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° General Setting

We have a Planning Model with Optimization:

Maximize some objective, e.g.,
selling price*volume — production cost/unit * volume;

subject to various constraints, €.g.,
production at each source < capacity at that source,
supply to each region > demand at that region;

We are not sure of the values of various coefficients in the model, e.g.,
selling price per unit, cost of raw materials, demand, etc.

What should/can we do? What convenient tools are available,
especially in LINGO and What’sBest! ?
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Approaches: Simple to Fancy

Methods that require no additional information beyond the original model:

Range analysis and dual prices: Works only for Linear Program Models.
Parametric analysis:

K-Best solutions:

Try a range of values for each uncertain parameter.

Solve for the K best solutions. Which seems most realistic?

Methods that require only Scenario value information for uncertain parameters
Tornado diagrams:

Fuzzy optimization
Robust optimization
Data tables in Excel
Scenario feature of Excel

Which parameter uncertainties have biggest effect?
Analyze all possible outcomes.

Worry about worst possible outcome.

Automatically generate all outcomes for 1 or 2 parameters.

Enumerate possible scenarios for up to 32 parameters.

Methods that require a distribution of uncertain parameters
Chance Constrained Programs: Robust optimization with probabilities.

Value at Risk, Conditional Value at Risk How bad is the 5% risk case?
Stochastic Optimization

What is best way to hedge/prepare all possibilities?
Measuring the cost of uncertainty

Value of More Accurate Forecasts,
Value of Modeling Uncertainty,

Can’t eliminate variability, but we can know it.

Given the available forecast quality.
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. Example 1: Product Mix

a) Deterministic Case:
! The objective is to maximize profit;
MAX = 20*ASTRO + 30*COSMO;
ASTRO <= 60; ! Astro line capacity;
COSMO <= 50; ! Cosmo line capacity;
! Labor usage <= labor available;
1*ASTRO + 2*COSMO <= 120;

b) Parametric/Uncertain/Scenario Case:
MAX = PAM(1l) *ASTRO + PAM(2) *COSMO;
ASTRO <= PAM(3); ! Astro demand;
COSMO <= PAM(4); ' Cosmo demand;
PAM(6) *ASTRO + PAM(7) *COSMO <= PAM(5) ;

1) APRFT 2) CPRFT  3)ALCAP  4) CLCAP

5) LABORAVAIL 6) ALBRUSE 7) CLBRUSE;
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Dual Prices and Range Analysis of an LP

Global optimal solution found.

Objective value: 2100.000
Variable Value Reduced Cost
ASTRO 60.00000 0.000000
COSMO 30.00000 0.000000
Row Slack or Surplus Dual Price
1 2100.000 1.000000
2 0.000000 5.000000 ! More Astro Line capacity is worth $5/unit;
3 20.00000 0.000000 ! More Cosmo Line capacity is worth $0/unit
4 0.000000 15.00000 ! More Labor capacity is worth $15/unit

! Click on: Solver -> Range
Ranges in which the basis is unchanged:

Objective Coefficient Ranges:

Current Allowable Allowable

Variable Coefficient Increase Decrease
ASTRO 20.00000 INFINITY 5.000000
COSMO 30.00000 10.00000 30.00000

Righthand Side Ranges:

Current Allowable Allowable

Row RHS Increase Decrease
2 60.00000 60.00000 40.00000

3 50.00000 INFINITY 20.00000

4 120.0000 40.00000 60.00000
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SETS:
ITEM: WGT, VAL,
ENDSETS

DATA:

ITEM

ANT REPEL
SIX PACK
BLANKET
BRATWURST
BROWNIE
FRISBEE
SALAD

WATERMELON 1
15;

CAP =
ENDDATA

MAX = OBJ;
OBJ= @SUM(
@SUM (
@FOR (

K Best Solutions

WGT

1
3
4
3
3
1
5
0

ITEM () :
ITEM () :
ITEM () :

Y;

!Each item has a wgt, value, yes/no var;

VAL =
2
9
3
8
10
6
5
20;
VAL (J) *Y(3)) 7 ! Objective;
WGT (J) *Y(j)) <= CAP;! Wgt constraint;
@BIN( Y(3))): ! A1l vars 0/1;
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File Edit Solver Window Help

Dlezl||@| o=@l <] ve]ol] srBElx| &lel= 2 el

' Lingo Model (Text Only) - KbestKnpSk ‘ Lingo Options ‘_l_- E
SETS:
ITEM: WGT, VAL, ¥; 'Each item has Irterface I General Solver I Linear Salver
SOLN: RHS; !Each new soln has a RH Global Solver | Model Generstor | SP Solver
5XI (SOLN,ITEM): COF; !' Coefficient Nanlinear Salver I e Integer Solver
ENDSETS
DATA: :
ITEM WGT VAL = ~ Branching:
Direction: Pricrity:
ANT EEPEL 1 2
SIX PACK 3 g IEk:th -] LINGO Decides
BLANEET 4 3
BRATWURST 3 8 [
EROWNIE 3 10 Absolute Integrality:  Relative Integrality: BigM Threshold:
FRISEEE 1 6 | 1e-008 |2=-008 |1e+008
SALLD L] )
WATEBMELCH 10 20; — LP Saolver:
CLE = 15; Wam Start: Cold Start:
SOLM = 1..8; ! Humber sclutions w ILIMGCl Decides vl ILINGO Decides vI
ENDDATR
— Optimality:
SUBHODEL ENAPSACK: Absalute: Relative: Time to Relative:
MAX = OBJ; o [1e-005 [100
OBJ= @SUM( ITEM(3): VAL(3)*Y(3));: _
BSUM( ITEM(3): WET(3)*Y¥(3)} 4 ‘TS'E::;”FEE- o Selacton oo Bt
BFOR({ ITEM(j): EBIN( Y(j))): IN“ ks |LTN?30D _Zﬂ- J Imng nch:
- R - ane ecides
— K-Best Solutions: Branch-and-Price Solver:
Heuristic:
MNumber: IE _:l |7 Eﬂod{s:lOﬂ' ::I' IGP1j

Hep | Cancel | Defaut | Save | Appy | [ ok |



K Best Solutions in What'sBest!

HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW Team What'sBest!
K—’fMakEAdjustable N ]il'\a"linimize <= Less Than s+ Integers - 2=3) 'FLu:n:ate
o .. G ) O,
] «— Remove Adjustable |2 Maximize  »= Greater Than [ Options - eHelp
Adjustable Best Constraints Salve
= Equal Te o Advanced - IE About
Model Definition Settings Solvers | Informatior
objv - fx | =sumPRODUCT(BS:I5,B3:13)
A B C ] F G H 1 J
1 A Knapsack problem in Excel
2 Item: ANT_REPEL 51¥_PACK BLANKET BRATWURST BROWNIE FRISBEE SALAD| WATERMELON
3 | Value: 2 9 3 3 10 ] 5 20
4 Wet: 1 3 4 3 3 1 5 10
5 | Yes?= 1 1 1 1 1 1 0 0
6 Load Cap - 1
5 ™ . 15 Integer Solver Options Iﬁ ]
g | | 33.| <<== Maximize Branching Integrality -
Q Direction: Absolute: Relative: |
10 | Bath| =l | 0.000001 0.000008 -
11
12 Linear Solver |
- Warm Start: Cold Start: 1
14 Solver Decides Solver Decides :
1? Optimality -
16 Absolute: Relative: Time to Relative: |
17 |
18 | 0 0.00001 100 _
19 Tolerances |
20 Hurdle: Mode Selection: Strong Branch:
21 Mone | Solver Decides ﬂ | 10 |
22
53 K-Best Solutions 1
24 Desired Mumber: ’3— Specify Reporting Cells | 1
25 D —  INDQ SHSTEMS INC, L




K Best Solutions in What'sBest!

FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW Teamn What'sBest!
'ﬁf‘-ﬂakehdjustahle 2 ¥ Minimize 4= Less Than #a# Integers - o\ "Ith_'atE
o ﬁ ©
_ 'Eﬂemwehdjustahle |2 Maximize _ »= Greater Than /¥ Options ~ eHE“ﬂ
Adjustable Best Constraints Solve
= Equal Te 2 Advanced - HE About
Model Definition Settings Solvers | Information
B7 - fr | =SUMPRODUCT(BS:I5,B4:14)
A B C D E F G H I J
1 | A Knapsack problem in Excel
2 Item:| ANT_REPEL 5IX_PACK| BLANKET BRATWURST BROWNIE FRISBEE| SALAD WATERMELON
3 | Value: 2 9 3 a 10 b 5 20
- Wet: 1 3 4 3 3 1 5 10
5 | Yes?= 1 1 1 1 1 1 0 0
] Load Cap
7 | 15[ == 15
8 38 <<==Maximize
9
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K Best Solutions in What'sBest!

A E C D E F G H I ]
3
& K-Best Solution Displaved in Spreadshest: 1
8 REPOETING CELLS
9 | Run
10 ObjV¥al ANT REPEL SIX_PACK BLAMKET BRATWURST BROWNMIE FRISBEE, SALAD WATERMELOMN
1| ————————-
12| - 1- 38 1 1 1 1 1 1 0 1]
13| - 2— a8 1] 1 0 1 1 1 1 1]
14| - a- 38 1 1] 0 0 1 1 0 1
15| - i- a7 1 1 0 0 1] 1 0 1
16| - E— 36 1 1] 0 1 ] 1 0 1
17 | - B— a6 1] 1] 0 0 1 1 0 1
18| - - 36 1] 1 1 1 1 1 0 1]
19| - a- 1= 1 1 0 1 1 1 0 1]
20
21

22| End of Report
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Parametric Analysis: Markowitz Portfolio

Efficient Frontier Portfolio Calculation (See PortEfFront9a.1ngq)
The possible investments:

CD = risk-free rate,

VG040= SP500 stock index,

VG058= Insured long term tax exempt,

VG072= Pacific stock index

VG079= European Stock index,

VG102= Tax managed cap appreciation,

VG533= Emerging markets.

After tax

Target Risk(1l sd) Portfolio composition

Return 1-Yr CD VG040 VG102 VG058 VG079 VG072 VG533
0.04000 0.0000 1.0000

0.04500 0.0106 0.6483 0.0085 0.0265 0.2496 0.0413 0.0257
0.05000 0.0212 0.2967 0.0170 0.0530 0.4993 0.0827 0.0513
0.05500 0.0321 0.1052 0.6645 0.1316 0.0987
0.06000 0.0541 0.0282 0.5349 0.0926 0.1999 0.1443
0.06500 0.0806 0.4046 0.2863 0.3091
0.07000 0.1087 0.2155 0.3535 0.4310
0.07500 0.1376 0.0264 0.4207 0.5528
0.08000 0.1733 1.0000

Input Data Used:
Expected ret/yr: 0.0400 0.0600 0.0600 0.0500 0.0650 0.0700 0.0800
Stdev in ret/yr: 0.0000 0.0811 0.0911 0.0370 0.1010 0.1252 0.1733
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Return vs Risk

B Standard Deviation
0.09-

0.8

n_.._l-u

! Graph it as is done by Finance folks;
@CHARTCURVE ( 'Return vs Risk', 'Return', 'Risk', 'Standard Deviation', VOUT, VINP)
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Tornado Diagram Analysis

Recall: Parametric/Uncertain/Scenario Case:
MAX = PAM(1l) *ASTRO + PAM(2) *COSMO;
ASTRO <= PAM(3); ! Astro demand;
COSMO <= PAM(4); !' Cosmo demand;
PAM (6) *ASTRO + PAM(7)*COSMO <= PAM(5) ;

DATA:
! Names of the parameters;
PSET =
! 1 2 3 4 5 6 7 ;
APRFT CPRFT ALCAP CLCAP LABORAVAIL ALBRUSE CLBRUSE;
! The median or base case values for the parameters;

PMED =

20 30 60 50 1 2 120;
! Plausible low values for the parameters;
PLO =

17 25 55 45 0.8 1.7 110;
! Plausible high values for the parameters;
PHTI =

25 38 65 60 1.4 2.3 140;

! For this parameter set we will see that LABORAVAIL has
the greatest effect on bottom line uncertainty.
CLCAP has the least effect (none) on bottom line
uncertainty;
ENDDATA
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@CHARTTORNADO ('Astro_Cosmo Sensitivity', 'Profit', 'The Parameters', BASE, 'High', RESULTHI, 'Low', RESULTLO);

Astro Cosmo Sensitivity

E High B Low




Fuzzy Optimization

Given the ranges on the input parameters, what 1s the range on the
optimal objective value? Enumerate all combinations and record.

Sensitivity Analysis for an Optimization Problem
with Various Lo and Hi/Fuzzy Parameter Values:

Iter APRFT CPRFT ALCAP CLCAP LABRAVL ALBRUSE CLBRUSE Profit
1 17.00 25.00 55.00 45.00 110.00 0.80 1.70 1905.59
2 17.00 25.00 55.00 45.00 110.00 0.80 2.30 1652.39
3 17.00 25.00 55.00 45.00 110.00 1.40 1.70 1531.79
4 17.00 25.00 55.00 45.00 110.00 1.40 2.30 1293.70
5 17.00 25.00 55.00 45.00 140.00 0.80 1.70 2060.00
124 25.00 38.00 65.00 60.00 110.00 1.40 2.30 1938.91
125 25.00 38.00 65.00 60.00 140.00 0.80 1.70 3592.06
126 25.00 38.00 65.00 60.00 140.00 0.80 2.30 3078.91
127 25.00 38.00 65.00 60.00 140.00 1.40 1.70 2958.57
128 25.00 38.00 65.00 60.00 140.00 1.40 2.30 2434.57
The optimal wvalue falls in the range:
[ProfitLo, ProfitHi] = | 1293.6957, 3592.0588]
Iteration= 4 125
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Data Tables in Excel

PAYMENT - fr | =pmT(es,F5,05)

5w oo u o\ e W e

=
Md

13
14
15
16
17
18
19
20
21
22

3
24
25
26
27
28

29

A B C D E F G H

lllustration of a Two-Dimensional Data Table in Excel
to compute the monthly mortgage payment for various interest rate and term scenarios.

(Colinput) (Row input) Principal Monthly  Numberof  Monthly Total
Yearly rate Years Amount rate months Payment payments
0.06 15/ 200000 0.005 lSOl 1687.711 25315.70

Scenario table of Monthly Payment as a function of Yearly rate and Years

Output cell Years
$1,687.71 1 5 10 30
Yearly 0.02| 16847.773 3505.55 1840.269 739.238945
interest 0.03 16938.74 3593.74 1931.215 843.208067
rate 0.04 17029.981 3683.3 2024.903 954.830591

0.05 17121.496 3774.25 2121.31 1073.64325
0.06 17213.286 3866.56 2220.41 1195.10105
0.07 17305.349 3960.24 2322.17 1330.60499
0.08 17397.686 4055.28 2426.552 1467.52915
0.09 17490.295 4151.67 2533.515 1609.24523

0.1 17583.177 4249.41 2643.015 1755.14314

Steps:
1) Construct the core/single scenario model. In this example, just row 5.
2) Enter the scenario data, B11:B19, and C10:F10
3) Do a Copy and Paste-Link of G5 to B10 to identify the output cell.
4) Highlight the table B10:F19
5) Click on DATA -> What-if-analysis ->» Data Table, and
6) Enter C5 as the Row Input cell, and
B5 as the Column Input cell.
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Scenario Manager in Excel

F5 - fr || =vears=12
A B C D E F G H I

1 | Nlustration of Scenario Manager in Excel
2 to compute the monthly mortgage payment for various interest rate and term scenarios.
3 Principal Monthly Number of Monthly Total payments
4 Yearly rate Years amount rate months Payment payments
5 0.05 25 200000 0.004167 300 1169.18 29229.50
b -r' Scenario Manager l ? ﬂh,l
7 Scenarios:

. CASE1506 -
8 Steps: || |SasErs06 Add...
9 1) Cc.:nstruct the corefsmgl.e sce nar.lo model. Irj' this example, just row 5. | T
10 | 2) Click on DATA -> What-if-analysis -> Scenario Manager, to _
11 Select, Display, or Edit a particular Scenario, i.e., values for B5, C5, et
12
13 ,
14

Changing cells: | 5B55:5C55
15 Comment: Created by on 10/24/2015
16 Modified by on 10/24,/2015
Modified by on 10/26/2015

17
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o Robust Optimization

Setting:
0) We make a decision, e.g., inventory levels, investments, etc.
1) Nature makes a random decision.

