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Modeling Systems

Software systems for decision making:

e Optimization problems (max profit/min
COSt)

o Simplify the model building and solution
process

e Create maintainable models
o Adapt models quickly to new situations



Modeling: Past

In the early years: Implementation (software)
was cumbersome:

* Problem-specific

o Platform-specific

* Required high technical skills

Models not easily maintainable or adaptable

Today: modeling languages are (roughly)

 a means of describing problems to a
computer system in the same way that people
describe those problems to each other.



GAMS

- Modeling Systems: Present

Focus is on
application

A

\4

Focus is on
technical
details

Real World Problem

GAMS
Data €-> Model €= Solution

Operating System
Computer Languages
Solution Packages

Decision-
making
problem

Formulate as
GAMS model

Solve on any
platform using
any solver
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Basic Technical Principles

GAMS principles:

o Separation of model and solution methods
« Computing platform independence
« Multiple model types, solvers, platforms

« Balanced mix of declarative and procedural
approaches

 Model is a data base operator and/or object



GAMS

“E GAMS Language Example

Transport:

2.5

.8
— @ Topeka

San Diego

Seattle

@ Chicago

Minimize: Transportation cost (distance & units)

Subject to: Demand satisfaction at markets
Supply constraints




GAMS

wp Transport Model (IDE)

— gamside: C:\pamsprojects\conferences\informs2004\models\p.gpr - [C:\gamsprojectsiconferences\informs2004\models\t1.gms]
ICE Ele Edit Search Windows Utliies Help = 4

&/ Bl %% | % =l @) &|al = il

m&gms‘m&gms‘m4gms‘m5gms|pammm_ammsagms‘pnmmm_ammgms‘pDNdMJdngms|tLgms trnsport.ams

Sofftext ~
Sets
i Rt A SRR Model data
parameters structures and
03)  domond be mecies 3 im comens constraints (no
Parameter c(i,]) transport cost in thousands of dollars per case ; (jfitfi)
Variables
%(i,3) shipment quantities in cases
z total transportation costs in thousands of deollars ;

Positive Variable x ;

Equations
cost define objective function
supply (i) observe supply limit at plant 1
demand (J) satisfy demand a2t market J ;
cost .. z =e= sum{(i,]3), c(i,2)*=(i,]3)) :
supply (i) .. sum(j, =(i,3)) =1= al(i) ;
demand (J) .. sum (i, =(i,]3)) =g= bi(J) :

Model ml /cost, supply, demand/ ;
Solve ml using lp minimizing z ;

Display =.1, x.m ;

=
oo

35: 78 Modified Inzert




GAMS

— gamside: C:\pamsprojects\conferences\informs2004\models\p.gpr - [C:\gamsprojectsiconferences\informs2004\modelsim1.gms]

w0 Transport Model With Data

ICE File Edit Search Windows Utliies Help

EERIRT T wlela]

ml.gms m2.gms‘ m3.gms‘ m4.gms| m5.gms| purﬂuliu_access.gms‘ porfalio_excel.gms pDI‘l‘fDliD_jdbl:.ng| t1.gms ‘ trnspun.gms|

= il

Table d(i,]j) distance in thousands of miles
new-york chicago to
seattle 2.5 7
san-diego 2.

e
bl
m

[ W

IR

[ R}

1.8

Scalar £ freight in dollars per case per thousand miles /S0/

Parameter c(i,]) transport cost in thousands of dollars per
cf{i,3) = £ * d(1,3) / 1000 ;

Variables
®(i1,7) shipment guantities in cases
Z total transportation costs in thousands of deollars ;

Positive Variable x ;

Equations
cost define objective function
supply (i) observe supply limit at plant
demand (]) satisfy demand at market J ;

45: 68 Modified Inzert

Model data
structures and
constraints with

Sets -
i canning plants / seattle, s=san-diego /
9 markets / new-york, chicago, topeka / :
Parameters
2({i) capacity of plant 1 in cases
/ seattle 350
san—-diego eaa  /
b(J) demand at market ] in cases
/ new—-york 325
chicago 300 (jEit61.
topeka 275 / :

