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I|ntroduction to GAMS

GAMS Generalized Algebraic Modeling System

GAMS, the way we use it, is alanguage for setting up and
solving mathematical programming optimization models.
(GAMS can also solve simultaneous systems of equations and
deal with computable general equilibrium models)

GAMS alows one to specify the structure of an optimization
model, specify and calculate data that go into that model, solve
that model, do report writing on a model, and do a comparative
statics analysis on that model, all in one package.

The GAMS documentation is in the documents directory and is
called userguide.pdf
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I|ntroduction to GAMS
GAMS at its simplest

Suppose we wish to solve the optimization problem

Maximize 109CX . % 90(X ., % 115CX_ ...
subject to X % Xheat 0 X oon # 100 (land)
6(X o, % AKX, on % 8(X,, # 500 (labor)
Xeom Xuheat woton D 0 (nonnegativity)

The smplest GAMS formulation | can conceive of is

(fileisin examples INTRO.GPR caled SIMPfarm.GMYS)

VARl ABLES Z
PCSI Tl VE VARI ABLES xXcorn Xwheat , Xcotton;
EQUATI ONS aBJ, land , |abor;
BIJ.. Z =E=

109 * Xcorn + 90 * Xwheat + 115 * Xcotton;
| and. . Xcorn + Xwheat + Xcotton =L= 100;
| abor. . 6*Xcorn + 4 * Xwheat + 8 * Xcotton =L= 500;

MODEL PROBLEM / ALL/;
SALVE PROBLEM USI NG LP MAXI M ZI NG Z;
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Introduction to GAMS
Dissecting the GAMS formulation
Why the new symbol Z

VARI ABLES Z:
PCSI Tl VE VAR ABLES Xcorn Xwheat , Xcotton;
EQUATI ONS BJ, land , |abor;
BIJ.. Z =E=

109 * Xcorn + 90 * Xwheat + 115 * Xcotton;
| and. . Xcorn + Xwheat + Xcotton =L= 100;
| abor. . 6*Xcorn + 4 * Xwheat + 8 * Xcotton =L= 500;

MODEL PROBLEM / ALL/;
SALVE PROBLEM USI NG LP MAXI M ZI NG Z;

GAMS requires all modelsto be of a special form
Namely given the model
maximize cx
It must be re written as
Maximize R
R=CX

where R is avariable unrestricted in sign named
however you want it named
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Introduction to GAMS
Dissecting the GAMS formulation
The VARIABLES specification

VARI ABLES Z:
PCSI TI VE VAR ABLES Xcorn Xwheat , Xcotton;
EQUATI ONS aBJ, land , |abor;
BIJ.. Z =E=

109 * Xcorn + 90 * Xwheat + 115 * Xcotton;
| and. . Xcorn + Xwheat + Xcotton =L= 100;
| abor. . 6*Xcorn + 4 * Xwheat + 8 * Xcotton =L= 500;

MODEL PROBLEM / ALL/;
SOLVE PROBLEM USI NG LP NAXI M ZI NG Z;

GAMS requires the variables in each problem to be identified.
In the reference problem we have variables

Z, Xcorn, Xwheat b Xcotton

The POSITIVE modifier on the variable definition means that these
variables are nonnegative ie Xcorn , Xwheat , Xcotton

The use of the word VARIABLESwithout the POSITIVE modifier (
note several other modifiers are possible) means that the named
variables are unrestricted in sign. Z above

There always must be at least one of these in every problem which is
the objective function variable.
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Introduction to GAMS
Dissecting the GAMS formulation
The EQUATIONS specification

VARl ABLES Z:
PCSI Tl VE VAR ABLES Xcorn Xwheat , Xcotton;
EQUATI ONS aBJ, land , |abor;
BIJ.. Z =E=

109 * Xcorn + 90 * Xwheat + 115 * Xcotton;
| and. . Xcorn + Xwheat + Xcotton =L= 100;
| abor. . 6*Xcorn + 4 * Xwheat + 8 * Xcotton =L= 500;

MODEL PROBLEM / ALL/;
SOLVE PROBLEM USI NG LP NMAXI M ZI NG Z;

GAMS requires that the modeler name each equation which is
active in the optimization model. Later each equation is
specified using the .. notation

In this formulation the equations are named in the EQUATION
line
OBJisthe name for the objective function equation Land is
the name for the first constraint equation
L abor the name for the second constraint equation

The objective function is always counted as one of the
equations and must always been named.
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Introduction to GAMS
Dissecting the GAMS formulation
The « « Specification

VARI ABLES Z:
PCSI TI VE VAR ABLES Xcorn , Xwheat , Xcotton;
EQUATI ONS aJ, land , [abor;
BJ.. Z =E=

109 * Xcorn + 90 * Xwheat + 115 * Xcotton;
| and. . Xcorn + Xwheat + Xcotton =L= 100;
| abor . . 6*Xcorn + 4 * Xwheat + 8 * Xcotton =L= 500;

MODEL PROBLEM / ALL/;
SOLVE PROBLEM USI NG LP NAXI M ZI NG Z;

The GAMS eguations specification actually consists of two
parts.

The first part naming equations, was discussed on the
previous page.

The second part involves specifying the exact algebraic
structure of the equations. Thisis done using the ..
notation. In this notation we give equation name followed
by a.. then algebraic form of the equation in the model.
This agebraic form involves use of a special syntax to tell
the exact form of the equation which may be actually be an
inequality.

=E=is used to indicate an equality constraint
=L=indicates aless than or equal to constraints
=G= indicates a greater than or equal to constraint.
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Introduction to GAMS
Dissecting the GAMS formulation

The MODEL specification

VARI ABLES Z
PCSI Tl VE VAR ABLES Xcorn Xwheat , Xcotton;
EQUATI ONS BJ, land , |abor;
BIJ.. Z =E=

109 * Xcorn + 90 * Xwheat + 115 * Xcotton;
| and. . Xcorn + Xwheat + Xcotton =L= 100;
| abor. . 6*Xcorn + 4 * Xwheat + 8 * Xcotton =L= 500;

MODEL PRCBLEM / ALL/;
SALVE PROBLEM USI NG LP MAXI M ZI NG Z;

Once all the model structural elements have been defined than
one employs a MODEL statement to identify models that will
be solved. Generally | use a MODEL statement of the form
above. Thereinfollowing MODEL than a name for the model
Is given followed by the names of the equations enclosed in
dashes. Using /ALL/ includes all the equations.

