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GAMS Development / GAMS Software

b

* Roots: Research project
World Bank 1976

* Pioneer in Algebraic
Modeling Systems
used for economic modeling

« Went commercial in 1987

« Offices in Washington, D.C
and Cologne

* Professional software tool
provider, not a
consulting company

e Operating in a segmented
niche market

 Broad academic &
commercial user base
and network




Typical Application Areas *

o Agricultural Economics

« Chemical Engineering
 Econometrics
 Environmental Economics
* Finance

e International Trade

e Macro Economics
 Management Science/OR
* Micro Economics

Applied General Equilibrium
Economic Development
Energy

Engineering

Forestry

Logistics

Military

Mathematics

Physics

S * [llustrative examples in the GAMS Model Library
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GAMS Development / GAMS Software

I Working with GAMS - A Guided Tour

Model Development

Model Deployment and Maintenance



GAMS at a Glance

7 gamside: D:\support\eva.gpr

File Edt Search Windows Udlides el

T

3 ala]

\ 5 0:\supporttestchart.gch
chartdat. gms -:handata tastchart ach testchart. gch
Ftitle Create an example GDX Tile for the | | _
L sy domii] | Lot @& [0 3D|.¥.
ey StockData
s Develo 104 i
1 —DELL
Sstﬂ:le data for single lines, bars, pief 10
rs / y1998=y2005 /
parame'ter YearDatad(years). YearDataB(year:| qp3 —SUN
D{ e =
Al (- - support|\ chartdata.odx =13ix|
earDil chatdata gds
i
Betie [Entry[Symbol  [rype[Dim[Nr Elemlj StockData
set
jpar 10GanttData  Par 3 Plane Index (empty) ‘
scalal
. #{Homts Par 2 200 IaTiam [x0[36742 5472285817 ﬂ
Luog(; 8 Scatter2D Par 2 40 m 100
5
pof]__‘°fScattedl; JPar’| 2 &0 DELL|x0] 36742 5472285417 v \A/V
;_j 13 ScenarioData Par 2 136,000 40 100 T T T
i . 38,780 38,800 38,820 38,340
i 2|StackD EE
sstit) | 11 Sudace Par | 2 2500
et I 100
S Sector S Fon N2 B SUN [x0] 36742 6472285417 Suriaca
6 Vector2Db  Par 2 80 40 00
— T|VectodD  Par | 2 120 FolEw (0367435472254 17 |
1/YearDataA  Par 1 8 %S 1
1 _Reset | poge 7 Sauesz
ector 2|YearDataB  Par 1 8 il |
26ta ax
. 3 YeaDataC Par 1 8 || __Sot | Ordering: 1
N0 active process % ] 06
charldat'
05

<

Job chartdat.gms Start 05/05/06 13:08:00

GAMS Software GmbH

--- Starting compilation
-—- chartdat.gms(133) 3 Mb
--- Starting execution
--- chartdat. gns(126) 7

--- Putfile f D:\s uﬂuurt tE tchart gch
=== Status: Normal complet
--- Job chartdat.gus Stop o fnsfns 13:08:01 elapsed 0:00:01.422

s Rev 145 Copyright (C) 1367-2006 GANS Development. A1) right | 04
Licensee: Franz Nelissen

5051012/

Close Openlog | ™ Summaryonly W Update

52 55 58 512516520 524 SZB 532 536540 545349
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General Algebraic Modeling System:

Algebraic Modeling Language,
Integrated Solver, Model Libraries,
Connectivity- & Productivity Tools

Design Principles:

Balanced mix of declarative and
procedural elements

Open architecture and interfaces to
other systems

Different layers with separation of:
- model and data

- model and solution methods

- model and operating system

- model and interface




[ gamside: D:\support\eva.gpr i ] 5
File Edt o Uilities
| (2] 3eaf & | 5 [Fie =\ =T N
[E5j0:\supportitestchartgch Sil=lF=
chartdat gms  chartdatagds | testchartgch testchart. gch
StitTe Create an example GDX Tile for the -~
[=sam K
StockData
104 —1BM
1 ] —DELL
Sstﬂ:le data for single lines, bars, pief 101 HP
s [/ y1998=y2005 /9
parame'ter YearDatad(years). YearDataB(year:| qp3 —SUN
2 S =kd
1*”“‘ chaitdata gdx
i ; @
Sstit EnlrylSymbu\ |Type|D|m|Nr Elemlj StockData
set
param 10 GanttData  Par g 14 Plane Index (smpty) ‘
scalal
. #{Homts Par 2 200 IaTiam [x0[36742 5472285817 ﬂ
Luog(; 8 Scatter2D Par 2 40 m 100
o
pof]__‘°fScattedl; JPar’| 2 &0 DELL|x0] 36742 5472285417 \A/V
;_j 13 ScenarioData Par 2 136,000 40 100 T T T
i 38,780 38,800 38,840
: g
M 2 (stockData Par | FP x| sa742 s47zmsat7
sstit) | 11 Sudace Par 2,500
et I 100
S Yecto U o B SUN [x0] 36742 6472285417 Suriaca
6 Vector2Db  Par 80 40 00
— I[Vectord)  |Par 20 [i2iBw [x0|36743 5472285417 |
1/YearDataA  Par 8 e 5 Squeez‘
esel < 4
L(tm 2 YearDataB  Par 8 Dji'lm’;JE |
£5to ax
< 3 YearDataC  Par 8 = | Ordering: 1
1
charldat'
05

--- Job chartdat.gms Start 05/05/06 13:08:00

GAMS Rev 145 Copyright (C) 1987-2006 GAMS Development. A1l right

Licensee: Franz Nelissen 5051012/
GAMS Software GmbH

Starting compilation

chartdat.gms(133) 3 Mb

Starting execution

chartdat. gms (126) 7 Mb

Putfile f D:\support\ tE<tchart gch

Status: Normal complet

--- Job chartdat.gus Stop o fnsfns 13:08:01 elapsed 0:00:01.422

< |

[
Close Openlog | ™ Summaryonly W Update

-02
52 55 58 512516520 524 SZB 532 536540 545349

150
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State of art professional
modeling technology
Increased productivity
Robust and scalable
Rapid development
Broad Network
Large model libraries with
templates
Multiple Model Types
Platform / Solver
independence:
- Protection of investments
- Maintainable models
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System Overview

Interactive APIl/Batch

Connectivity Tools

Uniform Data
Exchange:

ASCII

GDX (ODBC,
SQL, XLS, XML)

GDX Tools
Data API
Ext. programs

EXCEL
MATLAB
GNUPLOT, ...

C, Delphi, ...

GAMS Language Compiler
and Execution System

Productivity Tools

* Integrated Development
Environment (IDE)

 Model Debugger and
Profiler

* Model Libraries

» Data Browser

e Charting Engine

* Benchmarking

* Deployment System

e Quality Assurance and
Testing

BARON, COIN, CONOPT,
CPLEX, DECIS, DICOPT,
KNITRO, LGO,MINOS, MOSEK,
OQNLP, PATH, SNOPT, XA,
XPRESS, ...
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Welcome to the GAMS 22.2 Setup
Wizard

i Setup - GAMS 22.2

Select Components
Which components should be installed?

Select the components you want to install; clear the components pou do not want to
irgtall. Click, Mewst when pou are ready to continue,

| Full inztallation

MeCarl User Guide

Copy license file

Loak im: | I3 tmp vl Q S A g
5 Soe El currstate bt ¢
9D ©@0ffce-Bbiothek Bt i
g'v HeceTt Spril E] dc5557 it l'
ETEE B2 El dict. bt ¢
[ Dserver-4.0 El dictorg.fxt E
e Dspec E distd.txt E
FHEP = sungrid ) eins. txt I'
, Cywizardry El erv.txt ¢
7] ) 100%2_2005_12-13_ NEXC txt [ Ergeb.txt i H
My Documents E albuirm. et El fle2 et E
E alruns. bt 25 t E
El bestbnd et El gamslog. et £
.-_11)3 E cegroup bt E) gilowr et k
by Computer
>
Q File name: |gamslice.t:-ct hd | I Open ]
g
Py Netwark, Files of type: | license file - | [ Cancel ]