£
©




Features

GAMS:

« Offers single point of support
e Large number of model types
* Multiple platforms

o State of the art solvers

e Large user base (10,000 of customers In
over 100 countries)

e Large model library and public models
e GAMS User List

10



Multiple Model Types

Includes:

« LP - Linear Programming

 MIP - Mixed Integer Programming

e QCP - Quadratically Constrained Programming
 NLP - Nonlinear Programming

e CNS - Constrained Nonlinear Systems
 MINLP - Mixed Integer Nonlinear Programming
« MPEC - NLP with Complementarity Constraints
« MPSGE - General Equilibrium Models

o Stochastic Optimization

11



Supported Platforms

Solver/Platform availability - 21.4 September 6, 2004

Intel Sun Sparc  HP 9000 DEC Alpha IBM RS-6000 SGI
Windows Linux Solaris HP-UX11  Digital ATX 4.3 IRIX
95/98/Me/NT/2000/XP Unix 4.0
BARON 7.2 v v v
BDMLP v v v v v v v
CONOPT 3 v v v v v v v
CONVERT v v v v v v v
CPLEX 9.0 v v v v 8.1 v v
DECIS v v v v v v v
DICOPT v v v v v v v
LGO v v v v v v
MILES v v v v v v v
MMINOS v v v v v v v
MOSEK 3.0 v v v v
MPSGE v v v v v v v
MSNLP v v
NLPEC v v v v v v v
OQNLP v v
OSL V3 v v v V2 v V2
PATH v v v v v v v
PATHNLP v v v v v v v
SBB v v v v v v v
SNOPT v v v v v v v
XA v v v v v v
XPRESS 2004 v v v v

For backward compatibility we maintain older versions of operating systems and solvers. Please call.




Supported Solvers

BARON
EDMLP
Com
CONOPT
CONVERT
CPLEX
DECIS
DICOPT
EXAMINER
GAMSBAS
GAMSCHE
LGO
MILES
MINOS
MOSEK
MPSGE
MPSWRITE
MSNLP
NLPEC
OONLP
OSL
OSLSE
PATH
PATHNLP
SEB
SCENRED
SNOPT

XA

XPRESS

Branch-And-Feduce Optirnization MNavigator for proven global solutions from The Optimmization Firm
LP solver that comes with any GANS system

Link to the solvers in the COTN-CF project (Computational Infrastructure - Operations Eesearch).
Large scale NLP solver from ARKI Consulting and Development

Frame wortk for translating models into scalar models of other languages

High-petformance LP/IP solver from Tlog

Large scale stochastic prograrming solver from Stanford University

Framewotk for solving MINLP models. From Carnegie Mellon University

A tool for examining solution points and assessing their merit

A Program for Saving an Advanced Basis for GATNE

A Bystem for Examining the Structure and Solution Properties of Linear Programming Problems Selved using GANS
Lipschitz global optitizer from Pinter Consulting Services

MCP solver from University of Colorado at Boulder that comes with any GAMS systern

MNLP solver from Stanford University

Large scale LP/MWIP plus conic and convex non-linear programing system from EE A Consulting
Modeling Environment for CGE models from University of Colorado at Boulder

MPS file generator that comes with any GAWS System

hfulti-start method for global optimization from Optimal dethods Tne.

MPEC to NLP translator that uses other GAMWS NLP solvers

hfulti-start method for global optimization from Optimal dethods Tne.