One could alternatively have amodel statement like that below.

MODEL FARM /obj, Land,labor/;
or omitting CONSTRAIN1 from the model

MODEL ALTPROBLEM / obj, CONSTRAINZY/,
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Introduction to GAMS
Dissecting the GAMS formulation
The SOLVE specification

VARI ABLES Z:
PCSI TI VE VAR ABLES Xcorn , Xwheat , Xcotton;
EQUATI ONS aBJ, land , |abor;
BIJ.. Z =E=

109 * Xcorn + 90 * Xwheat + 115 * Xcotton;
| and. . Xcorn + Xwheat + Xcotton =L= 100;
| abor. . 6*Xcorn + 4 * Xwheat + 8 * Xcotton =L= 500;

MODEL PROBLEM / ALL/;
SOLVE PROBLEM USI NG LP NAXI M ZI NG Z;

The SOLVE statement causes GAMS to use a solver to
optimize the model named immediately after the SOLVE
statement. That model must already have been defined in a
MODEL statement.

The solve statement tells the solver to maximize or minimize a
defined variable. That variable must be unrestricted in sign and
Is the variable we referred to above as the objective function
variable.

The example statement solves alinear programming problem
(“using LP’).
One a so can have solve statements which

solve nonlinear programs using the syntax “using nlp”, mixed
integer programs using the syntax “using MIP”
or anumber of other forms.
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Introduction to GAMS
Dissecting the GAMS formulation

The ,
VARl ABLES Z:
PCSI Tl VE VAR ABLES Xcorn , Xwheat , Xcotton;
EQUATI ONS aBJ, land , |abor;
BIJ.. Z =E=
109 * Xcorn + 90 * Xwheat + 115 * Xcotton;
| and. . Xcorn + Xwheat + Xcotton =L= 100;
| abor . . 6*Xcorn + 4 * Xwheat + 8 * Xcotton =L= 500;

MODEL PRCBLEM / ALL/ ;
SOLVE PROBLEM USI NG LP NMAXI M ZI NG Z;

GAMS requires users to terminate each statement with a

Statements may be several lineslong or may contain several
elements.

,'sare avery important part of the syntax. Their omission often

causes many syntax errors to be reported by the GAMS
compiler.
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|ntroduction to GAMS
Invoking GAMS

GAMS s used in two phases.

First, one uses atext editor and creates a file which contains
GAMS instructions.

Second, one submits the file to GAM S which executes those
Instructions doing calculations, invoking the solver and
creating afile of results.

Two ways to do this.

Traditional method — use atext editor set up the model then
use DOS (or UNIX) instructions to run.

A newer way the GAMS IDE. Here one uses a graphical
interface to run GAMS

There costs and benefits of these approaches.

The IDE ismuch easier for smple models but currently limited
to PCs.

The DOS approach can be better for multiple stage models.
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|ntroduction to GAMS
GAMS IDE

This class will concentrate on the IDE approach. However what you learn about
setting up GAMS instructions applies equally well to either approach

%EAHS Editor: C:igamshagiclazsiexampleshgamintrotintro.gpr

Eile Edit Search “Window Help

= EIRZL = v | @] 8| el [ |

% c:‘vgamzhagiclaszshexamples\gamintrohzsimpfarm_gms

simpfarm.gms | [%

VARIAELES Z:

POSITIVE VARIAELES Xoorn Xwheat , Zcotton:

EQUATICHS OBJ, land , lahor:

QEJ. . Z =E= 108 #* Xecorn + 90 * Zwheat + 115 * Zcocotton;

land. . Xoorn + Xwheat + XZeotton =L= 100;
labor..

6*Ecorn + 4 % Hwheat + 8 % Xcocotton =L= 500;
MODEL FROELEM SALL/S:

A0LVE PROBLEM USTING LP MAETIMIZING Z;
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Introduction to GAMS
Using GAMS through the IDE.
Steps to using

Steps to using

1. Install on Computer

2. ClickonIDE icon

3. Open an existing project or define a new project

4. Open afile
5. Run it by punching run button

6. AccessLST filethrough process window
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|ntroduction to GAMS
Using GAMS through the IDE.

Steps to using

Steps to using assuming install done and IDE open

3.0pen project called INTRO on /example/class

IDE

GAMS Editor: C:Agamshaghclazshexamplesh\gamintrohintro_gpr
Edit Search ‘wWindow Help

Open
EEdEeEr

Open in Mew Window  Shift+Chrl+0
Open in Model Librany

Project

Chrl+M
Ctrl+0
[Etr{+H

SEVE
SavEhE

Savell
[Elase

Frewvious k
o T
Mew Projec

ShfteEtr S
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Introduction to GAMS
Using GAMS through the IDE.
Steps to using

4. Open file called smpfarm.gms

Edt Search Window Help
Mew Chrl+M

Eenpen [t

Open in Mew window  Shift+Crrl+0
Open in Model Library
Froject »

e [iploc

OpenFlomEdtn ____________BH]
Lookjn: |23 gaminira = =E

algebra simple
gamzchkt trnsport
rezalloc

resoUrce

gimperr

sirmpfarn %

File namme: Open I
Files of type: | Model files [*.oms) j Cancel
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Introduction to GAMS
Using GAMS through the IDE.
Steps to using

Do aLittle Housekeeping

Drag the window that shows the file into the upper left hand corner

%EAHS Editor: C:\gams\ag\clazzhexamplesigamintrotintro gpr

File Edit Search ‘wWindow Help

EHI jﬂﬂ@| =] | RunGams

% c:‘vgamsz\ag\clazs\exampleshgamintro\zimpfarm_gms

simprarm.gms |

I
VARTAELES ar
POIITIVE WVARIAELES Xcorn EZwheat , Zcotton:
EQUATICNS DOBEJ, land ., labor;
OEJ. . Z =E= 109 # ZFcoorn + 90 * Xwheat + 115 * Zcotton:
land. . Zocorn + Xwyheat + Zoeotton =L= 100;
labhor.. 6*corn + 4 F Ewheat + &8 * Zcotton =L= 500;
MODEL PROELEM /ALL/:
SOLVE PROELEM U3ING LP MAXIMIZING Z;
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Introduction to GAMS
Using GAMS through the IDE.
Steps to using