2 lewis.gams.com - PuTTY

§1=

euroldelnx.zip

funzip euroclalnx.=zip

Archive: eurolelnx.zinp
inflating: lx3gams Sfx.exe
inflating: gamslice.Lxt

./ 1ud3gams_sfx.exe

InZip3FX 5.41 of 16 April 2000, by Info-ZIF

izts.wku.edu) .

extracting: gams.zip
inflating: gamsinst
inflating: gamsunpack
inflating: gmaun=ip

frm eurol&lnx.zip lx3gam= =fx.exe

§./gamsinst -a

gam=inst wersion 034

Installation of GAM3 distribution 22.2

Unpacking GALAMI

estimated disk blocks needed
3151
I executing—-=-

fexport PATH=/home/susanne/euroz006/ : §PATH

20480, swvalilable

.S gamsunpack

FOX

{Zip-Bugs@1

9z
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Edit Search Windows Utiites Help

Crl+h
Crl+0

REY

Cpen

Open in Editor

Open in project directory

Project Open User Model Library

[*5 GAMS Model Library Version 24.0

Search |indus89

Seqir | Mame + |Applicati0n Area | Type | Contributor | Description

305 HERVES Engineering DHLP  |Meeraus, W' H | Herves (Tranzposable Element] Activity Caloulations
0839  HHFAIR Macro Economics MLP Fair, R C Househaold Optimization Problem by Fair
274 HHMAK Applied General Equilibrium NLF Hozoe, M A Household b aximization Problem

095  |HIMMEL11  Mathematics MLP Hirnmelblau, Himmelblau Test Problern Mumber 11

036  HIMMELTE |Mathematics NLF Hirmelblau, Area of Hexagon Test Problem

262 HOLIDAY  GAMS Language Features GAMS | GAMS Develop US Holiday and Leave Chart

033 HOUSE Mathematics NLF Borland Housze Plan Design

264 |H5E2 Mathematic: MLP Hock, w Hock - Schittkowski Problem 62

167  HYDRO Engineering NLP Wwiood, A Hydrathermal Scheduling Problem

073 IBM1 Management Science and OR | LP IEM Alurninwrm Alloy Smelter Sample Problem
160 ICUT Mathematics MIP GAMS Develop | Integer Cut Example

110 (MUK Finance MLP Drahl, H Financial Optimization: Risk Management
059 IMSL Mathematics LP IM5L Inc: Fiecewizse Linear Approximation

030 IMDUS uloy, J H Indus Agricultural Model

Agricultural Economics LP n}
icultural Ec

& Model

PO ad il ¥ T P DU TUNY SRR Y P

(INDUSB9,SEQ=181}

Indus Basin Model Revised - IBMR

This file contains the basic data and definition of the surfag

LT LTI L
-

4 gamside: C:\Documents and Settings\bussieck\My Documentsigamsdiriproject.gpr
Fle Edit Search Windows Utlities Help

BRI ca— T

EH c:\documents and|settings\bussieckimy documentsigamsdirlindus89. gms
indusB9 kst

(] (=] b5

indus89.gms

STITLE Indus Basin Model Revised - IEMR
Fontext

This file contains the basic data and definition of the surface water
system, Data Is complete for year 1988, Some parameters could be
computed for future years using growth rates provided in this file,
others had to be estimated and entered. Enter the year for which the
setup Is desired in set Isr (set isr should have only one entry).

(INDUSE9, SEG=181)

(I3

Ahmad, M, and Kutcher, ¢ P, Irrigation Planning with Environmental
Considerations - A Case Study of Pakistans's Indus Basin. Tech. rep.,
The World Bank, 1992,

changes for year 2000 runs
growth of crop yields sef to a maximum of 3 %

insert this line after growthcy parameter
AR o= 3 A . b

At et fc w1 S Aottt hetr fo

indusd

115074.076725 e
114525.604309

Iteration: 4085 Dual obijective =
Iteration: 4183 Dual objectiwve =
Removing shift (17).