High performance LP/VTE solver from [BM

051 Stochastic Extensions for solwing stochastic models

Large scale MCP solver from University of Wisconsm at Madison

Large scale NLP solver for convex problems from University of Wisconsin at Madison
EBranch-and-Bound algorithim from ARKT for solving WMINLP models

& tool for the reduction of scenartos medeling the random data processes

Large scale 3QF based WLP solver from Stanford Urniversity

Large scale LP/MWIP system from Sunset Software

High performance LP/IP solver from Dash

29 supported
solvers (including
global solvers) plus

several
contributed plug
and play solvers
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| Live Software Demo |

e Using the GAMS IDE

* Modifying models to handle new
situations

14



Model trnsport.gms - LP

Sets

i canning plants / seattle, san-diego /

] markets / new-york, chicago, topeka / ;
Parameters

a(i) capacity of plant 1 In cases

/ seattle 350 ) )
san-diego ~ 600 / Solve using “s=m1” option
b(J) demand at market jJ in cases ;
7 neneyork 325 (to save model info)
chicago 300
topeka 275 [/ ;

Table d(i1,jJ) distance in thousands of miles

new-york chicago topeka
seattle 2.5 1.7 1.8
san-diego 2.5 1.8 1.4 ;

Scalar ¥ freight in dollars per case per thousand miles /90/ ;
Parameter c(i,jJ) transport cost iIn thousands of dollars per case ;
c(i,j) = £ * d(1,j3) 7/ 1000 ;

15



Min/Max Shipments — MIP

Add additional constraints: (m2.gms)

Min/max shipments

Scalars xmin / 100 /,
xmax [/ 275 /;

Binary variables ship(i,j) decision variable to ship

Equations minship(i,j) minimum shipments
maxship(i,j) maximum shipments ;

Minship(i,j).. xX(1,3) =g= xmin*ship(i,j);

Maxship(i,j).. x(1,J) =1= xmax*ship(i,j);

Model m2 / cost, supply, demand, minship, maxship /;

Solve m2 using mip minimizing z;

Restart using “r=m1” option

16



Nonlinear Cost — NLP

Change objective function: (m3.gms)

Scalar beta;
Equations nlcost) Nonlinear cost function ;
NIcost.. z =e= sum( (i,]J), c(,))*(1,j)**beta);

Model m3 / nlcost, supply, demand /;

Beta = 1.5;
Solve m3 using nlp minimizing z;

Beta = 0.6;
Solve m3 using nlp minimizing z;

Restart using “r=m1” option

17



Min/max and NL Cost — MINLP

Add both the nonlinear function nlcost and
the max/min shipment constraints:
(m4.gms)

Model m4 / nlcost, supply, demand, minship, maxship /;
Option minlp = baron;

Solve m4 using minlp minimizing z;

Option minlp = sbb; Option nlp=snopt;

Option optcr=0;

Solve m4 using minlp minimizing z;

Restart using “r=m1” option

18



| Done With Demo |

19



Other Language Features

For and while loops
If — else constructs

Unix-like data manipulation utilities for
Windows (grep, awk, sed, etc.)

Statistical functions (distributions)

20



Change In Focus (Future)

Computation
Past

Algorithm limits
applications

Problem representation
is low priority
Large costly projects

Long development
times

Centralized expert
groups

High computational
cost, mainframes

Users left out

Model
Present

Modeling skill limits
applications

Algebraic model
representation

Smaller projects
Rapid development

Decentralized modeling
teams

Low computational
cost, workstations

Machine independence

Users involved

Application
Present/Future

Domain expertise limits
application

Off-the-shelf graphical user
interfaces

Links to other types of
models

Models embedded in
business applications

New computing
environments

Internet/web

User hardly aware of model

— 21



New Challenges

Model only small component of a complex
application:

Particular emphasis on

* Need to interface with databases

 |nterface with other analytic/visualization
engines

« Embed in web-based applications

22



Interfacing

GAMS offers full range of interfacing

capabillities:

Data Import/Export from Standard
Applications

— MS Office, Databases, Text Files,...