5.Run it by punching run button

@EAHS E ditor: C:\gamsiagiclasziexamplesigamintrokintro.gpr

File Edit Search 'Window Help
EEI jﬂﬂ@| =] FunGams

ﬁ c:‘gams\agiclass\examples\gamintro\simpfarm.gms =]
simprarm.gms |

VARIALELES Z:

POSITIVE VARIAELES Xoeorn Xwheat , Xcotton:

EQUATIONS OBEJ, land , labor:

OEJ. . Z =E= 109 * ZEeorn + 90 % Zwheat + 115 * Zeotton:
land.. Xoorn + Xwheat + Xowotton =L= 100;
lakor..

G¥Xcorn + 4 F Xwheat + 8 ¥ Zeotton =L= 500;
MODEL PROBLEM /ALL/S:

3J0OLVE PROBLEM USTING LP MAETMIZING 2@
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Introduction to GAMS
Using GAMS through the IDE.
Steps to using
Do a Little more Housekeeping.

Drag the new window that shows the process history to the far right

GAMS Editor: C:\gam:zhaghclazz\esamples\gamintrotiniro.gpr
Filz Edt Seacth ‘niow Help

Cooudabz-Click o Opern File

EEE] 3 | o8| B =
[ c:\gemsaghclas sieample: \gomintrot simplarn. gras

siTEfarm.gns | simpfAinn |

lark =rsce allocsked ;I
VARTAELES : Boading data...
SOITTIVE VARCADLIZ Trorn fwhest , Zoottoa; ?'_“;Ll;“'e “HL.
LOUL] L0 o4d,  larc ., _abos: =
HPresn Iwe . ..
OBT.. I =E= 109 ¥ Foorn 4+ 20 ¥ Ewhest + 1.5 ¥ Hooctong - .
) - Trsshing . o
L=, . Hoorn + Ewvhzat + Zgoscon =L= 1 Driwal Sdimplex...
l=aor. . JHMDOrr. + 4 Y XwhEat + & - XooZCIn L= E Tre=r -
MOLEL FROELEHN AL - FosL=alve . . .
SOLVE FEODLLDH UIINS LEP MIHZHZZIING 2; Priral Simp_ex...
2 ===l
Dootcrtong cxozukbic
——— SINFFLRO.GH3X(3) 0O IF
-—— Reaclng so0la1-13n TC
———= SIMFEFLER.GFAS(A) 1D
FEE Dtgtus: flormal oo
lIJ Ercc inhe ;_h--':.r-:;:.:'.h filles

©Bruce A. McCarl, Oct 1998. Introduction to GAMS 18 (gamintro)



I|ntroduction to GAMS

Using GAMS through the IDE.

Steps to using

6. Navigate using the process window. Double Click on Last blue line

T3 GAMS Editor: C:\gams\ag\clazs\examples\gamintro\intro_gpr

File Edit Search “indow Help

2| ] 15 | @ 8 s]

=] | Double-Click to Dpen File

% c-hgamzhagiclazsiexamplesigamintro\simpfarm. gms @ No achive process [_ [}

simprarm.gms |

VARIAELES Z:

PCITITIVE VARIAEBLES Heorn Hwheat , Zcotton;
ECTUATICNS OBJ, land , labor:

OBEJ. . Z =E= 109 * Zeorn + 90 % Ewheat + 115 * Eootton!
land. . Xocorn + XZvheat + Zootton =L=
labor. . 6*Xcorn + 4 7 Ewheat + 8 Y Hootton =L=

MCDEL PROBLEM fLLL/:
ACLVE PROBELEM TU3ING LP MAEZIMIZING Z:

©Bruce A. McCarl, Oct 1998. Introduction to GAMS 19 (gamintro)
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mmﬁmml

Work space allocated :I
Feading data...
Starting OZL. ..
Soale. ..
Fresolve...
Crazshing...
Primal Simrlex...

Iter Cik
Fostsaolwve. ..
Primal Simrlex...

2 Q950

——— FEestarting executio
——— SIMPFARF.GM3(9) O M
——— Reading solution fo
——— SIMNPFARF.GM3(9) O M
FEF SGtatus: Hormal comp




Introduction to GAMS
Using GAMS through the IDE.
Steps to using

6.Y ou have now been placed in the smpfarm..LST file

% c:‘gamshag\clazshexamplezsh\gamintrohzimpfarm_lst % Mo active process [_ )
simpfarm.gms simpfarmr\.lst | simpfarm |
] 0 INFELSIELE Work space allocated :J
0 TUNEOUMNDED Feading data...
Starting OSL...
I3cale. ..
Presolwve...
EEXEECUTICH TIME = 0.000 SECCHDS 0.2 Mb BDC-15-
Crashing. ..
Primal Zimplex...
Iter il
TSER: Agricultural Economics GEE1020:12014

Postsolve. ..
Primal Simplex...
Z Q3950

Texas Agricultural Exp. 3Zta. L

#*%+% FILE STHMMARY

——— EBEestarting executio

INFUT Coh GAM3Y AGN\ CLASSN EXAMPLESY GAMINTEROY SIMPFARM. GMS —-—— SIMPFAEM.GHMZ(9) 0O K
COUTRUT Coh GAMSS RGN CLASS, EXAMPLESY GAMINTROY SIMPFARM.LST ——— Reading solution fo
——— SIMPFARM.GM3(59) O M

JJ_J Jtatuz: Normal comp

——— Erasing scratch fil—
=
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I|ntroduction to GAMS
Finding Text

The IDE provides four ways to find and/or replace text strings.
For finding strings three dialogs can be used

The fundamental onesinvolve use of the flashlight and search
windows

EAI*‘E Editor: C:hgams\ADYCLASS\clazs\examplehuseideluzeide. gf
File Edit Search Window Help

S —ha

Type the text string target you are after in the widow

Hitting the sy | finds what you want in the current file

Hitting the g[ finds what you want in the directory where
the project is located

Y ou can also access search and replace through the search

menu. That dialogue gives more options, but only searches or
replaces within the current file

©Bruce A. McCarl, Oct 1998. Introduction to GAMS 21 (gamintro)



I|ntroduction to GAMS
GAMS Usage

What Does That Model Look Like (not only IDE)

Find equation listing in Ist file (look for first ----)

Controlled

by
LIMROW
LIMCOL

Options

©Bruce A. McCarl, Oct 1998.