optimal solution found.
CObjective 114873.655552

Restarting execution
induz8?.gms (3621 0 Mb

Feading solution for model wsisn

indus89.gms ({3621) 4 Mb

Status: Normal completion

Job indus8%.gms Stop 06/25%/06 04:53:12 elapsed 0:00:02.724

Close Openlog | [ Summaryonly ¥ Update

1:1

Insert




= lewis. gams.com - PuTTY
fgam=libh indusg9

Model indusS89.ogms retriewved
fgam=s indusg9

——— Job indusS§9 Start 06/Z9/06 05:01:Z2Z0
GLME Rew 145 Copyright (C) 1837-2006 GAMS Dewvelopment.
Licensee: EURD 2006 GAMS Workshop

FAMZ Software GmbH
——— S3tarting compilation
——— indus89.gms (3622) 4 Mhb
——— S3tarting execution
——— indus89.gm=s(3618) 5 Mb

——— Generating LP model wsisn

——— indus89.gm=s(3621) 7 Mb

e 2,726 rows 6,570 columns

——— Executing CPLEX

GAMS/Cplex Apr 21, 2006 LME.CP.CP zZ:Z

Cplex 10.0.1, GAMZ Link 31

Cplex licensed for 1 use of l1p,

Feading data...
Starting Cplex...
Tried aggregator 1 time.

LF Presolwve eliminated 250 rows and S05
boggregator did 652 substitutions.
Feduced LP has 1794 rows, 5113 coluwnns,

Presolwve time = 0.04 sec.
Initializing dual steep norms

Iteration log

Iteration: 1 Soaled dual infeas

non—zeroes

.2 031.034.041.L¥3 For Cplex 10.0

and barrier, with 4 parallel threads.

columns.

and 33006 nonzeros.

Z955667.467575

A1]1 rights reserwved
GOE06Z6/0001CE-LNE
DCE945




A few Words about GAMS Syntax

- New York

Topeka

2.9
San Dlego.\14

8

Seattle - \

Minimize Transportation cost
subjectto  Demand satisfaction at markets
Supply constraints

Chicago

14
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os gamside: C:\Documents and SettingsibussieckiMy Documentsigamsdirliproject.gpr - [e:\documents an. .. [';I@]_rzl

am [l Edit Search  Windows LUhilites Help - F x
| Gl % ¥ | %" -l o] 8| B - 8
I trhspart.gms
Variables -
®{1,]) shipment quantities in cases
z total transportation costs in thousands of dollars ;
Positive Variable x ;
Equations
cost define objective function
supply (i) observe zupply limit at plant 1
demand { ]} satisfy demand at market 7] ;
cost .. z =e= sum{{i,q), c{i,Jr*={i, 1) »
supply (i) .. sum(j, ®(i,])) =1= af{i) :
demand () .. sumii, x{i,9)) =g= by} :
Model transport /all/ : 3
< 3
16 1:1 Inzert
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GAMS Syntax — cont.

Symbols:
e Sets
e Parameters
* Variables
e Equations
* Models
» ASCII Output Files

Statements:

» Declaration + Data
statement

« Data Assignments

« Equation Definition

 Programming Flow
Control

e Option statement

Set

Parameter
Integer Variable
Equation

Model

File

cat,dog,ding1l*dingl10
cat 7

e, some, more
c:\t\text.txt
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. IDE: * Unix:

File—Model Library ¢ gamslib trnsport
trnsport $ vi trnsport.gms
$ gams trnsport

Hit F9 or Click “ $ vi trnsport.Ist
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IDE Project Management
Documentation

— User’s Guide/McCarl UG, Solver Manual
Model Library

Editor

Solver Selection

Option Selection

Listing file/Tree view/Error navigation
GDX Viewer

— Data cube

— Export to Excel

— Graphs
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Hands-on! Create result file

fFile X / result.txt /;

loop((1.]),
put fx i.tl j.tl x.1(i,j) 7/;
)

file fx / result.txt /;

x.pc=5; fx.lw=0; fxX.nw=10; fx.nd=4;
loop((1,3)$(x.1(1,J)>0),

put fx 1.tl j.tl x.1(1,)) 7/;

);
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The Mean-Variance Model
Markowitz (1952), Nobel prize 1990

Given Goal

Talk: Wednesday, 18:00,
Geb. 11.40, R. 202

Some investments x; with
historical data
— Rewards = Expected
returns of invest-
ments:
(Mean of historical returns)
— Risk: Variance of invest-

ments Q;; ‘

Balance risk r of
portfolio against
expected returns
of portfolio

Minimize variance v of portfolio for a given

target return r

~
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Variance
of Portfolio

Target
return

Budget
constraint

No short
sales
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Hands- On! Inspect qcp1.gms