First identify a set of possible scenarios/outcomes for the random
variables. In (0),

Choose the decision the maximizes the profit, subject to being
feasible for every possible scenario.

Slightly more mathematically:
minimize f,(x) (or maximize, as desired)
subject to
For every constraint i:
For every scenario s:

. > ():
Jix, ug) > 0; LINDO SHSTEMS INC. | I




° Portfolio Example, lllustrating Robust Optimization

Example : Portfolio investment
a) Deterministic Case:

! Maximize end-of-period wealth;
MAX = 1.089*ATT + 1.214*GMC + 1.235*USX + 1.05*XTBILL;
! We have $1M to start;
ATT + GMC + UsSX + XTBILL= 1;

b) Parametric/Uncertain/Scenario Case:

MAX=PAM (1) *ATT + PAM(2)*GMC + PAM(3)*USX + 1.05*XTBILL;
ATT + GMC + USX + XTBILL = 1;
PAM (1) *ATT + PAM(2) *GMC + PAM(3)*USX + 1.05*XTBILL >= TARGET;
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. Portfolio Example, Scenarios

! Some equally likely scenarios of future values of
each of the instruments per $1 invested today

ATT GMC UsSX ;
1.300 1.225 1.149
1.103 1.290 1.26

1.216 1.216 1.419
0.954 0.728 0.922
0.929 1.144 1.169
1.056 1.107 0.965
1.038 1.321 1.133
1.089 1.305 1.732
1.090 1.195 1.021
1.083 1.390 1.131
1.035 0.928 1.006
1.176 1.715 1.908;
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Robust Optimization

DATA:

TBILLGF = 1.05; ! Risk free growth factor, e.g.,

TARGET = 1.01; Target growth factor;

SCENE = 1..12; ! Number of scenarios;

! Our investment opportunities, in addition to T Bills;
ASSET= ATT GMC UsXx ;
ENDDATA

NS = @SIZE( SCENE); ! Number scenarios;

! Stage 0: Choose the X's and AVG;

! Budget constraint at beginning;
[BUD] @SUM( ASSET( J): X(J))+ XTBILL =
@FOR( SCENE( s):
! Compute R(s) =
X(1) =
R(

1;

value of total portfolio under scenario
amount invested in instrument i;

s) = @SUM( ASSET( j): GF( s, j) * X( j))+
)i

! Compute expected value of ending position,
assuming all scenarios equally likely;
AVG = @SUM(SCENE(s): R(s))/ NS;

! Robustness constraints:
We want to beat the target in every scenario;
@FOR( SCENE( s):
R( s) >= TARGET;
)
! A reasonable objective:
MAX = AVG;

Maximize average return;

for money invested in Treasury Bills;

XTBILL*TBILLGF;
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Robust Optimization

Variable Value
AVG 1.078841 Recall:

TBILLGF 1.050000 ATT GMC UsSX ;
TARGET 1.030000 1.300 1.225 1.149
XTBILL 0.8437500 1.103 1.290 1.26

X( ATT) 0.000000 1.216 1.216 1.419

X( GMC) 0.000000 0.954 0.728 0.922

X ( USX) 0.1562500 0.929 1.144 1.169

R( 1) 1.065469 1.056 1.107 0.965
R( 2) 1.082813 1.038 1.321 1.133
R( 3) 1.107656 1.089 1.305 1.732
R( 4) 1.030000 1.090 1.195 1.021
R( 5) 1.068594 1.083 1.390 1.131
R( 6) 1.036719 1.035 0.928 1.006
R( 7) 1.062969 1.176 1.715 1.908;
R( 8) 1.156563
R( 9) 1.045469
R( 10) 1.062656
R( 11) 1.043125
R( 12) 1.184063
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. Chance Constrained Optimization

Chance Constrained Programing;:
we are allowed to violate certain specified constraints with
a specified (typically low) probability;

! Chance constraints;
@FOR( SCENE( s):
! ZSAT( s) = 1 if we satisfy constraint in scenario s;
@BIN( ZSAT(s)), ! It is 0 or 1;
R( s) >= ZSAT( s) * TARGET;
) ;

! We want to beat the target this fraction of the time ;
@SUM( SCENE( s): ZSAT(s))/ NS >= PROBCC;

! A reasonable objective: Maximize average return;

MAX = AVG;
LINDO SHSTEMS INC. [ I




Chance Constrained Optimization

Variable Value
AVG 1.225009

TBILLGF 1.050000
TARGET 1.030000
PROBCC 0.8300000

XTBILL 0.000000

X ( ATT) 0.000000

X ( GMC) 0.4577465 Recall:

X( USX) 0.5422535 ATT GMC UsX ;
R( 1) 1.183789 1.300 1.225 1.149
RC2) L.273732 1.103  1.290 1.26
R( 3) 1.326077
R( 4) 0.8331972 1.2106 1.216 1.419
R( 5) 1.157556 0.954 0.728 0.922
R( 6) 1.030000 0.929 1.144 1.169
RO L-219056 1.056 1.107 0.965
R( 8) 1.536542
R( 9) 1.100648 1.038 1.321 1.133
R( 10) 1.249556 1.089 1.305 1.732

R( 11) 0.9702958 1.090 1.195 1.021
R( 12) 1.819655

ZSAT( 1) L 000000 1.083 1.390 1.131

ZSAT ( 2) 1.000000 1.035 0.928 1.006

ZSAT ( 3) 1.000000 1.176 1.715 1.908;

ZSAT ( 4) 0.000000

ZSAT ( 5) 1.000000

ZSAT ( 6) 1.000000

ZSAT ( 7) 1.000000

ZSAT ( 8) 1.000000

ZSAT ( 9) 1.000000

ZSAT ( 10) 1.000000
ZSAT ( 11) 0.000000
ZSAT ( 12) 1
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° Criterion Choice — Utility Function Choice

What Should Our Objective Criterion be Under Uncertainty?

Desirable Features of a Utility Function:
1) More 1s better: An additional dollar 1s always appreciated,
no matter how much we have already.
2) Concavity: Twice as much is not twice better.
The (n+1)st dollar is no more valuable than the n™ dollar.
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Value at Risk

To use VaR, you must specify two numbers:

1) a probability threshold, typically 5% (or 1%), beyond which you care about bad outcomes.

2) an interval of time, typically one day or ten days, over which you are concerned about losing money,
VaR = amount of loss in one day that has at most a 5% (or 1%) probability of being exceeded.
VaR is a method recommended as part of the Basel Accord for measuring the risk of the portfolios of
European banks. Banks must hold capital reserves proportional to their risk, e.g., as measured by VaR.