Execute programs from within GAMS
(including another GAMS job itself)

Call GAMS from complex applications
Visualization tools

23



GAMS

“ scenario: Import/Export Data

External Import
Database A
_ Direct Interface
Text Files (Office Appl.)
\/
Export

24



GAMS

“¥ Embedding

Programming

External Language or other
Application Application
Call GAMS
Call external
program (including
GAMS)
Application

25



GAMS

— Examples — Mapinfo

L A \.;' G

000000000




Examples - GnuPlot

/3 Performance Profile Summary - Microsoft Internet Explorer E]E]
File Edit Yew Favorites Tools  Help .’.
o Back - Iﬂ IJ . ’ ‘Search " Favorites er Media 5. - . -
Address & hkkp: /e, gamsworld, orgfperformancefconoptadyresultsiprofile_surmmary, hkm hd _J Go Links >
- . . . . . - . Y
Relative objective difference within 0 (wrt to best value) - data file: profile 0.bd
Per-formance Profile
100 .
o - -----------------------------------------------------------------------------
= T ---------------------------------------------------------------------------
7 — ----------------------------------------------------------------------------
o .
E 5
T e e T
" :
E :
£ e
N :
&
g ------------------------------------------------------------------------------------------------
c
&
D T S COMOFT] ———
CAH_SOLVE
B 1 1
1 i@ 18@ jR=cl]
Time Factor
v

cj Done

) Internet
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Examples —- GAMS/MATLAB

centimeters

5 = 1100

ML L LT

S

L Y
)
1
I
¥

2.5

25 5
centimeters
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Examples — GIS Mapping

Total average yearly NO, immission

Coupling GIS databases with models
permits efficient data handling,
preparation of scenarios, displays of
results, animations.

GIS computations permit the evaluation
of spatially related costs or technical
coefficients.

EMISSIONS - IMMISSIONS @

S
2| < N 2

HESTITUERI PAR DEFAUI

Select an Ontion

scale: 10 ng/m3-200 pg/ms3
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GAMS

“F various Front Ends

B SAT PROPHET RPS | Database: RPS31.AST.INTERN | User: prophetmaster

Client Model:

Electricity
Market

File  Settings

Window  Help

=l

9 ma

B X B OB & # @

Mandator:  |'P® i

o B & @ P

[

4

-l puchase electiicit <]
8 work vahies
PC2

E| {a\ Warizble time series
ﬂ purchase electricity

] work values

EHfg PC3

1 Varisble time series

: ﬂ purchase electricity

B work values

5T1

572

Sub models

@ Praperties

! curves browser

4 4k M F = a7 5 Browser| Comments Timeseries | work values |

10

El {3 Warigble time serics
ﬂ purchase electricity
B Work values

L costs
3 PC2
El {3 Warigble time serics
ﬂ purchase electricity
B Work values

L costs
3 PC3
El {3 Warigble time serics
ﬂ purchase electricity
B Work values

L costs
3 5Tl
5T2
Sub models

£

7@ Libares
Bl Curves browser

H-F Balancing media

urves browser

B [= ‘5"’—‘ Erowserl Commenlsl Time series  Work values I

=101 x|

Values Chatt |

Instance
EEXDEL Index . ||cr;dsitcsat°r A1) Values | Chat | zotpol | al
™ 82 |anergy balance Zeprofi[14.02.2002 (1.0 - 15,02 2002 00,00 @] Zewaum  [1e02z002 E|[or00 [is0z20 @[ fizon
Zewam  [14022002  m[0100 [15022002 )] [00:00 g Chatprctle | [
Chart profile I g Time series Icosls[compleu cogeneration 1 - sed1 4 PC1] j 1': f_J i
Time series | purchase electicity in Mw[complex cogenere 7] €17, [ ¥ oD ‘ = ‘ “ |
¥ 2|&®m|o |

oo 2o ooo oo oo ooo oo oo
28 88 EBE8&8 58 B&8 EBS5& 88 8
EA6 T W E@& w6 =W mE@ = &
58 232 &8 ¢ TP ST OER B
AN NN N NN SN NN NSNS N o
298 S8 gBg2& g5 g8 gZg2g g9 o
28 =22 EES8 S8 BE BEE EE =
eI = T T I I - R - R
B B N Y I S IV R
88 S58& B&8& &8& BE 882 88 8
T2 ww www wF = F T AT wx
Zeit