* IDE:

File—>Model Library
qcpl

“gpdata.inc”

Select gcpl.gms
Hit F9 or Click

File—>Open in project dir

B

e Unix:

$ gamslib qcpl
$ vi gcpl.gms
$ vi gpdata.inc
$ gams qgcpl

$ vi gcpl.lst
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] s iy
ey - gh

Hands- on! Modifications to qcp1

e Make return a variable

Varirable ret;

retcon.. sum(s, mean(s)*x(s)) =e= ret;
ret.lo = totmean*1.25;

» Select a different solver
Option gcp=conopt;

* Minimize/Maximize return
solve qcpl min ret using qcp;
solve qgcpl max ret using qcp;

o Select QCP=cplex and primal simplex for solving the QCP
gpmethod 1 (in file cplex.opt)

e Complete model in gcpeuro06.gms
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Solver Option Files

Pass solver specific options
— E.g. tolerances, limits, algorithm selection

Solver option file solver.opt e.g. cplex.opt with solver
specific options (one per line)

Activate solver option file
- optfile=1 on command line/parameter window
- <modelname>.optfile=1; before solve

Multiple option files:
- solver.opt optfile=1

- solver.op2 optfile=2

— golver-999 optfile=999
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Special Solvers

« Solvers that do not solve the problem:

— CONVERT
« Converts the model into different formats
— AMPL/LINGO
e Converts model into AMPL/LINGO syntax and calls
the other system to solve the problem
— EXAMINER
* Checks the quality of a solution found by a different
solver
— BENCH
 Benchmarking solver




LT LTI L

[ GADS World Home | GMS2XX Translator | Search | Contact |

Instructions

In order to use the G523 X translation serwce which 15 based on the "solver" GAMS/CONVEET wou have to attach yvour
model to an ematl and send it to our translation server at gmesZsm@earmsworld ore. T ou specify the language in the subject
line, for example

Subject: GALMS
At the moment we support the following lansuages:

« AWPL
« BAROH
o CplexlP
o CplexMPS
o GADS
« LGO
o« LINGO
o MINOPT
27 o ATL (thiz creates scalar wersions of all supported languages, listed abowe)



Model Translation — Cont.

* Translation of MP Model into Scalar Model
— List of Variables/Equations
« Advantages:
— Syntax for Scalar Models almost identical for
different Modeling Languages (easy Translation)
— Hides proprietary Information
« Seamless Modeling System Connection
— For example: GAMS/AMPL with Kestrel (NEOS)

28



Set | Products /P1*P2/
J Cutting Patterns /Cl1*C2/;

Parameter c(J) cost of raw material /Cl1 1, C2 1/
cc(J) cost of change-over of knives /C1 0.1, C2 0.2/
b(1) width of product roll-type I /P1 460, P2 570/
nord(1) number of orders of product type I /P1 8, P2 7/
Bmax width of raw paper roll /1900/
Delta tolerance for width / 200/
Nmax max number of products in cut / 5/

bigM max number of repeats of any pattern / 15/;

Variable y(J) cutting pattern

m(J) number of repeats of pattern j
n(1,J) number of products 1 produced in cut J
obj objective variable;

Binary Variable y; Integer Variable m, n;

Equation defobj, max_width(Jd), min_width(Jd), max_n_sum(J),
min_order(l), cut_exist(J), no_cut(J);

defobj - . sum(., ch1*mj]1 + ccil*y[il) =e= obj;
max_width(j)-.- sum(i, b[i]*n[i,J]D) =1= Bmax;
min_width()-.- sum(i, b[i]*n[i,j]) + Delta =g= Bmax;
max_n_sum((J)- - sum(i, n[i,jJ]) =1= Nmax;
min_order(i).. sum(@, m1*n[i.jl) =g= nord[i];
cut_exist(j)-- viil == m[j];
no_cut(j)-.- mj] == bigM*y[j];

m.up[j] = bigM; n.up[i,j] = nmax;

model trimloss /Zall/;
solve trimloss minimize obj using minlp;