[ c:\gams\ag\class\examples\gamintro\simpfarm. Ist =]
simprarm.gms simpfarm.lat |

Equation Listing S0LYVE FPROELEM USING LP FREOM LINE 9 ;I

F---ToBa =E= o

OBJ. . 2 — 109*XCORN — 90*XWHEAT - 115*EZCOTTCON =E= 0 ; [(LHZ = 0]

———— LAND =L=

LAMND . . XCOBEM + EWHEAT + ZECOTTCON =L= 100 ; ([(LH3 = 0O)

———— LABOR =L=

LLEOE. . E*FECORN + 4*EWHEAT + S*XCOTTON =L= 500 ; (LHZ = 0]

Column Listing S0LYVE FPROELEM USING LP FREOM LINE 9 -
| ;IJ

Introduction to GAMS 22 (gamintro)




Introduction to GAMS
Finding the Solution (not only IDE)

Find solution (look for word solution) and page down or look for ----

% c:‘gamszhagiclasz\examplesigamintrohsimpfarm._Ist

simpfarm.ams simpfarm.lstl

LOWEER LEVEL UFFER MARGINAL
—-——— EQU OBJ . . . 1.0000
———— EQU LAND -INF 100.0000 100.0000 52 .0000
-——- E@ﬁ LABOR —-INF 500.0000 500.0000 9.5000
LOWEER LEVEL UFFER MARGIMNAL
—-——— VAR Z —-INF 9950.0000 +INF
———- VAR HECORN . S0.0000 +INF
———-— VAR EWHELT . 50.0000 +INF .
—-——— VAR ECOTTCON . . +INF —-13.0000
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I|ntroduction to GAMS
Using GAMS

What happened during the run
-- The Process window or screen in DOSUNI X

GAMS 2.50.094 Copyright (C) 1988-1998 GAMS Development. All rights reserved

--- Starting compilation *** Checksif your fileis ok
--- SSIMPFARM.GMS(9) 0 Mb ***(9) telslineit ison

--- Starting execution *** Executes your file

--- Generating model PROBLEM *** Sets up the LP Problem
--- SIMPFARM.GMS(9) 1 Mb ***(9) tdlslineitison

--- 3rows, 4 columns, and 10 non-zeroes.  ***Size of LP

--- Executing OSL *** GAMS ceases automatically

Starting solver and gives name
of Solver used

OSL Release 2, GAMSLink level 3 --- 386/486 DOS 1.3.055-033

Work space allocated -- 0.09Mb *** Qutput from Solver
Reading data...

Starting OSL...

Scale...

Presolve...

Crashing...

Prima Simplex...

Iter Objective Sum Infeasibilities
Postsolve...
Primal Simplex...
2 9950.000000 Norma Completion
Optimal

--- Restarting execution ***GAMS restarts

--- SIMPFARM.GMS(9) 0 Mb

--- Reading solution for model PROBLEM

--- SIMPFARM.GMS(9) 0 Mb

*** Status: Normal completion ***GAMS stops
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Introduction to GAMS
Using GAMS — Finding Errors

Spelling Mistakes (simperr.gms)

B9 C:\gams\aghclazs\examples\gamintrohsimperr. gms

Simperr.gms |
VARIALELES I Z;
POSITIVE WARIAELES Xoorn Zwheat , Xcotton:
EQUATICNS QOEJ, land , labor:
OEJ. . Z =E= 109 * Zecorn + 90 * Ewheat + 115 * Zocott:
lands.. Xoorn + Xwheat + Xootton =L= 100;
labor.. 6%Ecorn + 4 F Zwheat + 8§ ¥ Eootton =L= 500;
MODEL PREOELEM FALL/:
JOLVE PEOELEM U3ING LP MAZIMIZING Z2:

Punch the run button

ENU aclive picesy

ﬂnparl

GAME 2.304 Zopyright () 1CEE 1000
Licgcaoce: Ayrizultural Econotricoc
T=r=as Aopriculturasl Exp. 2t

——= Jzarczing zowpilation

——— SIM?ZRR.3M3(5) O Mo 1 Errer

T%" Toouz 1470 i Z:WGAMEY AGYCLAZEYEXL
TAXnown S0l

-—- SIA?IBR.SMOSI(6) O I £ EXrcr:s

rATorgr 140 1n SN EANES RGN CLAZEWEX,
Jdafnown Synaol

——= SLA/AZEE.SAS(Y) U Mb 4 krrcrs

FEE Teepes 20T G0 O GRMEDY LGN CT DS FEHD
Anlwe ahar=went nnt cherker FResT

——— SIM2ZZRR_ZM3(9) O M 3 Errcrs

T¥& 8zgc-az: Tompilation error (=)
——- Zraginy =zzeatch files
Exiz code = 2

KN o
|

Zhze I Jaar Leg I~ Surrnzry Only
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Introduction to GAMS
Using GAMS Finding Errors

Double Click on the first Red Line

ﬁE:"tgams‘tag‘tclass\euamples‘tgamintm"\simpen_gms %Nu active process ME B
SiMperr.ams | simper |
[-
VARIAELES Z: GAMS Z.S504 Copyright () 19&5-199t
FPOSITIVE WVARTABLES Xoorn o, Xwheat , Zcotton: Licensee: Agricultural Economics
EQUATICONS OBJ, land , lakbor: Texas Agricultural Exp. St:
OBJ. . Z =E= 109 ¥ Zgorn + 90 % Xwheat + 115 * chtk; ——— Jtarting compilation
lands. . Xoorn + Ewvheat + Xootton |--— SIMPERR.GM3(5) 0 Mb 1 Error
lahor. . E*¥eorn + 4 * Xwheat + 8 f Xootton ERI:DI: 140 in C:h%WGAMSN AGYCLASSVEX
MODEL PROBLEM /ALL/; ¥nown symbol
SOLVE PROBLEM USING LP MAXINIZING Z; -——- SINPERR.GHI(6) O Mb 2 Errors