I rurchase electricity in Mw[complex cogeneration 1 - scdl - PC1]
~ [ rurchase electricity in Mecomplex cogeneration 1 - sce - PCZ]
¥ [ ] purchase electricity in Mlcomplex cogeneration 1 - scdf - PC3]
~ I . chse slectricity in M@[complex cogensration 1 - scd2 - PC1]
¥ [ ]purchase electricity in Mé{complex cogeneration 1 - sco2 - PC2)
¥ ] purchase electricity in Mw[complex cogeneration 1 - scd2 - PC3]

14.02.2002 01:00
15.02.2002 00:00 [3

Feit

[¥ —B— costs{complex cogeneration 1 - s FPEA]
[V —— costsfcomplex cogeneration 1 - sedl #PC2]
i a costg[complex cogenerstion 1 - scot FPC3]
[V —— costscomplex cogeneration 1 - sod2 fPC1]
I (m} costs[complex cogeneration 1 - scd2 FPCZ]
¥ @ costs[complex cogeneration 1 - scd2 fPC3]

Hum 31.08.2004 11:26:54 ‘

SAT-PROPHET

30



Various Front Ends

LIMS Graph

Lab Key i.ﬁLKYFUD v; Cuality MOM - | Average: ;91_0?33 St. Dev: 30.33480

@ StarBlend 3.0

File Edt Tools ‘wWindow Help b | 69| e | E5|aee| |20 28| gl | me] 5| =a]|e3] ] ®|Q)
b T B | wor
Blends B
)
5
Prezz here to examine blend C
. tank capacities r T
Client
Q1.0 T
M Od e | Praduct Requirements Order £ =
. ; (]
G asol Ine Prilnadr;‘gt Period Blend Tark el .
H JSEC48 L 1 TANKI08 DS st i e e e i e s i
Blendlng Eb4135 2 TAMES7 L
g2 29 1TU E2 TANE1DZ a0 } } ! | | } } } } | ] | ! ] | D
...... | i = . N
EM3ES 4 TaNEI1Z | Detail on Blend Tank: TAMNK108 i,
r r;n*‘m = ToaRIL A Blend Tank TANK108
P UMLEADED MOGAS -
Product Group Limits sttnnanimmmansnnpatey Description Ll
[Eroup Group | “aolume Yiolurme ..fj m ‘m
I ame MHumber ki b
— Capacity Froperty Yalue :A:I
bdininnLimm Open b awirnum | — 4 T ank Min 18
18 19.5 116 %TankDpen 19.5
. : | Tank Max 116
; ROM 92

Benzene 208

| T10 BE :_j

A +st;“§§-}3ﬁf{;ﬁ;§ Contral T ank MON 821
e AP 59,31
o ?‘ s ey IR | Gravit 7442
o . i

i

Elend Flag




Various Front Ends

Cadet Schedules with Constraint Yiolations, AYT 2001-1

Header Information

Select Constraint Type: |3 FREE HOUR COMSTRAINT j Free Hour Violations: | 13 =
Filter In: | j Design Group Violations: | 4 i

Unhalanced Schedule Violations: | i —

Cadets With Schedule Violations FREE HOUR CONSTRAINT
Course  Total Enroliment | Marne S5 | Grad¥r  Reviewed