* MINLP written by GAMS Convert
Variables bl,b2,13,14,15,16,17,18,x9;
Binary Variables bl,b2;

Integer Variables 13,14,15,16,17,18;

Equations el,e2,e3,e4,e5,e6,e7,e8,e9,el0,

ell,el?,el3;

el.. 0.1*bl +
e2.. 460*15 + 570*17 =L= 1900;
e3.. 460*16 + 570*18 =L= 1900;
e4.. 460*15 + 570*17 =G= 1700;
e5.. 460*16 + 570*18 =G= 1700;
e6.. 15 + 17 =L= 5;
e7.. 16 + 18 =L= 5;
e8.. 13*15 + 14*16 =G= 8;
e9.. 13*17 + 14*18 =G= 7;
el0.. bl - 13 =L= O;
ell.. b2 - 14 =L= O;

el2.. - 15*bl + 13 =L= 0;
el3.. - 15*b2 + 14 =L= 0;
* set non default bounds
13.up = 15; 14.up = 15; 15.up = 5;
16.up = 5; 17.up =5; 18.up = 5;

Model m / all /;
Solve m using MINLP minimizing X9;

0.2*b2 + 13 + 14 - x9 =E= O;

# MINLP written by GAMS Convert

var
var
var
var
var
var
var
var

bl
b2
13
14
15
16
17
18

binary;
binary;
integer
integer
integer
integer
integer
integer

minimize obj:
0.1*bl1 + 0.2*b2 + i3 + i4;

subject to

e2: 460*i15 + 570*17 <=

e3: 460*i6 + 570*i8 <=

ed: 460*i5 + 570*i7 >=

eb: 460*i6 + 570*i8 >=

e6: 15 + 17 <= 5;

e7: 16 + 18 <= 5;

e8: 13*i15 + 14*16 >= 8;
e9: 13*17 + 14*i18 >= 7;
el0: bl - 13 <= 0;

ell: b2 - 14 <= 0;

el2: - 15*b1 + 13 <= 0;

el3: - 15*b2 + 14 <= 0;

>= 0, <=
>= 0, <=
>= 0, <=
>= 0, <=
>= 0, <=
>= (0, <=

1900;
1900;
1700;
1700;
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 Run Convert and inspect gams.gms and dict.txt

 Run Convert with the following option file convert.opt
ampl gcpl.mod
and inspect gcpl.mod

* Run Examiner with the following option file examiner.opt
subsolver cplex
primalfeastol 1le-30

* Run Bench with the following option file bench.opt
solvers cplex cplex.l conopt minos snopt xpress mosek



Solver Links

e Supported Solvers:
— GAMS Support includes Solver Support
— Standardized Solver Interface
* Return Codes, Limits, Interrupts, ...
— Common Solver Attributes (e.g. time) through GAMS
options
— Specific Solver Options through Option™file”
« Standardized Solver Interface allows “hassle free”
replacement of solvers:
option nlp=conopt;
e |O Library (C, Fortran, Delphi) provides access to
— Matrix, Function/Derivative Evaluator, ...

32



Linking your Solver to GAMS
THE COMPLETE NOTES

Don't Panic !!

33
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Hands-on! More Modeling

e Minimum Investment in stock: x(s)>stockmin or x(s)=0

Scalar stockmin /0.05/; Binary Variable bx(stocks);
equations bxup(stocks),bxlo(stocks);
bxup(s).. x(s) =I= bx(s);

bxlo(s).. xX(s) =g= bx(s)*stockmin;
model /..,bxup,bxlo /;

solve qcpl min z using miqcp;

Dealing with infeasibilities:

— Add slack variables

Variable sl; sl.10=0;

retcon.. sum(s, mean(s)*x(s)) + sl =e= ret;

solve gcpl min sl using miqcp;

— Use solver (e.g. Cplex) that supports feasibility mode
feasopt 1
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Hands-on! More Modeling

o Efficient Frontier

scalar step;

solve qcpl max ret using miqgcp;
set scen / s1*s10 /;
step = ret.l/(card(scen)-1);
parameter rep, repx; ret.lo = 0;
loop(scen,
solve gcpl min z using miqcp;
rep(scen, s) = x.1(s);
repx(scen,'ret) = ret.|l;
repx(scen,var) = z.1I;
ret.lo = ret.lot+step);
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Efficient Frontier

30

25

20 A
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10
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0.5
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Grid Computing

Imagine...
.. you have to solve 1.000’s of
Independent scenarios..