Solution: ~ Variable Value ! Some equally likely scenarios of the
TBILLGE 1.050000 future values of each of the instruments
RHO 0.1670000 .
NS 12 .00000 per $1 invested today;
BIGM 1.180000 ASSET= ATT GMC UsSX ;
XTBILL 0.000000 GF = ! Growth Factors, each investment
X( ATT) 0.000000 1.300 1.225 1.149
X( GMC) 1.000000 1.103 1.290 1.26
X ( USX) 0.000000
Lae e L
T 1.107000 - - -
R( 1) 1.225000 0.929 1.144 1.169
R( 2) 1.290000 1.056 1.107 0.965
R( 3) 1.216000 1.038 1.321 1.133
;‘f g; 01?22888 1.089 1.305 1.732
R( 6) L 107000 1.090 1.195 1.021
R( 7) 1.321000 1.083 1.390 1.131
R( 8) 1.305000 1.035 0.928 1.006
R( 9) 1.195000 1.176 1.715 1.908;
R( 10) 1.390000

R(am o 280000 LINDO SHSTEMS INC. [ I



° Conditional Value at Risk

CVaR requires us to specify a risk tolerance p, e.g., 5%. If the
random variable w 1s the final wealth of the portfolio, then CVaR
chooses a portfolio and VaR threshold, 7, so as to maximize a
weighted combination of: the final portfolio value, the VaR value,
and minus the expected amount by which the final portfolio falls
short of the VaR target. Optionally, we may specify an expected
return preference a > 0. Algebraically, the CVaR objective is:
Max a E(w) + pt— E(max[0, t —w]).
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Conditional Value at Risk, Details

! Compute portfolio value, R(s), under each scenario s;
@FOR (SCENE (S) : R(S) = @SUM(ASSET(J):VE(S,J) * X(J)):;
! Measure deviations from target T;
DVL( S) - DVU( S) =T - R(S) ;
);

! Compute expected value of ending position;

[DEFAVG] AVG = @SUM( SCENE(s): PRB(s) * R(s)):;
! Ending value >= target ;

[RET] AVG >= TARGET;
! Minimize conditional wvalue at risk;

[OBJV] MAX = OBJ; OBJ = ALPHA*AVG + RHO*T - @SUM( SCENE(s): PRB(s)* DVL(s))
! Notice that as long as the fraction of the scenarios with
R(s) < T is < RHO, we ( and the optimizer) can increase T;
Variable Value
RHO 0.1660000
TARGET 1.150000
OBJ 0.1625300
T 1.017901
AVG 1.150000
X( ATT) 0.5813256 ASSET= ATT GMC Usx ;
X ( USX) 0.4186744 GF = ! Growth Factors, each investment;
R( 1) 1.236780 1.300 1.225 1.149
R( 2) 1.168732 1.103 1.290 1.26
R( 3) 1.300991 1.216 1.216 1.419
R( 4) 0.9406024 0.954 0.728 0.922
R( 5) 1.029482 0.929 1.144 1.169
R( 6) 1.017901 1.056 1.107 0.965
R( 7) 1.077774 1.038 1.321 1.133
R( 8) 1.358208 1.089 1.305 1.732
R( 9) 1.061111 1.090 1.195 1.021
R( 10) 1.103096 1.083 1.390 1.131
R( 11) 1.022858 1.035 0.928 1.006
R( 12) 1.482470 1.176 1.715 1.908; leo SLIS-IEMS INE
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Portfolio’s: Various Objectives

! Scenario portfolio model with various possible objectives.
See end of model

LINGO will automatically choose the appropriate solver:
Linear, Quadratic/Second Order Cone, or Nonlinear;

SETS:

SCENE: PROB, R, DVU, DVL, DV2, DV3, DV1;

ASSET: X; !' X(3) = amount to invest in asset 7J;

SXA( SCENE, ASSET): GF ;
ENDSETS
DATA:

TBILLGEF = 1.05; ! Risk free growth factor, e.g., for money invested in Treasury Bills;
TARGET = 1.15; ! Target growth factor;

SCENE = 1..12; I Number of scenarios;

! Our investment opportunities, in addition to T Bills;
ASSET= ATT GMC Usx ;

! Some equally likely scenarios of the future
values of each of the intruments per $1 invested today;
GF = The yearly Growth Factors for each investment;

]

1.300 1.225 1.149°
1.103 1.290 1.260
1.216 1.216 1.419
0.954 0.728 0.922
0.929 1.144 1.169
1.056 1.107 0.965
1.038 1.321 1.133
1.089 1.305 1.732
1.090 1.195 1.021
1.083 1.390 1.131
1.035 0.928 1.006
1.176 1.715 1.908;

! All scenarios equally likely;
PROB =.083333 .083333 .083333 .083333 .083333 .083333

.083333 .083333 .083333 .083333 .083333 .083333; LINDQO SHSTEMSlNC.

ENDDATA




Portfolios, Various Objectives, Basic Model.

@FREE ( AVG) ;
! Stage 0: Choose the X's and AVG;
! Budget constraint;

[BUD] @SUM( ASSET( J): X(J))+ XTBILL = 1;
! Target ending value;

[RET] AVG >= TARGET;

! Stage 1:
@FOR( SCENE( S):
GFREE( R( S));

! Compute R(s) = wvalue of total portfolio under scenario s.

X (i) = amount invested in instrument i;

R( s) = QSUM( ASSET( j): GF( s, j) * X( j))+ XTBILL*TBILLGF;
! Measure deviations up and below from average;

DVU( s) - DVL( s) = R(s) - AVG;

) ;

! Compute expected value of ending position;
AVG = (@SUM(SCENE(S): PROB(S) * R(S)):

LINDO SHSTEMS INC. [ I



Portfolios, Various Objectives, |

! Set objective to one of the following...;

! Linear objectives;
! 1) Minimum absolute deviation(MAD) in return;
! MIN = @SUM( SCENE(s): PROB(s) *( DV1(s)));

! 2) Downside risk;
! MIN = @SUM( SCENE(s): PROB(s) * DVL(s))

! Quadratic objectives;
! 3) Simple variance;
! MIN = @SUM( SCENE(s): PROB(s) * ( DV1( s))*2);

! 4) Semi-variance, or squared downside risk;
! MIN = QSUM( SCENE(s): PROB(s) * DVL(s)*2);

! Conic objective,
5)Value-at-Risk, assuming Normal Distribution
and a 5% risk tolerance;
! SD*2 >= (@SUM( SCENE (s): (DV1(s))*2);
! Maximize a weighted combination of mean less SD;
! MAX = AVG - 1.645*SD;

LINDO SHSTEMS INC. [ I




Portfolios, Various Objectives, Il

Nonlinear objective;
6) Absolute deviations raised to 3rd power ( We hate large deviations);
MIN = @QSUM( SCENE(s): PROB(s) * ( DV1l(s))”"3);

7) Tell Global solver to trust us that we know the objective is convex;
Deviations raised 3rd power ( We hate large deviations) ;

CUROBJ >c= @SUM( SCENE(s): PROB(s) * ( DV1l(s))”*3);

MIN = CUROBJ;

8) To illustrate the generality of Conic/SOC capability,
3rd power objective converted to SOC form;
@FOR( SCENE (s) :
DV2 (s) >= DV1(s)”*2;
Force DV3 to = the third power;
DV3(s)* DV1(s) >= DV2(s)"2;
)
Sum of the 3rd powers;
MIN = @SUM( SCENE(s): PROB(s)*DV3(s));
In fact, any power > 1 can be converted to SOC;

LINDO SHSTEMS INC. [ I



Portfolios, Various Objectives,

Case 4 (Semi-variance):

Global optimal solution found.

Objective value: 0.7155100E-02
Elapsed runtime seconds: 0.08
Model is convex quadratic

Variable Value
X( ATT) 0.1903418E-06
X( GMC) 0.1068679
X ( USX) 0.4470278

LINDO SHSTEMS INC. [ I




Portfolios, Various Objectives

Case 6 (NLP, Deviations to 3*¢ power)
Local optimal solution found.

