 A YEEE . =
dy  What is Piggic and Gerald's optimal decision sirategy assuming the agency s information is used? Starting 12 Noon &) 3 3 o
g2 P £y g the agency
" [ at 4:00pm T 7 7] T
e} What is the expected value of the agency's information? What is the efficiency of the agency’s D 'N‘& e B:00:00pm o o [ i
information? 12 Midnight 4 4 ey
o0 2 3 ot (s | (e
) Is the agency’s information waorth the S5000 fee? What is the maximum that Piggic and Gerald should be ), ot Lol o e e ST SEmrmemneae.
willing to pay for the information? <, g 5y £ 5 g & 3 i =
g} What is the recommended decision? 1 [V TN Y 5
F oo uiza ) . Answers how many resources/people to have in
T — o oviar 0D 0OMEL 5 5, St o v B hen A A+ o e IS4, P8 POBATD00 each shift at a time.
— IE bl @saEs el b e Coefficient usually 1 MIXED REFERENCE.
E=S ) Compts PN, P PG T °
O sy L easd 41 EPs1E LoiOM o pankas B TEN W POVIERE L 2 Lo, THE RED CELLS: $ t_he letter.
N wwe ; . s optimel  decsian Somor, TSR TN Variables = # of “shifts”
\_o.ef Ay 5 Sea i . .
0o (- & “,...“a o 4y ELOT O [T et Y Y. Think about how LONG each of the shifts are.
5 o 3 - PIBAALD: T 0N awm - .
' ePL: Gl g = e & ik &/ ' s / Here one person covers 2 shifts.
I : i 3
i ’ S — ey PR 6303 Green Target cell: =SUM()
" NI gy ue QYEVST . |y boa RED CELLS. =SUM()
(D —_— P— R A
=2
. O Llwods 0 WD 5Tl yed 7 LY )
\ Y n.‘-: A% Ls Allowable Increase / Decrease- RANGE for which the SHADOW PRICE HOLDS.
EPFL e I1- - } :
. i » O oM If the allowable increase/decrease is O, signals demand cannot surpass
h 5 . . .
= gfsLiag : * e supply, in transportation LP
\ - Ao wly s op 0 Singo A . . P
5 i i Non-binding -> One is how to change RHS to final value, other is infinity (1E+30)
tememtis ey Fa .
Sa n ' R T Beyond the RHS allowable range we don’t know what happens.