.. and you can do this very rapidly for
little additional money...

.. without having to do lots of
cumbersome programming work..

Grid Computing

37
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A pool of connected computers managed and
available as a common computing resource

 Effective sharing of CPU power

Massive parallel task execution

Scheduler handles management tasks

E.g. Condor, Sun N6 Grid Engine, Globus

Can be rented or owned in common

Licensing & security issues
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Economics of Grid Computing

« Yearly cost, 2-CPU workstation: $5200
— Hardware: $1200
— Software: $4000

e Hourly cost on the grid: $2/cpu
— $1/hour for CPU time (to grid operator)
— $1/hour for software (GAMS, model owner)

e 1 workstation:
— ~ 2600 hrs grid time or
— ~ 50 hrs/week grid time

o Up-front vs. deferred, as-needed costs
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SOLVE Statement Grid enabled

Scalable:

— support of massive grids, but also

— multi-cpu / multiple cores desktop machines
— “1 CPU - Grid”

(Almost) Platform independent
Only minor changes to model required

Separation of model and solution method
- Model stays maintainable
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Simple Serial Solve Loop

loop(scen,
solve gqcpl min z using miqcp;
rep(scen, s) = x.1(s);
repx(scen,’ret’) = ret.l;
repx(scen,’var’) = z.l;
ret.lo = ret.lot+step);

How do we get to parallel and distributed
computing?

A 4

Loop

A 4

Generation

v

Solution

v

Update
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GRID specific enhancements

Submission of Jobs

“Grid Middleware”

Distribution of Jobs
Job execution

3.

4.

Collection of Solutions

Processing of results
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Job Submission Loop

Parameter h(scen) store the instance handle;
* turn on grid option
qcpl.solvelink = 3;
loop(scen,
solve qcpl min z using miqcp;
* save iInstance handle
h(scen) = gcpl.handle
ret.lo = ret.lot+step);

LOG: LOOPS scen = sl

--- 323 rows 322 columns 1,094 non-zeroes

--- 237,702 nl-code 147 nl-non-zeroes

--- 160 discrete-columns

--- qcpl.gms(16371) 5 Mb

--- Submitting model gcpl with handle grid135000002
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“Grid”- Middleware (PC)

: gams grid submission script
: argl solver executable
' 2 control file
- 3 scratch directory
: gmscr_nx.exe processes the solution and produces "gmsgrid.gdx®
note: %3 will be the short name, this iIs neeeded because
the START command cannot handle spaces or " -
before we use %~3 will strip surrounding "
. makes the name short
: gmsrerun.cmd will resubmit runit.cmd

echo @echo off > %3runit.cmd
echo %1 %2 >> %3runit.cmd
echo gmscr_nx.exe %2 >> %3runit.cmd
echo mkdir %3finished >> %3runit.cmd
echo exit >> %3runit.cmd

echo @start /b /BELOWNORMAL %3runit.cmd ~> nul > %3gmsrerun.cmd
start /b /BELOWNORMAL %3runit.cmd > nul
exit
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Solution Collection Loop

Repeat
loop(scen$h(scen),
if(handlestatus(h(scen))=2,
qcpl.handle = h(scen); execute loadhandle qcpl;
rep(scen, s) = x.1(s);
repx(scen, "ret") = ret.l; repx(scen,"var") = z.I|
h(scen) = 0));
if(card(h), execute "sleep 17);
until card(h) = 0 or timeelapsed > 100;

LOG: ...
--- GDXin=c:\work\mod\225b\grid137000002\gmsgrid.gdx
--- grid_gmeanvar.gms(154) 3 Mb

--- Removing handle grid137000002

--- GDXin=c:\work\mod\225b\grid137000003\gmsgrid.gdx
--- Removing handle grid137000003

