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Company Background

 Roots: World Bank, 1976

« Went commercial in 1987

 GAMS Development Corporation
(Washington, Houston)

 GAMS Software GmbH (Frechen,
Braunschweig)

» Tool Provider: General Algebraic
Modeling System



Agenda

I What is GAMS?
I Building an Application around GAMS

I What is New?



AI?ebraic Modeling Language with
balanced mix of declarative and
procedural elements

Platform independent: 10+ Platforms

Hassle-free switch of solution
methods and solvers:

. 10+ MP classes
. 30+ Solvers

Open architecture and interfaces to

other systems




GAMS Design Principles

Independence of

 Model and operating system

« Model and solution methods (solver)
 Model and modeling system
 Model and data

 Model and user interface

Operating Modeling User
> System> Solver> System> Ll > Interface

Models benefit from

« Advancing hardware
 Enhanced / new solver technology
5 « Improved / upcoming interfaces to other systems



The Cutting Stock Problem

Object Oriented GAMS API
I Some Examples (c#)



Cuttlng Stock Problem

Problem: Paper rolls of fixed width
(“raw”) must be cut into smaller
portions (“finals™).

* Input:
— Width of the raw
— Demand: Widths and number of
finals

* Objective: Minimize the required
number of raws

« Output:
— Combination of cuts (“patterns”)
— Produced number of each patterns
— Number of required raws




Cutting Stock Problem: Column Generation

Gilmore & Gomory (1961)

Demand
Duals /
Master Prlcmg
Model | Model
// / / New ﬁ/ ’
\ Patterns .



Cutting Stock Problem: Modeler

|cwsmckgms cutstock. |st

Set 1 widths fwl*wa/
Parameter
T raw width /

w({i) width

d(i) demand

Set p possible patterns fpl*pl000/
ppip) dynamic subset of p
Parameter

aip(i,p) number of width i in pattern growing in p;

* Master model

WVariable xp(p) patterns used

z ocbjective wariable
Integer variable xp; xp.up(p) = sum{i, d{i)};
[Egunation numpat nunmkber of patterns used

demand (1) meet demand;

nunpat. . Z =e= sum(pp, Xp(pp)):

demand (1) .. sww(pp, aip(i,pp)*xp(pp)) =g= d(i);
model master Jnumpat, demand/;

+ Pricing problem - Knapsack

WVariable v(i) new pattern;
Integer wariable y; v.up(i) = ceil(x/wi(i)):

Ecmation defobj
knapsack knapsack constraint;

defobj.. z =e= 1 - sum(i, demand.m(i)*v(i)):
knap=ack. . sum (i, wi(i)*y(i)) =1= =r:

model pricing Sdefoki, knapsack/S:

|cutstock.gms cutstock. st

1izaTCion — LS 1nirtlisal PECCErXrns a4av

Init I /e & single

Er(p) = ord(p)<=card(i):

aip(i,ppip))siordi(i)=ord(p)) = floor(x/w(i)):

*display aip;

Scalar done loop indicator /0/

Set pi({p) set of the last pattern:; pi(p) = ord(p)=card(pp)+1:

option optcr=0,limrow=0,limcol=0,sclprint=off:>

While (not done and card(pp)<card(p).,
solve master using rmip minimizing z;

patrep(*, *): Solution pattern report

golve pricing using mip minimizing z;

pl|p2 |p5 |pE |mta||

* ;?::E:: that might improve the master model _.;'w1 2
if({z.1 < -0.001,
2ipii,pi) = round(y.1(i)}): w2 22 1 5
ppipl) = yves; pl(p) = pl(p-1): w3 2 2
else
done = 1; wd 2 2
y ' # produced |49 100 106 198 453

display 'lower bound for number of rolls', master.objval;

option solprint=on;
solwve master using mip minimizing =;

demrep(*, *): Solution demand supply report

Parameter patrep Scolution pattern report
demrep Solution demand supply report;

pacrep('# produced',p) = round(xp.l(p)):

patrep(i,p)Spatrep('# produced',p) = aip(i,p):

patrep (i, "total') = suwm(p, patrep(i,p)):

patrep('# produced', 'total') = suw(p, patrep('# produced',p)):
demrep (i, "produced') = sum(p,patrep(i,p) *patrep('# produced',p)):
demrep (1, "demand') = d (i)

demrep (i, "over') = demrep (i, 'produced') - demrep(i,'demand'):

display patrep, demrep:
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Cutting Stoc