. EM3B24]  |BASS,WILLEC, 156-64-7173 m—lj Details |
Client PHIE5 BROVN, JAMEY A. 275-T6-0461 2002
. EmMIGE224 BUMTIMNG, BRIAMN M. 220-17-7190 2002 I_ cﬂurseﬁuurs
Model: EM301A CHONCWSKI, DAYID P. 351-68-9536 | 2002 . |'
EN302 COOPER, GRAIG W, 242-31-2882 2002 r
Course EM3014 CULLUMBER, CRAIG M. 217-13-3287 2002 -
. EM3E2A DONMELL, TYLER R. 131-62-6935 2002 r
Schedullng EM3E24 EDGAR, BENJAMIN T. 411-45-3480 2002 r |
at West Cadets: 43
POlnt Fia51 | Civil Engineering Major | FOS2:
Eng Seq CIVIL ENGINEERIMNG
Auctivity
Codetgy| “o0" 3) 1Day TOPA] 2 414 COPA| 2699 (3) 2 Day
Hour Course Yiolation Owertide Hour Course Yiolation Cwarride Schedule
A |F'E31IZI Z Hour G |553m
B |MA354 H |H|3|:|1
C |P|_3un | |EM354A
D |P|_3un J |EM354A
E | Emas2a kK | R OK
F | Emanza N Close




lllustrative Examples

e Writing to Excel
 Reading from Access
 Embedding in another application

Real-world scenario

 Likely will involve the model being only a
small component of the application
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Excel Example

£ Microsoft Excel - results.xls

] Fle Edt Wew Insert Format Iools Data Window Help Adobe POF == x|
DEEE &RV & RRa<T o- @ = A 2Rl 4 oo - (7)) Ael -1 - BIUS=E 7
TEY
7 d| =
A B C D E F B H | —
1 Ip mip nip-convex nlp-noncon  minlp [
2 seattle new-york 50 150 142.38408 132.5577
3 seattle chicago 300 200 130.92094 300 117.4423
4 seattle topeka 76.685987 100
5 san-diego  new-york 275 175 182.61592 325 192.4423
& san-diego chicago 100 169.07006 182.5577
7 |[san-diego  topeka 275 275 198.31401 275 175 I:
8
9
10
11
12
13
14
15
16
17
18
19
4] 4] » [ M} Sheetl / Sheetz £ Sheets / [«]
Ready MM |SCRL




GAMS

“= Fully Embedded Application

WEB CLIENT Web Front End
Communication via Graph Solution as HTML
HTML/JAVA Servlets (JAVA Servlets)

Get data using

SERVER Server
JDBC (.txt file)
JAVA Servlet Calls Return Solution®
GAMS (batCh flle) (.tXt flle) :
Get data
: using
BACK END
APPLICATION GAMS

: : Interface
............................................................................................................. 35



GAMS

" communication via .txt files

applications:
Get data using
(*_jdbc.inc file)
(runit.cmd) (results.txt file)
Get data
using
- GAMS GAMS
interface

Comma-delimited format most common for large scale
Call GAMS using batch file l T Return Solution
36




Sample File Formats

runit.cmd (Server executes GAMS)

cd C:\gamsprojects\conferences\informs2004\models\

C:\gams\21.4\gams portfolio %1.gms 1o=3 pf=pf.inc

REM i1n case of problems send zip file to administrator
C:\gams\21._4\gmszip log.zip portfolio %1.gms portfolio %1.1st *.log *.iInc

value jdbc.inc (Database sample input to GAMS)

GAB,951127,9.25
GAB,951128,9.25
GAB,951129,9.25
GAB,951130,9.5

results.txt (GAMS solution input to server)

MODELSTATUS,2.00
SOLVERSTATUS,1.00
GAB,28.05
GAP,0.00

GDW,0.00

GE,0.00

37



| Live Software Demo |

o Writing to Excel (m5.gms)

 Reading from Access
(portfolio_access.gms)

* \Web application (portfolio.htm using a
local server)

38



Web Front End

2 Portfolio Optimization Using GAMS - Microsoft Internet Explorer

File Edit Wiew Favorites Tools  Help l?

\() - J ﬂ ."\- 7 ) Search ‘\é:._-:..;"Favorites wMedia G-‘ =

Address @j httpefflocalhost: 8084 portfalio/portfalio. htm b E’ Go Links

Portfolio Optimization Using GAMS

This application illustrates embedding GAMS into a real-world web-based

financial application. The model used is the financial optimization model ° ;

portfolio.gms, which minimizes the risk given a user-specified expected return. Investment PGI’IOd
(Days)

 Number of Stocks

User may specify:

» Expected Return

The submitted data is passed on to the server, which solves the model using
GAMS and returns the results in real-time back to the client browser.