#%% Error 140 in C:%GAM3S LG, CLAISY EL.
Mnknown symbol

——— SIMPEERR.GMZ(2) 0 Mh 3 Errors

www® Error Z57 in C:h%GAMSW AGY CLASIWEL,
3olwve statement not checked becan

——— SIMPERR.GM2(2) 0 Mh 3 Errors

FEE Atatus: Cowpilation error (3]

Why this error, cotton is misspelled in previous line (for a discussion of error repair
see fixmodel.pdf)
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I|ntroduction to GAMS
GAMS and Algebra

The problem above is a special case of the general resource
allocation problem

Max * cjxj

st. aU.XJ. # bi for all i

X; $ 0 forall ]

Maximize 109(X__ % 90(X, . % 115(X_,..
subject to X % Xheat X oon 7 100 (land)
6(Xcorn % 4(theat % 8(Xcotton # 300 (Iabor)
xcorn ! xwheat ! Xcotton $ 0 (nonnegati\/ity)
] = { corn wheat cotton }
| = { land labor }

Xj = { Xcorn theat Xcotton }

¢= {109 90 115}

£
|
=
=
=

b= {100 500 }
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I|ntroduction to GAMS
GAMS and Algebra
GAMS s built around summation notation

Y ou have to be comfortable using summation notation to use
GAMS (reference for those wishing to review summation
notation and see its inner links to GAMS -- see appendix
one of newbook.pdf)

Suppose X; is defined with three elements

Algebra

X
|

0 0
X, % X, %X,

GAMS
z = SUM(I, X(1));

| Isasetin GAMS

Z Isascdar or variable

X(1) i1s aparameter or variable defined over set |
the sum automatically treats all cases of |

This equation can be either a model equation in an LP or
an item to be calculated in the code
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I|ntroduction to GAMS
A Better algebraic model

VARIABLES Z:

POSITIVE VARIABLES Xcorn, Xwheat , Xcotton;
EQUATIONS OBJ, land, labor;

OBJ.. Z =E=109 * Xcorn + 90 * Xwheat + 115 * Xcotton;
land.. Xcorn+  Xwheat +  Xcotton =L= 100;
labor.. 6*Xcorn + 4* Xwheat + 8 * Xcotton =L= 500;
MODEL PROBLEM /ALL/;

SOLVE PROBLEM USING LP MAXIMIZING Z;

New (algebra.gms)

SET ] /Corn,Wheat,Cotton/
i /Land ,Labor/;

PARAMETER
c() /[corn 109 ,wheat 90 ,cotton 115/
b(i) Nland 100 ,labor 500/,

TABLE &)
corn  wheat cotton
land 1 1 1
|abor 6 4 8
POSITIVE VARIABLES  x());
VARIABLES PROFIT )
EQUATIONS OBJective , constraint(i) ;

OBJective. PROFIT=E= SUM(J,(c(9)*x(J) :
congtraint(i).. SUM(Ja(i,d) *x(J) =L= b(i);

MODEL RESALLOC/ALLY/;

SOLVE RESALLOC USING LP MAXIMIZING PROFIT:

Note GAMS is not terribly sensitive about capitalization as the
example illustrates. Any alternative capitalization sequence
can be used. However, GAMS uses the first found
capitalization sequence in all displays.
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Introduction to GAMS
Dissecting the GAMS formulation -- The set

Above we needed to use the subscriptsi and j for addressing
the variables equations and data items.

In GAMS subscripts are SETs. In order to use any subscript
one must declare an equivalent set.

The set declaration contains
the set name

alist of elements contained in the set (up to 31 characters

long spaces etc allowed in quotes)
optional labels describing the whole set
optional labels defining individual set elements

General format for a set statement is.
SET sethname optiona defining text
/| first set element name  defining text
second set element name  defining text
o
Examples
SETs | Ix1,x2,x3/
i Irl 2/,
SET PROCESS PRODUCTION PROCESSES /X1,X2,X3/;
SET commodities Crop commodities /
corn in bushels,

wheat  in metric tons,
milk in hundred pounds/
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Introduction to GAMS
Dissecting the GAMS formulation -- Data entry

Above we needed data for c(j), a(i,)), b(i)
How were they entered

GAMS provides for three forms of data entry. These involve
PARAMETER, SCALAR and TABLE formats

SCALAR format is used to enter items which are not defined
with respect to sets.

scalar
itemlname optional label text /numerical value/
item2name optional label text /numerical value/

Examples include

scalar dataitem /100/;
scalar landonfarm total arable acres /100/;
scalars

|andonfarm /100/

pricecorn 1992 corn price per bushel /2.20/;
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Introduction to GAMS
Dissecting the GAMS formulation -- Data entry
PARAMETERS

Parameter format is used to enter items defined with respect to
sets. Generally parameter format is used when dataitems
which are one-dimensional (vectors) although multidimensional
cases can be entered.

The general format for parameter entry is:
Parameter
Itemname(setdependency) optional text
/[ first set name appropriate value,
second set name  appropriate value,
/;
Examples

PARAMETER cj) /x1 3 x2 2x3 05
b(i) /r110,r23/;
PARAMETER
PRICE(PROCESS) PRODUCT PRICESBY PROCESS
/X1 3,X22,X30.5/

RESORAVAIL(RESOURCE) RESOURCE AVAILABLITY
/CONSTRAIN1 10 ,CONSTRAINZ2 3/;

Parameter multidim(i,j,K) three dimensional /i1.j1.k1 100 ,i2.j1.k20 /;

Multidimensional parameters particular the useful when
bringing data in other programs.