K: Application Developer

a5l CutStock ‘Q - e [ PEmEEx It
Cuts
i1 U 5 Demand 97 2]
[i2 U 36 Demand: 610 ||
i3 U 31 Demand: (35 12|
! lig — 14 Demand: 211 || I

Raw Width: 100/2]| Max Pattem: | W22

l Solve J Load Data
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a5l CutStock 'g e e e

Cuts
[i1 { 45 Demand: 37 |4
|i2 {J 36 Demand: 610 |2
[i3 U 3 Demand: 395 2
| i4 {J 14 Demand: 211 |2 ]

Appllcatlon

Developer

&) 2 Raw Width: 100}% Max Pattem:
’ Load Data

Solve

culstockgms  culstock st

k22

Scalar done loop indicator /0/

Set  pi(p) sec of the last pattern; pi(p) = ord(p)=card (pp)+1;

option opter=0,limrow=0,limcol=0, sclprint=off:

While (not done and card (pp)<card (p),
solve master using rmip minimizing z:

solve pricing using mip minimizing z;

aip(i,pi) = l(J)J
PR (pl) = yes.
else

J.
Vi

display 'lower bound for number of rolls', master.objval;

option solprint=cn:
solve master using mip minimizing z;

Parameter patrep Solution pattern report
demrep Solution demand supply report;

patrep('# produced’,p) = round(xp.1(p)):
patrep (i,p)$patrep('$ produced',p) = aip(i,p);

patrep(i,'total') = smm(p, patrep(i,p));
patrep('# produced’,'total’) = smm(p, patrep('# produced’,p)):
demrep (i, 'produced’) = sum(p,patrep(i,p)*pacrep('$ produced’,p));

demzep (i, 'den

ArmaAlY - Aempvar (5 AsmamAl]

patrep(*, *): Solution pattern report

1

p1|p2 |p5 |pb |total

wi 2
w2 222 1 5
w3 2 2
wd 2 2
# produced|49 100/ 106 196 453

demrep(*, *): Solution demand supply report

Bridging The Gap: GAMS OO API

T

GAMS
OO API
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Concept: Separation of Tasks

— Use GAMS for modeling and optimization tasks

— Programming languages like C# (.NET), Java and Python are well-
suited for developing applications (GUI, Web, ...)

— Frameworks available for a wide range of specific tasks, e.g GUI and
Web development

— Communication between GAMS and application through GAMS APIs

4 N




3. GDXAPI: Get Solution from GAMS Model

Application

-—)
— )

GAMS

L]

GAMS API: Basic Functionality

1. GDXAPI: Create Input for GAMS Model
2. Callout to GAMS

*  Option APIl: GAMS option settings

«  GAMSX API: Start and controls GAMS Job

g

SOLVER




Low level GAMS API

« High performance and flexibility

« Automatically generated APIs for several languages (C,

Delphi, Java, Python, C#, ...)

» Data Exchange (GDX), job control (GAMSX), options (OPT)

« Part of any GAMS distribution, no license required

& ¥ Gama.com i €« gamicon

|
| GDX (GDX) API Documentation

GAMS | o
| comummarsmue: [T S
-- Functions, Procedur

. GAMSX (GAMSX) API Documentation

o Omiead for CAMY
| “~ s com

al
Application Programming Interf:
* Functions, Py
OFPT (OPT) API Documentation

Frecsts GANS

Cemerated fox OAMS 2402

mpe of mpwn data and model restalie. Model

J Toal dm vama of 43 v
the mpat efficiest war. These sse duee version of fie obyect-anented