Objective value: 0.4715426E-02
Elapsed runtime seconds: 0.09
Variable Value
X( ATT) 0.3371926
X( GMC) 0.3272703
X ( USX) 0.1802045

LINDO SHSTEMS INC. [ I



Portfolios, Various Objectives

Case 8 ( Deviations to 3*@ power as SOC):
Global optimal solution found.
Objective value: 0.4715455E-02
Elapsed runtime seconds: 0.11
Model is a second-order cone

Variable Value
XTBILL 0.1553326
X( ATT) 0.3371927
X( GMC) 0.3272697
X ( USX) 0.1802050

LINDO SHSTEMS INC. [ I



o Stochastic Programming/Optimization (SP)

The *“gold standard” for planning under uncertainty.

LINDO SHSTEMS INC. [ I



° How is SP Information Stored in the SpreadSheet?

All information about the SP features 1s stored explicitly/openly on the
spreadsheet.

1) Core model 1s a regular deterministic
What’sBest! or LINGO model. You can plug in regular numbers
in a random cell to check results.

2) Staging information is stored in
Decisions: WBSP VAR(stage, cell list) and
Random variables: WBSP RAND(stage, cell list);

3) Distribution specification is stored in

WBSP DIST distn(table, cell list);
where distn specifies the distribution, e.g., NORMAL cell.

4) Sample size for each stage is stored in
WBSP_ STSC(table);

5) Cells to be reported are listed in
WBSP_REP(cell_list) or WBSP_HIST(bins, cell); LINDO SHSTEMS INC.



° Core Comments

The “Core Model” is a completely valid Excel model.

If you are doing neither simple optimization nor SP,
you can do complete “What-If” analysis with 1t
as a valid deterministic model.

If you have not turned on SP, you can do simple optimization
with 1t like any deterministic What’sBest model.

LINDO SHSTEMS INC. [ I



Stochastic Optimization: Newsve

ndor in What'sBest!

HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW Team What'sBest!
ﬁMEkEAdjLIStEmE a1 Minimize <= Less Than s+ Integers - @ —I:LDCEtE B License b‘}:’ Language English -
. %X Remave Adjustable |2 Maximize = Greater Than /¥ Options - 0 Help E," Register
Adjustable Best Constraints Solve
= Equal To i Advanced - B About & Check Update
Model Definition Settings Solvers  Information Services
B14 - Jr || =we(B13,">=",B12-B11)
A B c D E F G H | J 53 L M M

Stochastic Optimization of Newsvendor, Normal Demand (Linear version

Given all costs and prices, in [
Stage 0 we must decide how many newspapers to stock.
Stage 1, in the beginning, unknown demand is revealed to us, and finally in
Stage 1, atthe end, we compute our sales and the resulting profit.
1) Core model:

{ Stochastic Support

S5

Iv Use Stochastic Modeling | Use Simulation Format

Core Stage ]Distribution Scenario ] Reports ] Chance-Constrained ]

2) Spedfy the stage information for the Variables (Adjustables,
Formulas,
Constraints cells), and the Random cells using the set of WBSP_
Stage: Refers to:
| wesP_RAND ~| |1 | sas14 =
WESP_VAR
WBSP RAMD
Place function in cell: | ERE14 J Insert
Specifications

Optimization Method:

Solver Decides -

1

2

3

4

5

B

7 CP = Purchase cost/unit= 30

8 \=revenue per unit sold= 70

g P=5Shortage cost/(unit unsatisfied demand)= 20

10 H = Holding cost/{unit leftover)= 5

11 Q=5tock level(stage 0 decision)= 87| <<== 5tage 0 decision.

12 D=Demand(stage 1 random variable)=| 57 2654 <<== 5Stage 1 random demand.

13 LS = Lost sales= 0| =<==Stage 1 (recourse) decision.
14| LS ==D-Q (constraint)| == =<<== Stage 1 constraint.

15 | = Inventory| 29.7346| <<== 5tage 1 (recourse) decision.

16 | >= Q-D (constraint)] === <<== Stage 1 constraint.

17 TC =Total costof goods =CP *Q = 2610| <<== Stage 0 cost computation. |
18 TH = Total Holding cost=H"l=| 148.673| <<== Stage 1 compute holding cost. |
19 TS5 = Total Shortage cost= P*LS= 0| ====5fage 1 compute shortage cost |
20 VI =Revenue = V*(D-LS)=| 400858| <<==Sfage 1 revenue computation.
21 Profit, expected value, [To be maximized] =

22 TP=VI-TC-TH-TS =| 12499003 <=<==Stage 1 Profit (maximize)

23

Seed for Random Generator: ModellEME1T  _
Common Size per Stage: 2
¥ Sampling on Continuous Distribution Only

Help Cancel ‘ oK



Input via a Dialog Box, Newsvendor, Distribution

M

WBSP_VAR

Add stochastic data here
2) Stage information

(Qis a stage 0 decision)
3) Distribution information

|WBSP_RAND|  |WBSP_DIST_NORMAL
I 80| Mean demand
| |WBSP_VAR | 20|s.D.
:4] Sample size Random # Seed
WBSP_STSC | 55555
1200

15) Reporting cells
WBSP_REP
WBSP_HIST

Reporl on various variables D‘}' SCenario.
Give histogram(s) of variable(s).

110 - fx | =wesp_var(o,B11}
A B C D E F G H
4 | Stage 1, in the beginning, unknown demand is revealed to us, and finally in
5 | Stage 1, atthe end, we compute our sales and the resulting profit.
& |1) Core model:
7 CP = Purchase cost/unit= 30
8 \=revenue per unit sold= 70
g H = Holding cost/(unit leftover)= 5
10 | P=Shortage cost/{unit unsatisfied demand)= 20
11 Q=5tock level(stage 0 decision)= 87| <=<== Stage 0 decision.
12 D=Demand(stage 1 random variable)=| 57 2654| <<== 5tage 1 random demand.
13 LS = Losi Stochastic Support — ﬁ
14 LS>=D-Q (co
15 =1 v Use Stochastic Modeling [ Use Simulation Format
16 l>= Q@-D (co Core | Stage Distribution lScenario | Reports | Chance-Constrained |
17 TC = Total cost of g(}(}dg =0 3) Specify the assodated distributions or correlations using the set of
. WBSP_ functions.
18 TH = Total Holding cof
Refers to:
19 TS = Total Shortage cost=
| WEBSP_DIST NORMAL | B12 -
— —_ *
20 VI = Revenue = V*{{ WESF_DIST DISCRETE SV W
21 Profit, expected value, [To be maxinf) WBSP_DIST_BETA e
 EXP 3l rl WESP_DIST _BETABINOMIAL =
22 TP=VI-TC- TII' WESP_DIST_BINOMIAL
WESP_DIST_CAUCHY - tngert
23 WEBSP_DIST_CHISQUARE -
24 WBSP_DIST_EXPONENTIAL
WBSP_DIST_F_DISTRIBUTION
23 WESP_DIST_GAMMA
2e WESP_DIST_GEOMETRIC
WE! Status WB!_Histogram WBSP_DIST_GUMBEL
WESP_DIST_HYPERGEOMETRIC
—| WBSP_DIST_LAPLACE I
WBSP_DIST_LOGARITHMIC =~ —]
WESP_DIST_LOGISTIC Solver Decides
WBSP_DIST_LOGNORMAL
WESP_DIST NEGATIVERINOMI ModellgM§17
WBSP DIST NORMAL
WRSP NTST PARFTO 2
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o Input via a Dialog Box, Setting Various Options

Setting Retention:
Any settings made with a dialog box are retained when the

workbook 1s saved. The same settings will be there when the
workbook 1s next re-opened.