--- GDXin=c:\work\mod\225b\grid137000007\gmsgrid.gdx
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Results for 4096 MIPS

e Submission started Jan 11,16:00
e All jobs submitted by Jan 11, 23:00
« All jobs returned by Jan 12, 12:40
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GAMS Development / GAMS Software
Working with GAMS — A Guided Tour

Model Development

I Model Deployment and Maintenance
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Important Principles

e Deployed models have often 15+ years lifecycle
— Changing environment:
* hardware, operating system, interface (GUl/data)

e Backward compatibility
« Platform/Solver/Interface Independence
— Model benefits from
« Advanced hardware
e Advanced solver technology

 Reduced Total Cost of Ownership (TCO)




Flow of Data

GAMS \

Application

g

Data Model |

» Application in control of
data processing

* No direct data access
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/ GAMS
Application
=
Data Model i

» Large Scale/Raw data
exchange GAMS—DB

» Control Data
GAMS—Application



50

o ASCII Input Data
— Part of model input ($1nclude file.txt)
— Posix Utilities are part of GAMS Windows System
« Platform independent data file preparation

e sed, awk, grep, cut, ...
$call cut -d, -F1,3- File.txt > filenew.txt

o ASCII File Output
— GAMS Put Facllities

e Hands-on! gcpascii.gms.



GAMS Data eXchange
« GAMS Data eXchange (GDX):

e Complements the ASCII text data input

e Advantages:
— Fast exchange of data (factor >20)
— Syntactical check on data before model starts
— Compile-time and Run-time Data Exchange
— Platform Independent

e Hands-on! gcpgdx.gms.
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IDE GDX Viewer

GDX gdxsplit

~

gams
gdxmerge
gdxxrw dxdump
(MS Office)

gdxdiff
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Creating Input for GAMS Model
Callout to a GAMS Process/Executable
Reading Output from GAMS Model

e Works from basically every environment
— Web application (server side)
— Application Builder
e Oracle, Eclipse, .NET, ...
 Regular Programming language C++, Java, VB, ...
— MS Office Application / VBA

 Hands-on! gcpexcel.xls
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Data Contracts

Application provides data in GAMS readable format (DM I)

Data Contract between GAMS and Data Source (DM II)

— Responsibility for Model and Data often in different hands

— Format, location, layout

— Data Transfer Process (SQL guery) relies on Data
Contract

Hands-on! gcpdc.gms
Data Contract in GAMS

$call gdxxrw stockprice.xls o=sp.gdx dset=days rdim=1
rng=spl!a2 dset=stocks cdim=1 rng=sp!bl par=val dim=2
rng=splal

Data Contract in Excel
$call gdxxrw stockprice.xls o=sp.gdx index=index!al
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« GAMS Save and Restart Facility
— Store (parts of a) model in an object file
— Complements Source Code Model distribution
— Convenient packaging

— Protection of Intellectual Property (code/data)
— Attractive deployment prices

e Hands-on!

* Protect Model Equations: gcpsave.gms gcprestart.gms
* Protect “Algorithm”: gcpsaveX.gms qcprestartX.gms
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Optimization Application

 Takes Longer than one is  Real Time
willing to wait « Always need a Solution to
[t will eventually fail Problem

o Key for support/maintenance
— Catch problems before a model is solved
* Implement Data Error checks
— Reproduce the problem offline
e Get hold of Instance (dumpopt=11)

— Solver related problems in confidential models
» Get scalar Model using solver CONVERT

« Hands-on! Error checking gcperror.gms
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Summary

e 30+ Years Experience in Modeling

— Strong views on modeling process (The GAMS Way)
* Development
e Deployment
« Maintenance

— Less than 5% of modeling/optimization projects do not fit
the GAMS way

— Use of GAMS and its productivity tools (after potentially
steep learning curve)
* Increases productivity of model building
* Reduces total cost of ownership for model client
* Opens doors to a large network of GAMS developers

and clients with modeling needs
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Contacting GAMS

Europe:
GAMS Software GmbH
Eupener Str. 135-137
50933 Cologne
Germany
Phone: +49 221 949 9170
Fax: +49 2219499171
http://www.gams.de

USA:

GAMS Development Corp.
1217 Potomac Street, NW
Washington, DC 20007
USA

Phone: +1 202 342 0180
Fax: +1 202 342 0181
http://www.gams.com