BIA DI EED -
Potasn O veboe of 8 Enscore GA
st T
Gt Ence oy

Functions, Procedures and Properties

g GAMS AFT alkeers (he seasless o
| ased for cosvemient exchazge of mput dusa snd sod:
e soat efliciest ey

Debuggpmg (Inter

| Tz addmon 4o the clpect-orwmed GAMS AF], there exint low bevel (51
exmesaively. While Shey offer bigh performance aud Bexiteliny they alaf &
Delghi, Fartrsa, Javs, Python and Viesal Basic

L)
Fogiosr s svtag 0o b

| Further Documentation I stsduaConien

2y (e, Retnaes 0 of thewe wr & defiathes etres
Fetane the vl of e

| e roatcm o 12 chler § PeIRsRS | cpitasdtumsatactih
| For eack of the thoee veruom of the object-coasted GAMS APL theve ¢ b i srrewve ) Tre £CEI Foed permrewsy Hom fik
Jarw spi avados mdex html of your GAMS systers Erme gacCBiDefan) | sadfoniz
Tre £CB2 Foad opthams Som ving 15 the e of Prrons, meessages ] be g 10 e mesage e (e OprGefisiags)

wifiraPuseenfis

For fae dow Jevel APls there sxist scone sammary pages contaimng an ooeniew of the exporsed finenon m peeBoo ¢
Urow

et lemasts
| Examples Cum ol masmagu nxed = be pEgs e

Taere are several examples for the dafferers pooprammeng lnaguages m [Path/To/GANS ] fap1fiies/ [ntha dovoroey Saere 1w alwe 3 Boadde 5z witach descobes bowr % Smld snd sxecone these sxamples

be et wine sempeey v om optce. Wine dosbied, crdy Dedizad well be et

fond prarwnees 12 3 file (5w case of wrers, emssages will he addad 2 s swaage qores (e OprCet fessage
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Object-oriented GAMS API

« Additional layer on top of the low

level APIs

« Object-oriented: .NET, Java,

and Python

 Part of any GAMS distribution, | ==
no license required

¥ GaMs uld P

,,..
Hde .:rv-
Conterts | index | Search |

QS
EquType Enumention
g GAMSCheckport Class
O Q GAMSOatabase Oase
g GAMSEquaton Claes
GAMSEquatorfacord C
5 04 AMSExcepton Class

E
e
|

3] GAMSHModelinstance Sy
# GAMSModeiinstancelnt
: GAMSModBer Class
- Qr AM

_] u%‘ﬂ SOptions. EAction [

tions Can

e e N | 5

Flle Edt View Window Help

3 AMSOctions ECharSet
8] GAMSOptions EDFommat

2 =

~

1

(1 of 61)

| F 5] GAMSOptions EExmcMeac
1 SOptions EHeCase

= GAMS Python AP

4

' Hierarchical Index
%[ Class Index
# 2 Ciass Documentation|

F Index
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GAMS

] GAMSOptions, EFor
5] GAMSOptions EgeeCary
%] GAMSOctions EoeCon

@
]

[P

GAMS Namespace

Sang feedback

The GAMS nsmespace provides obpects 1o mteract with the General Algebrac Modelng |
System (GAM 28 in this namaspace allow corvaninrd exchangs of input data and =
madal resuits atabiase), help 1o craate and run GAMS modals (GAMSIab), that can |
customzed by GAMS optons (GAMSOpbons). Furtharmaore, reroduces a2 way to scive a
sequence of dosely related model instances in the most efficient way (GAMSModellnstance

TP'- undertying GAMS engine relies to some extent on fle based commumicabon (e.g. the
lsbng fie) and other unmanaged resources. The use of external resources n the NET

enmvronment requires spacial attention, Henoe, some obpects n the MS namespace ‘
mplernect the [Disposable rtarfuce
befare the NET garbage collectar does its yob,

atabase] and need

6 be preparty Gapoan

A GAMS peogram can include cther scurce files (e.g. $include), load data from GDX fies 1
Q. $GOXIN or execute_load), and create PUT fhles, Al e files can be specified with &