©Bruce A. McCarl, Oct 1998. Introduction to GAMS 32 (gamintro)



Introduction to GAMS
Dissecting the GAMS formulation -- Data entry
TABLE

TABLE format is used to enter items which are dependent on
two more sets.
The general format is
Table itemname(setone, settwo ... ) descriptive text
set 2 element 1 set 2 element 2
set 1 element_1 value 11 value 12
set 1 element 2 value 21 value 22;

Examples include

TABLE &(i,))
corn whesat cotton
land 1 1 1
labor 6 4 8

TABLE RESOURUSE(RESOURCE PROCESS) RESOURCE USAGE
Makechair Maketable Makdamp

plantcap 3 2 11
salecontrct 1 -1;
Table fivedim(i,j,k,I,m) fivedimensional
|1.m1 12.m2
11.j1.k2 11 13
12.)1.k11 6 -3
+ 13.m1i2.m7
11.j1.k2 1 3
110.j1.k4 7 9;

Alignment is important
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Introduction to GAMS
Dissecting the GAMS formulation
Bad modeling (smple.gms)

VARIABLES Z,

POSITIVEVARIABLES X1, X2, XS

EQUATIONS OBJ, CONSTRAIN1, CONSTRAINZ;
OBJ.. Z=E=3* X1+2* X2+ 05" X3;
CONSTRAINL1.. FX1L+2*X2+1.1*X3=L=10;
CONSTRAINZ2.. X1-X2=L=3;

MODEL PROBLEM  /ALLY/;
SOLVE PROBLEM USING LP MAXIMIZING Z;

GAMS permits up to ten character names for variables, the
equations and other structural elements. Structural elements
can also have explanatory comments attached to them.

GAMS also allows usto treat common structures algebraically.
The above example does none of thisand isreally an example
of bad GAMS coding so let usillustrate with a better example
(also see appendix | in fixmodel.pdf for discussion)
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Introduction to GAMS
A Better Model — better names (resalloc.gms)

SET PROCESS PRODUCTION PROCESSES
/ makechair chair manufaxture(X1) ,
maketable table maufacture(X2),
makedlamp  Lamp Manufacture(X3)/
RESOURCE TYPES OF RESOURCES
/ plantcap Plant Capacity (CONSTRAIN1)
salecontrct  Sales agreement limiting production (CONSTRAIN2)/;

PARAMETER
PRICE(PROCESS) PRODUCT PRICES BY PROCESS
/makechair 6.5, maketable 3, makdamp 0.5/
Yield(process) yields per unit of the process
/Makechar 2, maketable 6, makdamp 3/
PRODCOST(PROCESS) COST BY PROCESS
/Makechair 10 ,Maketable 6, Makelamp 1/
TABLE RESOURUSE(RESOURCE,PROCESS) RESOURCE USAGE
Makechar Maketable Makdamp
plantcap 3 2 11
salecontrct 1 -1;
POSITIVE VARIABLES
PRODUCTION(PROCESS) ITEMS PRODUCED BY PROCESS;

VARIABLES PROFIT TOTALPROFIT;
EQUATIONS
OBJT OBJECTIVE FUNCTION ( PROFIT)

AVAILABLE(RESOURCE) RESOURCESAVAILABLE ;
OBJT.. PROFIT=E= SUM(PROCESS,(PRICE(PROCESS)*yield(process)
-PRODCOST (PROCESS))* PRODUCTION(PROCESS)) ;

AVAILABLE(RESOURCE)..

SUM (PROCESS,RESOURUSE(RESOURCE,PROCESS)

*PRODUCTION(PROCESS)) =L= RESORAVAIL(RESOURCE);

MODEL RESALLOC /ALL/;
SOLVE RESALLOC USING LP MAXIMIZING PROFIT;
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I|ntroduction to GAMS
Dissecting the GAMS formulation
Calculated Data— In the Model

PARAMETER
PRICE(PROCESS) PRODUCT PRICES BY PROCESS
/makechair 6.5, maketable 3, makdamp 0.5/
Yield(process) yields per unit of the process
/Makechair 2, maketable 6, makdamp 3/
PRODCOST(PROCESS) COST BY PROCESS
/Makechair 10 ,Maketable 6, Makelamp 1/
OBJT.. PROFIT=E= SUM(PROCESS,(PRICE(PROCESS)*yield(process)
-PRODCOST(PROCESS))* PRODUCTION(PROCESS)) ;

Terms can be included in a GAMS model which involve
calculations. When calculations are included in model
specification equations (those identified with the ..),

then the calculations are automatically executed every time the
model is set up.

Example
SOLVE RESALLOC USING LP MAXIMIZING PROFIT,

price(* makechair”)=8;
SOLVE RESALLOC USING LP MAXIMIZING PROFIT;

Model isfirst solved at the original price of 6.5, then the price
Is changed to equal 8 and model is solved again with the
altered price in effect doing a comparative statics analysis of
solution sensitivity to price.
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I|ntroduction to GAMS
Dissecting the GAMS formulation
Calculated Data— In the Code

Data do not only have to be directly entered in the code as
constants. Rather data can be calculated or altered in many
different ways.

Example (trnsport.gms)

Table distance(Source,Destinaton) distance in thousands of miles
new-york  chicago topeka
seditle 2.5 1.7 1.8

san-diego 25 1.8 14 ;
Scalar prmilecst freight costin $ per case per 1000 miles /90/
loadcost  freight loading cost in $ per case /25/ ;
Parameter trancost(Source,Destinaton) transport cost in dollars per case;
trancost(Source,Destinaton) =

loadcost + prmilecst * distance(Source,Destinaton) ;
Costsum .. totalcost =e= sum((Source,Destinaton),

trancost(Source,Destinaton)* transport(Source,Destinaton));

Thus GAMS allows potentially rather extensive data
manipulation.