Settings such as Adjustable cells, constraints can be found by

clicking on:
Add-Ins | WB! | Locate

LINDO SHSTEMS INC. [ I



E13

19
20
21
22
23
24
25
26
27
28
29
30
N
32
33
3
35
36

Standard Scenario Report, One Line/Scenario

- fr | 2485.559
A B i D E
Expected Valus (EV) | 2485.561
Expected Valus of Wait—-and-5se Model's Chjective | 3189 24
Exzpected Value of Perfect Information (=|EYUS-EV]|) 703 .68
Expected Value of Hodeling Uncertainty (= |EV-EVEH| 41 55
REPORTIHNG CELLS

SCEHARIO FROBABILITY
Model!B1ll HModel!BlZ2 Hodel !B13
] I LOSTSALES
STAGE [ STAGE 1 STAGE 1
- 1- 0.005 a7 57 . 26538 1]
- 2— 0.005 87 BB R3273E 1]
- 3- 0.005 87 102.554636 15.554636
- 1— 0.005 a7 91 376783 4 376783
- 5— 0.005 87 96 .655923 9. 655923
- B— 0.005 87 45 . 670668 1]
- 7— 0.005 a7 103.812857 16.312857
- - 0.005 a7 83.128316 1]
- 9— 0.005 87 78.499431 1]
- 10— 0.005 87 98.565638 11.56G5638
- 11- 0.005 a7 85 .013049 1]
- 12— 0.005 87 69 487683 1]
- 13- 0.005 87 99 891866 12.691866
- 1l4- 0.005 87 133.747367 46.747367
- 15- 0.005 87 43 .663515 1]
- 16— 0.005 87 B7.908198 0.908198
WE! Status WB!_Histogram WEB! Stochastic Model +

What does the distribution
of Total Profit look like?

Mode=1lI1B15
IHVENTORY
STAGE 1

2973462
31.367264
a
o
o
41.329332
o
3.871654
2.500569
a
1.986951
17.512317
a
o
43 . 336485

Model B22
TOT_PROF
STAGE 1

1249 903478
1127 455202
3163 .907274
3392 464335
3286.88155
380. 300106
3143 .742851
3189 6237131
2842 457293
3243 637245
3330.978684
2166 . 57623
3226.16268
2545 . 052659
229 763642
3461 336042




0 Newsvendor with Normal Demand

Histogram

0.5
0.45
0.4
0.35

=
i

025

Frequency

0.15

g-:: =
=TI o
l
I
g
=

©
B
> I

TOT_PROF

Even though the driving random variable, Demand, has a
symmetric distribution, why 1s the output, Profit, so skewed?
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The Generic Capacity Planning Under Uncertainty Model

[ Widy s ' ¥ - i e e R =
N fra Sin -t e B | Wi bk E— = h.{. B rduzstle  |Bed Randam Mamal Eai T Th :_ ‘;I"I"_""" 5T A
ks -;:.g.:.n-....... WL ey EE R AR Slhiee L G L T I R il R 1 | CheckTall | Imins Datety Fuenal "j 3 Lt b P
A T T — : : =]
A E G o £ 3 i L ] B !
| (The Generic) Capacity Planning under Uncertainty
- Stage 0: We decide what capacities to install at various supply places(inventories, technologies, etc.). .
, Stage 1, Beginning: Demands at various demand locations are revealed,
. Stage 1, End: We satisfy demands from available capacities (by solving a transportation problem).
Step 1: Core Model Costiunit Capacity Upper \Step 2a: Staging info
Product to install installed lirmit WBSP_VAR |Declare stage 0 decisions
Anita 80 300 <= 9999 WBSP_RAND |Declare stage 1 random varfables
Daphne 80 383 <= = 9999 |WBSP_VAR |Declare stage 1 decisions .
Electra 65 4130: <= | 938% | Step 2b: Distributions
Generic backup 5 150 === 150 WBSP_DIST_DISCRETE_SV_W|Declare discrete joint distribution .
Total capacity cost: 85220 Demand scenarios Probability |
12 Scenarios  Anita Daphne Electra Wgts |
= Variant of Sport Obermeyer, Accurate Response Problem: | 1 300 400 400 0.5
1 Demand Polnts | 2 333 383 433 0.4
Anita Daphne Electra Cannot exceed 3 500 300 E00 0.1 |
16 Amount shipped Total capacity |Step 3 Scenario/sampling info
17 Anita 300 0 0 300 =<= | WBSP_STSC
1E Daphne 0 383 0 33| =<= | Stage Scendrios |
Electra 0 0 400 400/ =<= | 1 10/
Generic backup 33 0 33 66 <= Step 4: Reporting info
Total in: 333 283 433 |WBSP_REP Reporting cells (optional):
Sales <= Demand:| =<= =<= | =<=
Demands{randnm}:[ 333 383 433
Incremental profit/unit Sales revenue Net profit
Anita 180 0 0 1762307 91010 <<== Max
Daphne 0 160 0
L Electra 0 0 140
2 Generic backup 80 50 &0
HoAk h. W S Wl Srechae - Cap Plan W Hatwerer o - 0 gl

o = | 244 I 1 = = =54
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 Scenari

C 19, Scenari
\lt_!f:i‘\m

i ﬂd J ¥ P Tap Pl Gevivks (Compratibiliy bods| - Morasatt Esced - =X
IJLE}H«»M'~-r-_mﬂ-l Fomidii  Dala  Bevew s Deleew | ssdim | W=
. WEx CEE RN LR v sew B
AT g — E
. A | 8 ] c | 0D |eeskel £ | 6 [ H | . . K L I

E ']

€ | STOCHASTIC INFCEMATION

]

[

8 | maNDOHS ]

10 | svices 2

11 wopes i

12 | =cEmarios 3

13
l#' Expected Valum (EV) n+

15|  Evpected Valus of Gait-and-Ses (EVES) 3, 263400400

16 |  Expected ¥alue using Expected Yalus Policy (EVEVE) B EE5240e+00L

1? Expmcted Valus of Perfect Inforsstiom (=|EVVS-EV|) 4, 14700 0m+003

18 | Expected Velus of Hodeling Dnomrtainty (= |EV-EVEVP|| 7 534600e+003
19

20 | REFORTLNG CELLS

21 | SCEMARID  PROBABILITY

| Cap Flap!C7 Cap_Flar!CE  Cap Flan!C3  Cap Flan!Cl0  Cap Plan!B23 Cap Plap!820  Cap FlapiC23  Cap Flan!C20  Cap Flam!DZ3  Cap Flan!D20  Cap_Flan!GZ

23| CABAMITA  CARDAPMME  CAPELECTRA  CAPGEMERIC LEHAMITA GENANITA LEKDAPHNE GERDAEHRE BEHELECTEA GENELECTRA VEHAE E]
24 STAGE 0 STAGE 0 STAGE 0 STACE D STUGE 1 STACE 1 STAGE 1 STRSE 1 STAGE 1 STAGE 1 STAGE 1

25 |

2:& = 1= 0.5 J00m 383 400 550 Ehi i 400 Ir 400 1] BeSLO

2= = o4 T 133 a0t 150 EEE 13 383 i 33 31 51020

28 - - 0.1 200 783 400 150 500 150 0 D 600 i BE 28]

29

30

31 | Eed ot Repart

32 |

33

34|

35

36

a7 |

28

T Ca i == — . ™ 1




Plant Location with Random Demand

.'/-‘g;\‘-l H=Z0 )+ SP_Plant_location.xls [Compatibility Mode] - Microsoft Excel - @ X
B
— Home Insert Page Layout Formulas Data Review View Developer Add-Ins @ - T X