(relatvee) path and therefore an anchor into the file system is required. The base dass [
GAMSWorkspace manages the anchor to the file system. If external file communication is n

an ssue © & particular NET soktion, temporary directones and files will be managed by
objecty in the hameapace

With the excepton of GAMSWorkspace the obects » the GAMS namespace canndt be
accessed across dfferent threads unless the mstance is locked, The classes thamself are

shoand cufe aod oo dbode chaacte of bha cdace ran b e froen A thrance (zam b

T GAMS jova pdf - Adobe Resder

[File Edi View Window Help

i)

JE_: E_f Ij = Q:—} d| i) (@ [ 1] 2ot | (o [ IR TN = 3 e T Tools Sign Comment
Bookmarks [ °
| _P E' B
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&~ # [P Hiesarchical Index - ‘
\
5 0P o |
(P Crass Index GAMS Java AP|
= I Ctass Documentation
i Index
T
"
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Features of the Object Oriented API

No modeling capability, model is still written in GAMS

Prepare input data and retrieve results in a convenient
way = GAMSDatabase class

Set GAMS and Solver Options = GAMSOptions class
Control GAMS execution - GAMSJob class
Scenario Solving: Feature to solve multiple very similar

models in a dynamic and efficient way
- GAMSModellnstance class



Application Step 1

 What are we going to do?
1. Run the model
2. Print out the results
3. Change the solver used

.

-
——
i

' GAMS |

A
5
\
e N /
e 1 o

/£ patrep (% *)‘,

* Interface:

 What do we need?

1. GAMSWorkspace & GAMSJob
2. GAMSOptions (Solvers)

. 3. GAMSParameter > Stepl.cs




Application Step 2

 What are we going to do?
— Define the input data within the application
— Store the data and pass it to the model
— Check for Errors

S—

-

P

» Interface: . GAMS |

\'-
/ b=
| -

patrep(f'%? |
 What do we need?
— Cutstock Class

— GAMSOptions

— GAMSEXxception > Step2.cs

19




Application Step 3

« What are we going to do?

— Move the logic of the algorithm from GAMS into the
application layer

( I ’Veh/ !
‘ N

\ \)"\\O Py : N

N 0 f@
. Master | ? L ,’
\ . Pricing

e Interface:

21



GAMSJob.run - Method

masterJob.Run(opt, masterCP, cutstockData);

Each solve needs to regenerate the model

Model rim can change

Data exchange between solves possible

User updates GAMS Symbols instead of matrix coefficients

22
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GAMSModelinstance.solve - Method
subMI.Solve();

« Works with particular model instance

Saves model generation and solver setup time

Hot start (keeps the model hot inside the solver and uses
solver’s best update and restart mechanism)

Model rim unchanged between different solves

Data exchange between solves possible




Excursus: GAMSModellnstance etc.

GAMSJob

» Manages the execution of a GAMS program given
by GAMS model source

GAMSCheckpoint
» Captures the state of a GAMSJob

GAMSModelInstance
A single mathematical model generated by a GAMS

solve statement
GAMSModifier - |

» Marks elements of a GAMSModelInstance to be
modifiable

>4 = Step3.cs




GAMSModellnstances in Parallel

« Multiple GAMSModelinstances running in parallel with

one common data source:
Query
Solve data
source

Thread 1 |

Create
model
instance

Query
data

source

L

Data
source

@

Thread 2 |

Thread 3 |

26



Application Step 4

 What are we going to do?
— Combine model and
graphical user interface

28

Raw Width: 100

s ]

Max Pattem: Bl=

ol CutStock =l|] 3
Cuts
|i1 ", 45 Demand: |37 |
|i2 (U ) Demand: 510 |
|i3 U 31 Demand: 395 |
|i4 () 14 Demand: 211 |