Watch out for the dynamic vs. the non-dynamic cal culation.
The calculations such as the one above are only once.
Calculations in the model equations are done every time the
model is set up.
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Introduction to GAMS
Dissecting the GAMS formulation
Displaying Calculated Data

GAMS alows oneto display an array of data

General format
display itemname;

Example (trnsport.gms)
Entering
display trancost;
Results in the following in the trnsport.L ST file

---- 24 PARAVETER TRANCOST transport cost in dollars

per case

New Yor k Chi cago Topeka

Seattle 250. 000 178. 000 187. 000
San D ego 250. 000 187. 000 151. 000

Y ou can also control precision in displays

option decimals=0;
display trancost;

Yields
---- 26 PARAVETER TRANCOST transport cost in dollars
New Yor k Chi cago Topeka
Seattle 250 178 187
San D ego 250 187 151
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I|ntroduction to GAMS
Looking at your model with LIMROW LIMCOL

GAMS can cause one to lose touch with the exact optimization
model being solved. The algebraic model gives ageneral feel
for model structure but because

a) datacan be calculated

b) models can be big and

C) unanticipated cases can be covered
model ers often don’t know exactly what isin the model.

Thus, when setting up a model one may need to look at
individual equations and variables. GAMS permits this through
the use of model element displays stimulated by the LIMROW
and LIMCOL options.

When GAMS runs a display of the first three variables and
equations in each block isincluded in the LST file

For equations we get something like (trnsport.gms)

---- COSTSUM  =E= tota transport cost -- objective function

COSTSUM..- 250* TRANSPORT (Seettle,New Y ork) -178* TRANSPORT (Sesttle,Chicago)
- 187* TRANSPORT (Seattle, Topeka) - 250* TRANSPORT (San Diego,New Y ork)
- 187* TRANSPORT (San Diego,Chicago)-151* TRANSPORT (San Diego, Topeka)
+ TOTALCOST =E=0; (LHS=0)

---- SUPPLYBAL =L= supply limit at source plants
SUPPLYBAL (Sesttle).. TRANSPORT (Seattle New Y ork) + TRANSPORT (Sesttle,Chicago)
+ TRANSPORT (Seettle, Topeka) =L=350 ; (LHS = 0)
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I|ntroduction to GAMS
Looking at your model with LIMROW LIMCOL

For variables we get something like (trnsport.gms)

---- TRANSPORT shipment quantitiesin cases
TRANSPORT (Sesattle,New Y ork)
(.LO, .L,.UP=0,0, +INF)
-250 COSTSUM
1  SUPPLYBAL (Sedtle)
1 DEMANDBAL(New York)

TRANSPORT (Sesttle,Chicago)
(LO, L, .UP=0,0, +INF)
-178  COSTSUM
1  SUPPLYBAL (Seatle)
1  DEMANDBAL(Chicago)
REMAINING 3 ENTRIES SKIPPED
---- TOTALCOST totd transportation costsin dollars
TOTALCOST
(.LO, .L, .UP=-INF, 0, +INF)
1 COSTSUM

If we want more or less variables or equations we can do this
by altering the LIMROW and LIMCOL options.
To eliminate place the following in the code
Option limrow=0;
option limcol=0;
To expand place the following in the code
Option limrow=100; (or any other number)

option limcol=100;

Unfortunately for large models using this model examination
procedure can generate very substantial output files
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I|ntroduction to GAMS
Looking a your model with GAMSCHK

| have developed an alternative way of displaying models called
GAMSCHK. Torun GAMSCHK we insert the following line
In the model right before the solve

option |p=gamschk;

We also create an another file- the GCK file - which tells
GAMSCHK what to do

Example

Given the file gamschkt.gms create the file gamschkt.gck
which contains (see gamschk.pdf for GCK file contents
description)

displaycr
variables
transport(se*)
equations
dem* (n*)
picture
blockpic
postopt

The GAMSCHKT.LST file then contains the output on the
following pages
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I|ntroduction to GAMS

Looking a your model with GAMSCHK

Then we get

- - - - #### Executing D SPLAYCR

----### Dl SPLAYI NG VARl ABLES
- - - - ## VAR TRANSPORT

## TRANSPCRT( Seattl e, " New Yor k")
COSTSUM

SUPPLYBAL( Seattl e)

DEMANDBAL (" New Yor k")

## TRANSPORT( Seatt | e, Chi cago)
COSTSUM

SUPPLYBAL( Seatt | e)

DENMANDBAL ( Chi cago)

## TRANSPORT( Seatt | e, Topeka)
COSTSUM

SUPPLYBAL( Seatt | e)

DENMANDBAL ( Topeka)

- - - - #HH# DI SPLAYI NG EQUATI ONS
--- - ## EQU DEMANDBAL

## DEMANDBAL("New Yor k")
TRANSPCRT( Seat t | e, "New Yor k")

TRANSPORT( " San Di ego", "New Yor k")
=G= 325.00
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I|ntroduction to GAMS
Looking at model with GAMSCHK- PICTURE

### PI CTURE - COEFFI CI ENT CODES
LOVER BOUND  CODE UPPER BOUND
(I NCLUSI VE) (LESS THAN)
100. 00000 F 1000. 00000
10. 00000 E 100. 00000
1. 00000 D 10. 00000
1. 00000 C 1. 00000
0. 00000 0 0. 00000
- 0. 50000 1 0. 00000
-1. 00000 2 - 0. 50000
-1. 00000 3 -1. 00000
-10. 00000 4 -1. 00000
-100. 00000 5 -10. 00000
-1000. 00000 6 -100. 00000
| TTTTTTT R
| RRRRRRO H P N
| AAAAAAT S O E R
| NNNNNNA C S G O
| SSSSSSL O I A AA W
| PPPPPPC E T 1 T 1 C
| OO0OO0OO0OO0OO0O0 F I J J N
| RRRRRRS F Vv, Vv, T
| TTTTTTT S ES ES S
| 1234561
COSTSUM1] 6 6 6 6 6 6 C =20 1 6 7
SUPPLYBAL 1] C CC < F 3 0 3
SUPPLYBAL 2| ccc < F 3 0 3
DEMANDBAL 1| C C > F 2 0 2
DEMANDBAL 2| C C > F 2 0 2
DEMANDBAL 3| C C > F 2 0 2
POSI Tl VE | 2 2 2 1
COLUWN CTS | 2 2 2
----### Dictionary of Variables
TRANSPORT 1: TRANSPORT(Seatt!l e, "New York")
TRANSPORT 2: TRANSPORT( Seatt | e, Chi cago)
TRANSPORT 3: TRANSPORT( Seattl e, Topeka)
TRANSPORT 4. TRANSPORT(" San Di ego”, "New Yor k")
TOTALCOST 1: TOTALCOST
----### Dictionary of Equations
COSTSUM 1: COSTSUM
SUPPLYBAL 1: SUPPLYBAL( Seattl e)
SUPPLYBAL 2: SUPPLYBAL("San Di ego")
DEMANDBAL 1: DEMANDBAL(" New York")
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I|ntroduction to GAMS