WB! ~ KX KX ¥ | A<= = = &

Menu Commands Custom Toolbars
J7 - _t}| =WBSP_RAND(1,B14:E14)
A B G D E F G H J K L M M 0 P Q i
1 |Plant Location with Random Demand
2 Stage 0: We decide which plants to (keep) open, each with a prespecified capacity
3 |Stage 1: Beginning, Demands at various locations are revealed,
4 |Stage 1: End, We satisfy as much demand as we profitably can (by solving a transportation problem).
5 2) Staging Info
& (1) Core Model Fxd Cost Capacity Open? Effective Capacity [WBSP_VAR Declare the stage 0 decisions
7 Atlanta 90 59 0 0 |WBSP_RAND |Declare stage 1 random variables
8 St Louis 64 65 1 65 |WBSP VAR |Declare stage 1 decisions
9 Cincinnati 80 B5 0 0
10  Total fixed cost: 64 3) Probability Distn Info
11 |WBSP DIST DISCRETE SV W |Declare discrete weighted distribution, jointly
12 Customer Regions
13 ChicagoSanAnton.  NYC  Miami The random demands, 3 scenarios
14 \Demands 17 17 21 10 Scenario. Chicago  SanAnton NYC Miami  Probability =
15 1 12 11 19 16 02
16 2 15 16 22 12 0.5
17 3 17 17 21 10 0.3
18
19 4) Sampling Info
20 | Revenues Under Scenario X, per unit shipped: |WBSP STSC |
21 Aflanta 5 & 5 B Stage Scenario
22 St.Louis 5 8 4 4 [ 1 10
23 Cincinnati & 7 2 3 Capacity
24 |Decisions for Scenario X, Units to ship? Total Out of Constraints
25 Atlanta 0 0 0 0 0 == 5) Reporting
26 St.Louis 17 17 21 10 B5 =<= WBSP_REP Reporting cells (optional):
27 cincinnati 0 0 0 0 0 =<= WBSP HIST Histogram cell (optional):
28 Total Into: 17 17 21 10/ 281 <--Scenario Profit
29 Demand UB: == =z= === === (Maximize)
i 4 > ¥ W8l Status WBI_Histogram -~ WBI_Stochastic | Model %3 [ m |

Ready | 3 UE@ T ——




° Plant Location with Random Demand, Output

The output tab,
WB! Stochastic, contains two types of information:
1) Various expected values that measure the cost of uncertainty,
2) A scenario by scenario listing of selected variables so we can
explicitly verify what happens in each possible scenario.

We may optionally also

generate histograms in a WB! Histogram tab.

Later, we will discuss the various expected values and the
various costs of uncertainty.
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Plant Location, Scenario Report

!'/--53\] HE 0 s SP_Plant_locationxls [Compatibility Mode] - Microsoft Excel X

;‘E/ Home Insert Page Layout Formulas Data Review View Developer Add-Ins Q) X

wBlr | BEEX I [Ae== = B
Menu Commands Custom Toolbars
| Al - fr| What'sBest!® 10.0.1.2 (Jan 19, 2010) - Library 6.0.1.382 - Stochastic Report -
A B C D E F G H | el K

13

14 Expected Value (EV) 2. B66000e+002

15 Expected Value of Wait—and-Se= (EVHS) 2 672000e+002

16 Ezpected Value using Ezpected Value Policy (EVEVE) 2. 666000e+002

17 Expected Valus of Perfect Information (=|EVWS-EV]|) 6.000000e-001

18 Expected Valus of Hodeling Uncertainty (= |EV-EVEVF|) 0.000000e+000

19

20 REPCORTING CELLS

21 | SCENARIO PROBABILITY

22 Model!B14 Model!Cl4 Model!D14  Model |E14  Model!B26  Model!C26  Model!D26  Model!EZ6 Model IF28

23 CHICAGD  SANANTON HYC MIAMI STL_CHI STL SN STL_N¥C STL MIA TOTAL PROFIT

24 STAGE 1 STAGE 1 STAGE 1 STAGE 1 STAGE 1 STAGE 1 STAGE 1 STAGE 1 STAGE 1

25

26| -  1- 0.1 17 17 21 10 17 17 21 10 281

27 | - 2= 0.1 15 16 22 12 15 16 22 12 278

28 - 3- 0.1 15 16 22 1z 15 16 2z 1z 275

29 | - 4 0.1 15 16 22 12 15 16 22 12 278 =
30 - - 0.1 12 11 19 16 1z 11 19 16 224

31| - - 0.1 17 17 21 10 17 17 21 10 281

32 - - 0.1 12 11 19 16 1z 11 19 16 224

33| - s 0.1 15 16 22 12 15 16 22 1z 275

34 - 9= 0.1 15 16 22 12 15 16 22 12 278

35 - 1o0- 0.1 17 17 21 10 17 17 21 10 281

36

37

38  End of Feport

W4+ M| WEHI Status WB!_Histogram | WB!_Stochastic . Madel %1 E! I

Ready | 5 UE@ | 22036 (=) J (+)




Multi-Stage Portfolio Model with Downside Risk

_ej\ HE 0 s SP_CollegeDSCxls [Compatibility Mode] - Microsoft Excel - O X
f-:y Home Insert Page Layout Formulas Data Review View Developer Add-Ins 'g‘) - 7 X
= X Cut : — - = . 7 R T e 3 AutoSum ~ 3
J 23 Copy Arial i ?ﬂ% -|._ = Wrap Text General El _l:—Eﬁ .__‘d = j ;,'—l i ﬁ \ﬁ
P pomatpamer (8127 = 5 6 o e comer - | [8 w6 o J a1 et Fom, g | T G- Het

Clipboard L] Font IF] Alignment L] Number IF] Styles Cells Editing
K10 - Ji| =WBSP_RAND{1.B10.C10)
A B C D E F G H J K L 1] N 0 P a R E T 3

1 | Investment Planning for Going to College After 3 Periods.

2 | Two investment options each stage: Stocks and Bonds. Ref: Birge & Louveaux

3 80 = Goal for wealth at beginning of period 4

4 4 = Penalty/unit for wealth under goal.

5 1 = UWtility of wealth/unit over goal.

& 1) Core model

7 Growth facter Beginning Total Invest in 2)Time stage specifications for...

3 Stage Stocks Bonds Wealth invested Stocks Bonds Random variables Decision variables 3) Distribution specifications

0 557 = 55.0000 41.4793 13.5207 WBSP_VAR

10 1 1.25 114" er.262727 = 67.2627 ©5.0846 2.1681 [WBSP_RAND WBSP_VAR WBSP_DIST_DISCRETE_SV Growth factor distribution |

11 {equally likely) 3

12 2 1.25 114" 83.839805" = 83.8399 B3.8399 0.0000 WBSP_RAND WBSP_VAR WBSP_DIST_DISCRETE_SV Scenario Stocks Bonds

13 A 1.25 114

14 3 1.25 1.147 104.79988 WBSP_RAND WBSP_VAR WBSP_DIST_DISCRETE_SV B 1.06 1.12

15

16 Under goal: 0 4) Sampling specifications by stage

17 Over goal: 24.799881 T o»= 0 Stage # Scenarics

18 Net utiliw:' 24.799881 To be maximized 1 2

19 2 2

20 5) Reporting Specifications 3 2

21 WBSP_REP

22 WBSP_HIST

2

31

W4 M| WEI Status VWBI_Histogram WE! Stochastic | Model - WB_Hist %1 [ 1L

Ready | EEErT e

(1]

(+)