Load Data

|

New pattern! Value: -0,lE686688E88E88E7T
COptimal Sclution: 453
pattern 1 4% times: il: Z
pattern 5 Z20&€ times: 4iZ: 2 id4: Z
pattern © 138 times: iZ: 1 i3: 2

pattem 1| pattem 5 | pattem 6

m

1

=>» Step4.cs
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Forthcoming Distribution 24.1

* Improved data handling for large datasets
 New or improved functions

¢ Add new functions to GAMSModelinstance:

CopyModellnstance: Copies a Modellnstance to a new Modellnstance which gets constructed at this call

]

]

Interrupt: Sends interrupt signal to running GAMSModellnstance

* Added new functions to GAMSSymbol:

]

CopyTodrray: Copies values of a dense symbol into a dense array

CopyToSgzdarray: Copies values of a sparse symbol into a squeezed array

]

]

CopySparseToDensefrray: Copies values of a sparse symbol into a dense array

CopyFromDenselrray: Copies values from dense array into a symbol

(]

CopySliceFromDenseirray: Copies values from slice of dense array into a symbaol

]

* Added new functions to GAMSSymbol and all its derived classes: GetRecord, which finds a record if it exists and adds it if not

& Added new functions to GAMSWarkspace: AddJobFromGamsLib, AddlobFromTestLib, AddlobFromEmpLib, AddlobFromDatalib and
AddJobFromFinLib

& Added new properties to GAMSWarkspace: Version, MajorRelMumber, MinarRelNumber and GOLDRelMumber

« Change the GAMSWorkspace.Debug parameter from a Boolean flag to an enum type called Debuglevel

¢ Add new sub class of GAMSException: GAMSExceptionExecution. This provides additional info about the reason of the failed execution.
20 o Allow to define SymbolUpdateType for each GAMSModifier separately

# Significant performance improvement for function GAMSWorkspace.AddDatabase(GAMSDatabase)
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Agenda

GAMS System

Platforms
Solvers

Interfaces



What is new: GAMS System

« Support for user-defined:
— Macros
— Function libraries

« Asynchronous execution

e Scenario Solver (GUSS)

« Extended Mathematical Programming (EMP)

31



What is new: Platforms

« Support for MAC OS X
 Cross-platform licenses

* Wine (Linux, Mac)

33



What Is new: Solvers

34

GLoMIQO: Branch-and-
bound global optimization for
mixed-integer quadratic
models

Lindo: Global and stochastic
optimization

SULUM: Linear and mixed
Integer optimization |

R. Misener and C. A. Floudas

M At Yeer Some  Laks  Caatact te

M| LINDO SHSTIEMS INC.

HOML DOWNLOADS  MODILS ONDER  CONSULTING TRAINING  CONIACT US  SEARCH

LINDO A®1 8.0 - Powerful Library of Optimization Solvers and Mathamatica
Programeming Teols

An Overview of the LINDO AP

With the LNDO 201 you can saly crmale your cwn optinization applicatior. (b siows you to plug
ower of e UNDO wivers right inta g nd o progranes Tt wau b

Sear and Lacel wiitten. The 1ecently veieased UNDO AF1 RO Inchades  mumber of siréficant sohascesmats and n
- 0 Teatipres v o hres

DO AP dar Santuny
Selatanscalaatisn 0 beviens for maove information
+ Sobver Solte
@ulum Sh B e it

Aralylics the key of [utuvre business




New GAMS Dlstrlbutlon 24.0.2

Released February 24, 2013  www.gams.com/download

« Solver updates
— BARON 11.9.1
— CONOPT 3.15I
— CPLEX 12.5
— GLOMIQO 2.0
— GUROBI 5.1
— KNITRO 8.0
— LINDO 7.0.1.487
— MOSEK 6 rev 148
— XPRESS 23.01.06

35
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What i1s new: Interfaces

« OO API for .NET, Java and Python

« GDXRRW
« Connects R-System with GAMS

« Presents data in a natural
form for R users

Source: http://blog.modelworks.ch
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