Looking at your model with GAM SCHK- Blockpic
### A. Aggregate Block Picture -- Strip 1

| T T |

| R O |

| A T |

| N A |

| S L |

| P C |

| O O | R

| R S | H

| T T | S
COSTSUM | - + | E O
SUPPLYBAL | + | L +
DEMANDBAL |+ | G +

Variable Typ | + wu

### B. Picture G ving Nunber of Coefficients by Bl ock

| T T | o]
| R o | e 0
| A T | f f
| N A | f
| S L |
| P C | C E
| O o | R n q
| R S | H t n
| T T | S S S
COsTSWM | 1+ | E 1+ 1
| 6- | 6-
SUPPLYBAL | 6+ | L 2+ 6+ 2
I |
DEMANDBAL | 6+ | G 3+ 6+ 3
Coeff Cnts | 12+ 1+ | 5+ 13+
| 6- | 6-
# of Vars | 6 (.
Vari able Typ | >=0 <0>
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Introduction to GAMS
Looking at your model with GAM SCHK- Blockpic

### C. Picture G ving Average Nunber of Coefficients by Col um

| T T f
| R @] S o]
| A T f
| N A P
| S L e
| P C r E
| O O R E q
| R S H q n
| T T S u S
COSTSUM | 1+ | E 1+ 1
| 1- I 6-
SUPPLYBAL | 1+ | L 2+ 3+ 2
I I
DEMANDBAL | 1+ | G 3+ 2+ 3
| |
Cfs PerVar | 2+ 1+ |
| 1- |
# of Vars | 6 1
Var Type | >=0 <0>
### D. Scaling Data - Maxi mum & M ni nrum Coefficients by Bl ock
| R E
| T T H q
| R O S u
| A T
| N A M M
| S L a a
| P C X X
| O O M M
| R S [ [
| T T n n
COSTSUM Max | 250 1 250
n| 151 1 1
SUPPLYBAL Max| 1 600 1
M n| 1 350 1
DEMANDBAL  Max| 1 325 1
M n| 1 275 1
Total Var Max| 250 1 600
M n| 1 1 275
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Introduction to GAMS
Looking at your model with GAMSCHK Postopt

- - - - HH## ROW SUMM NG EQUATI ONS

----## EQU COSTSUM

## COSTSUM
VAR Al j
TRANSPORT( Seattl e, " New Yor k") -250. 00
TRANSPORT( Seat t | e, Chi cago) -178. 00
TRANSPORT( Seatt | e, Topeka) -187. 00
TRANSPORT( " San Di ego", "New Yor k") -250. 00
TRANSPORT( " San Di ego", Chi cago) -187. 00
TRANSPORT( " San Di ego"”, Topeka) -151. 00
TOTALCOST 1. 0000
=E=
RHS COEFF
SHADOW PRI CE
----### BUDGETI NG VARI ABLES
- - - -## VAR TRANSPORT
## TRANSPORT( Seattl e, "New York")
SOLUTI ON VALUE
EQN Aij
COSTSUM -250. 00
SUPPLYBAL( Seattl e) 1. 0000
DEMANDBAL (" New Yor k™) 1. 0000

TRUE REDUCED COST

Xj Al j *Xj
50. 000 -12500.
300. 00 -53400.

0. 00000 0. 00000
275. 00 -68750.

0. 00000E 0. 00000
275. 00 -41525.
176180 176180
=E=

0. O0O0O00E+00

1. 0000

50. 0000

Ui Aij* U
1. 0000 - 250. 00
0. 00000E+00 0. 00000E+00
250. 00 250. 00
0. 00000E+00
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Introduction to GAMS
Accessing documentation on GAMS through the |IDE.

The GAMSIDE has atie in to documentation. In particular
suppose we wish to know about a particular item and there
happens to be afile on that item. For example suppose we are

going to use GAMSCHK and our source code contains the line
option |p=gamschk;

If we place the cursor over the word GAMSCHK and press the
<F1> key asfollows

Fie EdJdL Seach “wrdus H-p

) ] 15 ] 5]

Fia 1z st Lz el Tagomn anel wal gz

A ME.(| T T2k bl d. die S I

—tesioatble (EaYwm. =4= cohbECa>Z (T&TE) !

aptinm In= g.-}:'n- e
rwodcl foarmwod Salls

golve Isriamod KsaHlrlzlhr prozilk usSi1ng Lpr

we get

] \ vhal Beade - [GAMSCHE_FDF]
& Zle Zdt Wiea Took Window Hep

CAMSCHE USER DOCTUMENTATION
YWorsion 1.1
A svatem for Examimang the Strucure and Solubor

Froperizz of | inza~ Froramrming Frohlems
Saived using GAMS
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Introduction to GAMS
Accessing documentation on GAMS through the IDE.

In fact we can get any of the following
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Introduction to GAMS
Accessing documentation on GAMS through the IDE.

The files used are those in the docs directory that were created
for this course. You can add more. Any file with a pdf or html
extension will work if you add it to docs.

It does not have to be a command GAMS recognizes.

Try putting in the following

*gams

% c:\gamz\aghclass\examples\fixagmodifarmbud. gms

farmev.gms farmbud.gmsl

+feedcattle (farm) =g= contract (farm):
sy
option lp=gswmschk:
model farmmod fall/
zolve farmmod waximizing profit using lp:

In turn you get

Bubul Beader | RSH'S.POF]|

[P bz B! 2ow Lotk wmedin -cp

(R S [ Em[iE] 4] < v w| s ]| OO &

GAMS

A USER'S GUIDE
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