INDEPENDENT V5. DEPENDENT Ead L} OR: Mut. Ex: = ‘3 5
I: The autcome of FIRST EVENT DOES NOT AFFECT PAI)® %+ PG P(A)+ P(B). ¢ ¥ 3
the outcome of the second X /:\ PlAor B) = P(A) + "1?‘ o e i - +%%
D: First event OUTCOMES HAVE AN EFFECT ON ) H 1 P{B) ~ F(AB} = ° 5 3% 3%
the second effect’s probabilities // FEXT® B xm P IID:.IMep = 2 £ 3 9 2 §,: ]
MUTUAL EXCLUSIVE: If A and B CANNOT HAPPEN L1 PALT ﬂ?{::r:[g = - "; 2 i d ¥ . =
SIMULTANEQUSLY. If P(A| B) = 0, they are mut. Ex. S e a e PIAP(BIA). Ais H 3 - ‘}"4 § e
CONDITIONAL PROBABILITY: P(A| B). P(A) given P \0,'\ first, B is second T 5 § 5 2z .
P{A|B) = P(AB) / P(B) L ~.. Cond=loint/Mar A § P
BAYES THEOREM: P(A|B) = (P(B| A)*P(B))/P(A) POV @ e ve pe) | UselointProb. s 3 2 AR £ R
With Replacement = Inde, Without = Depe Table, find a1l ) 5 &
¥ by
o =%
€ This is given no prob’s + outcomes = UNCERTAINTY. With prob’s and payoffs = RISK, can find EMV e \ &) r
EMV = EXPECTED MONETARY VALUE = I (Payoff)*Probability = Weighted average of each decision 8 " E
-
s H Sy
® '
slad
£|5a
9[EE
= . @
-
AR
% 3%
a % o
s 4 Al v
F £ony/ae LIH
It h £
PAYOFF MATRIX: Three Decision APPROACHES & o™ E_
GIVEN STATES > AND DECISIONS ~ v a;. i /
oL AC]
i g
EVP1= EPPI - EMV: THE EVPI IS THE MOST YOU ARE WILLING TC PAY FOR PERFECT INFORMATION § B ) §_ é o -
EWSI = EPSI = EMV: MOST WILLING TO PAY FOR SAMPLE INFO. EFFICIENCY: EVSIJEVPI F ; Ay " {
3 . T e £
CONSERVATIVE: Looking for the worst possibilities 3§ i § 3 g N g 2
FOR EACH DECISION CHOOSE WORST. Out of those . [ £ pon B 4
best choose the HIGHEST OF THE MINIMUMS i )i i N :1 Ay 7 i
OPTIMISTC: Looking for the best possibilities THE il e M . §
FOR EACH DECISION CHOOSE BEST. Out of those =SUMPRODUCT() T gt rayod \
best choose the HIGHEST OF THE MAXIMUMS VALUE HERE WILL L 3 $40% ‘i. -1
:EEGFRSET: Looking for the DIFFERENCES in payouts BE THE EP5I E € b g é }é [ F“g*—, : : ]
a igas M .
Pinpoint the HIGHEST PAYOUT FOR EACH @ 8 8 = " i
STATE - i %
Write out the difference from EACH decision’s t E §§ -2 g 5-3 i
payout to the best payout. 5353 iiif 3 § ‘
CHOOSE THE HIGHEST REGRET FOR EACH ;a ¥ éla ] g. } 2w
DECISION 352 H §§§ . g@_ﬁ‘
Im the original matrix, choose lowest R. value Fisil g g; g E M- b
S H I T !
dpeigcplsigli| 2 .
. z° 8 2§
VS, DISCEETE- VARIABLES: EXCEL: =RANDBETWEEN|LO, HI) produces INTEGER VALUE IN THAT RANGE, INCLUSIVE T E H E _i‘g E ¥ g “ o
CONTINUOUS: 0 <=X<4 OR CAN USE =RAND(), AND IF(=G5<=1/5, "T", “F") are examples of ways to do this with excel E gi £3 g =1 g g e
:l{:=li = 0;]235 ;:I[fzi; Uo o CONSTANT TIMES VARIABLE E(C*X) i § %i E— ‘F‘WE‘E r v la |
(<=2)=0. <=2 =0. * vl _ % & £ §§ ;gszi @ by ' l
P(X<2) = 0.50 P(X<2) = 0.50 E(X) of E(C*X) > E(C*X) = C*E(X) t EHE $1 511 Y I
RANDOM VARIABLE: Numerical descriptions of the VAR(X) of VAR(C*X) -> VAR(C*X) = C*2*VAR(X) 2 § il Eg §§ R
¢ & L& dth <23 =1
outcome of an experiment. PR. DISTRIBUTION of X: ST.DEV(X) of ST.DEV(C*X) -> ST.DEV(C*X) = | C| *ST.DEV(X) H & b :
[ Py |
EXPECTED VALUE E(X): b
* I * - —— RN
Z X * P(X). IF it's f(x), Z f(x) * P(X) LaT-xer.
With replacement E(X) = without r. E(X) 2 Mo
VARIANCE a2(X) or VAR(X): SRS e
- * * I B
Z[X—E(X)]*2* P(X), E(XA2)*[E(x)]"2 JOINT PROBABILITY DISTRIBUTION BETWEEN 2 RANDOM VARIABLES I PR
Ly - uies
DIFFERENCE b.etn‘ueen each X a_r]d E(X) = Recall: E(X =) = E() + -E(¥) ) : '
squared, multiplied by probability If relationship between X and Y is - 5 g
STANDARD DEVIATION of{X): NOT addition/subtraction, construct ! i | e i
(sqrt (VAR(X)) Eiree and use (:leﬁrlliti:lans of\mk,“ =2 s < a1
i oy T.DEV, E(X t 2 : ey L) e
UNITS: E(X), ST.DEV = Original, VAR = A2 T R PO
PROBLEM RS T Frvbossirs
e i — PROBLEM P.2 e :"‘“
— L i
T ,‘-‘,, 3 . Question: A survey of MBA students obtained the following data on “Students’ first reason for submitting an v N ’“;
* 7 tH . L P application to the school in which they enrolled in,™ i Ll
- . L2 i Reason for Applicati ) Hedleny
o e miegloal diiboen o230 i mangil diabeia oy 81 % \ 1 ;/ School Quality School Cost Other Totals D erea) LT - H e = Y {lered)
by X, RV VAR, VAREY) o per e ) Full Time 421 303 76 590
) the probability X1 and ¥~ ‘1_~_|_}_1__~_1_ fi Enrollment 1%
4 the probability X=2 and Y=2 pet fox Ton Tod Part Time 400 593 46 1039 2 2 w)
D ogey: eyt atos)y [ Vi e _
@ e VAR L e : Totals 821 956 122 1929 o — —
b kS AS e 2
o e = [:»‘ L_“ s |\;' i a) Il aswdent goes full time, what is the probability that school quality “'ill_;dlln: first reason for ch Ea :
) or  enen 0 “:T'h_" o e B ! school? PLQIE) (ULl v 114 PR d - :
& Elify: €ENTEM TEL B L 4 [heor 1 4Y sous - o -
prake e ST : T b)  Ifa student goes part time, what is the probability that school quality will h,:fthL' first reason for ch inga e 5 T - -
el B REA school? plotom e IHLay /
F o Tmwrigaey - 0350 = e T e e
5 i o €)  Let A be the event that a student is full time and let B be the event that student lists school quality as the 5 ——————"= e
° od gt O first reason for applying. Are events A and B independem? T — x_3m I 5 x
Al T N T I B 25 (0% 1Ty f i [rme s C————— g |
pGay loa lox lou (29 PLAY = 0 461D / B s S R T —
4 sl 1| W NS ey a. Suppose the cost of coffee from Tim Horton's - Koerner Library
Var 235 108 - 32 Q: mi‘ . l.e;j_%__}_)‘___ PLAIR Y increased to $1.85. What would the value of the target cell be after this ?
: 036 R : b} i 4 $1.85 - $1.65 (original value) = $0.20 11 (final value) x $0.20 = $2.20
2 nodhty Gre  rob indepCracs $125 (original target) + $2.20 = $22.8
ECors cfy - loo1s & 517 oF L d. Suppose the Sauder Café Supply increased by 12 cups.
13 T 1

What would the value of the target cell be after this change?

t
Yol E () - 1%.S $12i

> 12 x (-0.3) [Shadow Price] => $25 [target vall - 3.6 = $21.4