Multi-Stage Portfolio Model with Downside Risk

n::“ maEFilg = FrollegelSd als [Compatiblity Made| - Mool Ex =
Hos [T Page Lagaut Fotmuld Dala Errirw lew Devtocai Adg-Ink - BN
s debeirugdinn (IR Gl LR
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| llnvegtment Planning for Going to College After 3 Periods.
2 Two investment options each stage: Stocks and Bonds. Ref: Birge & Louveau
3 B0 = Goal for wealth at beginning of penod 4
4 4 = Penalty/unit for wealth under goal.
5 1 = Utility of wealth/unit over goal.
i 1) Core model
7 Growth facter Beginning Total Invest in 2)Time stage specifications for...
5 | Stege Stocks Bends  Wealth invested Stocks Bonds Random variables  Decision variables 3] Distribution specifications
g ] 55 = 550000 414733 135207 WEBSP VAR
] 1 1.08 1427 59111247 = 591112 36.7432 22 3880 WBSP_RAND WESP_VAR WBSP DIST _DISCRETE GCrowth facter distribution
1 {equally [Hoely)
F] 2 1.25 114" 7142857 = 714286 00000 714286 WBSP _RAND WESP VAR WBSP _DIST_DISCRETE Scenaro Stocks Bonds
1 Al 128 114
) 3 1.06 1127 80 WBSP_RAND WEBSP VAR VWEBSP _DIST_DISCRETE Bf 1068 1.12
i Under goal: 1] 4) Sampling specifications by stage
T Cver goal: 0 === Q WEBSP_ST50C Stage # Scenanos
1l MNet wtility: f 0 To be maximized 1 2
L 2 2
an ?] ﬁff[_png Specifications 3 2
7 WBSP _REP
33
i Stage Assumptions
M 1) Default stage assignment for a formula or constraint
25 = highest stage of any variable in the constraint
% or RHS of the formula, except,
an 2) Objective function is automatically assigned to stage 0.
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Multi-stage Portfolio: Solution and Policy
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Clipboard L] Font IF] Alignment L] Number IF] Styles Cells Editing
H19 - Jfe| ModellD12
A | B C D E T G H | J K L M
8
9 RAHNDONS &
10 STAGES 4
11 HODES 15
12 SCENARIOS ]
13
14 EXPECTED VALUE -1.514085=+000
15 Exzpected Value of Perfect Information Lower Bound 1.20110%9=+001
16
17 REPCRTING CELLS
18 | SCEHARIO
19 Model IF9 Hodel 1G9 Model!HY HModel!D10 Hodel IG10 Hodel!H10| Model 1D12 Model 1G12 Model |TH12 Hodel D14 Model!Dles  Model!D1
20 WEALTHO STOCKINVESTO BONDINVESTO WEALTH1 STOCKINVEST1 BONDINVEST1 WEALTH2 STOCEINVESTZ BONDINVESTZ2 WEALTHZ TUNDERGOAL OVERGOZ
21 STAGE 0O STAGE 0 STAGE O STAGE 1 STAGE 1 STAGE 1 STAGE 2 STAGE 2 STAGE 2 STAGE 3 STAGE 3 STAGE
22
23| - 1- EE 41 479272 13.520728 G59.111244 36.743215 22.368029) 71.428571 0 71.428571 a0 a i
24| - 2= 55 41.479272 13.520728 59.111244 36 . 743215 22.368029) 71.428571 0 71.428571 81.428571 1] 1.4285.7_
25| - 3- =33 41 479272 13.520728 59.111244 36 . 743215 22 368029 b4 b4 0 67 .84 12 16
26| - 4— =13 41479272 13.520728 59.111244 36 . 743215 22 . 368029 b4 b4 0 a0 a
27| - E— EE 41 479272 13.520728 67 26272 65 .094582 2.168138] 83.839905 83.839905 0 88 870299 a 8.8702¢
28| - b— 55 41.479272 13.520728 67 .26272 65.094582 2.168138] 83.839905 83.839905 O] 104.799881 0 24.7998E
29| - 7- =33 41 479272 13.520728 67 26272 65 .094582 2.168138] 71.428571 0 71.428571 a0 a
30| - a- =13 41479272 13.520728 6726272 65 . 094582 2.168138] 71.428571 0 71.428571 81 428571 a 1. 42857
31 . . .
e Notice when we put all our money in stocks in stage 2.... |_
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Yield Management:

Bird in Hand vs. Future Bird in Bush

O Wdd = P.Saat ponna sl [Eormmatibiity Mads| - Mcrnsalt
- Ho# [T Pags Logaut Fotmuld Dala Errirw lew Devhlocai Add-lni =
_: :::Lr A g ) .' Ka = om @ S virap Tewt General - h;l -'E Safjustable Hest Fgniiom a,;“m_a —..m —'. ,I_: 3:::..55."- ir Lﬁ

Py o Feennt puniue ||| B F W e Aoe |BE W R i Merge & Carae =% o0 __-onl-:'rr;t“-::l_ ahll';::el Bag Gicd Myt et Ovrle Pt || s ;:‘;_:_-‘ ;I:T:ﬂ‘

iphaeed Ford a Alsgrareni Murhe Thitey ekl By

—aw - Ji =WESF _RAND{d 512

iy B G 0 E F G H | o K L M M Q P 0 R = I L W

1 Yield Management Decision:.

¢ Each period we decide how many of the remaining seats to sell, and how many

1 to hold back to sell in the future for a higher price, if enough demand occurs.

4 Stochastic extension

% 1) Core model: 2) Stage information

& Seats(t) = Seats(t-1) - Sales(t); Sales(t) == Demand(t); Mark seat demands as

7 Period (Random) (Decision) Seats Price Specify stage random variables

8 0 Demand Sales 20 perseat Revenue of Accept decisions and give stage 3) Distribution information

@ 1 10" =>= 10 107 >= 0 12 120 WESP_ VAR WEBSP_RAND WBSP_DIST_DISCRETE

10 2 THoa= 5 5" == 0 15 75 WESP_ VAR WHRSP_RAND WHESP DIST_DISCRETE

11 3 7' == 1 4" »>= 1] 20 20 WEBSP_VAR WESP_RAND WBSP_DIST_DISCRETE

12 4 107 == 1 3" == 0 25 25 WESP VAR WBSP_DIST_DISCRETE

13

14 Max expected revenue: 240 WEBSP_ VAR Distribution of

15 Possible demands

16 ]

17 4) Sample size | 2

18 WESP_STSC 4

19 Stage  Scenario 10

20 1 3

21 2 3

22 3 3

23 4 3

24

25

28 5) Reporting Cells

27 WEBSFP_REP

28
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30
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° Markowitz Portfolio with Min Buy/Cardinality Constraints

Minimize x” Qx =YY q,*x*x,
2 X =1,

2 i X 2P,
I Complicating constraints:

Ly <x,<Uy, i=1,.,n
y;= 0orl, i=1,..,n
2. Vi< K,

Q 1s a Positive Semi-Definite n by n matrix of the covariances of n assets.
u; = expected return of asset i during the investment period,

p = target expected return,
L,= minimum bought of asset i, if any of it is bought,
U. = maximum quantity e.g., 1, that can be bought of asset i.

K = upper limit on number assets in portfolio.

I Budget constraint, Stage 0;
I Expected return of portfolio, Stage 1;

| If buy any, must buy at least L. ;

I Cardinality constraint;

This would be an easy convex quadratic problem if it were not for the
complicating constraints. LINDO API 9 has much improved methods

for finding good solutions quickly to problems of the above type.
LINDO SHSTEMS INC,
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Markowitz Portfolio with Min Buy/Cardinality Constraints-l|

Below are some results from letting LINDO API 8 and LINDO API 9 run for at most 300
seconds on a set of problems of the above type. Each problem had from 20 to 400 assets,
as indicated in the Problem name.

Best Results in 300 seconds. API 9
Best known API 8/LINGO14 API 9/LINGO15 Time (sec)
Problem solution Best soln Bound Best soln to best
Portdiagcard20 0.11022 0.11022 0.11022 0.11022 2
orl200-005-a 66.94 93.76 66.53 66.94 25
orl200-05-c¢c 49.14 54 .34 47 .14 58.85 10
orl200-05-£f 53.35 55.66 50.97 53.88 151
orl300_005 b 98.71 126.06 96.13 98.71 47
orl300_05_e 76.26 94 .88 74 .32 76.43 158
orl400_05_d 98.89 110.53 96.93 99.49 147
pard200_a 186.00 298.88 184.51 186.00 33
pard300_h 268.86 327.02 265.63 269.85 50
pard400_d 356.90 610.67 355.18 356.90 121
pard400_j 357.45 529.31 352.94 357.44 152
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