Minimum Return {in %): |2

Period (in days): 30 Days v » Solver

Number of Stocks (1-170): |10

Solver: MINOS » Database (Excel or
Back-end Database: Excel v

Access using GAMS
interface or Access using
Background JAVA JDBC)

A standard formulation for the optimal portfolio problem looks like:

min x'Qx

rx»>=R
Ax=b
x>=0

The Q matrix is often a variance-covariance matrix. r{7) is the return on
investment instrument i and R is the required return on the portfolio. 39




Output

2 Portfolio Optimization Results - Microsoft Internet Explorer

File Edit Wiew Favorites Tools  Help ﬁ'
- L] = M . N N
O Back = ? lﬂ lELI | &~ Search V\( Favorites w Media G;‘e T b
Address @j httpefflocalhost: 8084 portfoliofcallGams b a Go Links
~

Portfolio Optimization Results
Output:

Input - GAMS Output - Results

Palrri:ir)r:ﬁter Parameter Input Value
Return 25
200 % 10 « User input
Days 30 ¢
Database Excel parameters
Solver MINOS .

GAMS Output * Real-time GAMS

GAMS Log GAMS Rev 139 Copyright (C) 1987-2004 GAMS Development. output of model solve
Output A1l rights reserwved

Licensee: Armin Pruessner =040913/0001CR-WIN

SAME Development Corp. DC3589

--— Btarting compilation

--- portfolio Excel.gms (25) Z Mb

——- all GDHEERW.EXE =ets.xHlz set=days rng=davslal
rdim=1 set=stocks rng=stocks!Al rdim=1

Excel GDX interface DX XRW 0003 2004-08-30

Input file : C:%gamsprojectsiconferencesiinforms2004
Sportfoliokmodelshzets. xls

output file: C:hgamsprojectsiconferences‘\informs2004
Sportfolioimodelshsets. gdx

Total time = 359 Ms

--- portfolioc Excel.gms (26) Z Mb

—-—- 2all GLDHXEW.EXE data.=Hlz par=val rng=valuslil
rdim==2

Excel GDX interface GDX XRW 0003 Z004-08-30 40
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Output (continued)

2 Portfolio Optimization Results - Microsoft Internet Explorer

File Edit Wiew Favorites Tools  Help

) P - n
. ] \ ) <> i i 2) _—
O Back ?, \ﬂ \ELI | Search y &y Favorites @ Media € =

Address ﬂj http: filacalhost: s084/partfaliafcallGans M a &

——— Reading =soluticon tor model gqpl

——— portfolio Excel.gms(114) 4 Mb

—--— Putfile fres
C:hgamsprojectatconferences\informs2004
“portfolioimodelslresults. txt

**% Status: Normal completion

Results
Model Status 2.00
Solver Code 1.00
Stock Investment Percentage

caB  4054% [N

GAP  4.27% [
cbw  4.45% [}

GE 0.00%
ceN  19.87% NG
GENZ  0.00%
GGUY 0.13%
GIS  0.00%

GM 0.75% |

GME  227% |}

eNE  1548% [[IIEGN
oNTX  6.99% [
GPs  3.83% |}
GPTA 1.43% ||

Output:

e GAMS Return
Codes

e [nvestment
distribution

*Graphical output

41



| Done With Demo |
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Download GAMS

Free fully functional demo available for download
www.gams.com/download

Contains all available GAMS solvers.
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Contacting GAMS

In the US:

GAMS Development Corporation
1217 Potomac Street NW
Washington, DC 20007
Phone:(202) 342-0180

General Information and Sales: sales@gams.com
Technical Support: support@gams.com

In Europe:

GAMS Software GmbH

Eupener Str. 135-137

50933 Cologne

Germany

Phone +49 (221) 949-9170

Information/Sales/ Technical Support: info@gams.de
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