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» solver (software with implementent solution methods)
for optimization problems distributed since 1988

» first sold by CPLEX Optimization Inc., then ILOG, then
sold to IBM

» widely spread in science and industry

» interfaces for well known programming languages like
C++, Java or C#

» own modeling language: OPL (Optimization
Programming Language)

» cost free for academic purposes as part of the IBM
Academic Iniative
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2.1 Structure of an
OPL project

model files description of a generic optimization model
(extension: .mod)

data files data for instantiation of an OPL model
(extension: .dat)

settings files settings for the solver (extension: .ops)



Types of OPL files

model files description of a generic optimization model
(extension: .mod)

data files data for instantiation of an OPL model
(extension: .dat)

2 Introduction to
OPL

CC-BY-SA
A. Popp

2.1 Structure of an
OPL project



Structure of an OPL project

1.mod
EEN =
y 4
model files “. :'
;
1.dat
A
PE

data files

run configurations

2.mod 2.dat| 3.dat
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2.2 Basic data
types and
operators

Assignment operator
(o f |
int a = b;

Variable name | |End of command




Primitive data types

int

float

boolean

string

short for: “integer”, an integer value with
arbitrary sign. Example literals: 0, 1, -2,
-786

floating point number with arbitrary sign.
Example literals: 0.0, 1.0, 3.14, -7.86

technically a logical value; as decision variable
a 0-1-variable.

a charachter string. Example literals: "1",
NBII s llBerlin"
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Derived data types

Set

Array

an ordered set of elements of (i.a.) primitve
data types, e.g.
{string} Locations =

{"Ansbach", "Berlin", "Cottbus"};

a tuple of (i.a.) primitive data type, sets and
other arrays indexed over a set, e.g.

float Fixcosts[Locations] =
[27.4, 58.3, 30.0];

access by index, z.B.: Fixcosts["Cottbus"]
— 30.0
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» Arrays can be nested into one another to represent
R . Data types
multiple indexes, e.g.

float Entf[Locations] [Locations] =
[[0.0, 5.05, 4.89],
[5.05, 0.0, 1.22],
[4.89, 1.22, 0.0]];

» Mapping rule: from left to right, from outer to inner



Simple Operators

> assignment operator =

> arithmetic operators

+

* |

~

addition

subtraction

multiplication

division (rare in linear models)

» comparison operator (for linear models)

\4
]

equal
less or equal
greater or equal
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Indexed operators

> sum operator

g ... —sum(i in I)(...)
iel
» universal quantifier

Viel = forall(i in I)
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Example: Production problem — index sets

Mathematical model

Index sets:
| set of products
R set of ressources

Model file

//Index sets
{string} I =
{string} R

Data file

//Index sets
I = {"product
R = {"machine

1",
A",

//products
//ressources

"product 2",
"machine B"};

"product 3"};
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Example: Production problem — parameters

Mathematical model

Parameters:

pi  price of product i € /

¢,  capacity of ressource r € R

v,i capacity consumption of product i € | on ressource r € R

Model file

//Parameter

float p[I] = ...; //price

float c[R] = ...; //capacity

float vI[R][I] = ...; //capacity consumption
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Mathematical model

Parameters:
pi  price of product i € /
¢, capacity of ressource r € R

v, capacity consumption of product i € | on ressource r € R
2.3 Mathematical

Data ﬁle models in OPL

syntax

//Parameters

p = [2.9, 3.3, 2.21;

c = [64.0, 48.0];

v=1[
[5.3,

2.9, 2.5]1,
[3.9, 4.8

, 3.1]
13
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Mathematical model

Decision variables:
production quantity of product 7 € / Data types

Xi
[. . ] 2.3 Mathematical
models in OPL
. syntax
x>0 Viel
Model file

//Decision variables
dvar float+ x[I]; //production quantity
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Mathematical model
max Z pi X 2.3 Mathematical
iel models in OPL
syntax
Model file

//objective function
maximize sum(i in I)(p[il=*x[i]);




Example: Production problem — constraints

Mathematical model
s.t. Zv,,-~x,- <¢ V5ieR

i€l

Model file

//constraints
subject tof{

//capacity constraints

forall(r in R)
sum(i in I)(v[r,il*x[i]) <= clrl;
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Example: Produktionsproblem.mod

© o N O A W N R

NN NN B R e e e e e
W N R O © N U DM WNR O

//index sets
{string} I = ...; //products
{string} R = ...; //ressources

//parameters

float p[I] = ...; //price
float c[R]l = ...; //capacity
float v[RI[I] = ...; //capacity consumption

//decision variables
dvar float+ x[I]; //production quantity

//objective function
maximize sum(i in I)(pl[il * x[il);

//constraints
subject to{

//capacity constraints
forall(r in R)
sum (i in I)(v[r][il*x[il) <= c[r];
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Beispiel: LewigSanstetten.dat

© © N O U A W N R

=
= o

//index sets
I = {"product_1",
R = {"machine_A",

//parameters

"product_2",
"machine_B"};

p = [2.9, 3.3, 2.2];

c = [64.0, 48.0];
v = [
[5.3, 2.
[3.9, 4.
13

o ol

9, 2.5]1,
8

"product_3"};
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> oplrun -v Produktionsproblem.mod
LewigSanstetten.dat
2.3 Mathematical
models in OPL

syntax

OBJECTIVE: 35.61677 < optimal value

x = [11.737 0 0.71856]; < optimal solution
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The CPLEX Studio IDE

 Lewig_Sanstetten.dat Gliederung 23

v €8 Produicionsproblem (3eispil 1.1) 7/Indexnengen — © unter Verwendung von CPLEX
+ (D AusfUhrungskonfiguratonen 7/Ressourcen ~ &b Externe Daten 5)
0 c:foa
1/Preis 0 L sting)
//Kapazitat @ p: floatm
W Proau e //Kapazitatsverbrauch RO po

6 Lewig Sanstettendat 10 //Entscheidungsvariablen 0 v:foatRim
11 dvar floate x[T]; //Produktionsnenge Lo et

1
13 //zielfunktion 8 x: dvar foats )
:; maximize sum(i in I)(p[i] * x[1]); # Zelfunkion: einfach
= 16 = % Nebenbedingungen (1)
WProblem /o Variablen % Unterbre = o || Lo sublect tol
® - 19 //Kapazitatsrestriktion EJElgenschaften 5t 2
20- forall(r in R) -
@ 21 sum(i din D) (vIr][i]*x[i]) <= c[r]; .1’ o
2 Egenschlwes
= Wert =5
~ do Daten 5)
e toad)
1 ProduL1"Produkt 2" Prod
e 293322 [ Fehler 52 B scriptingpr 5 Lésungen # Konflikte & Relaxierun ¢t Engineprot @ Statistik % Profiler § CPLEXSer = @
#r 'Maschine A" Maschine 8)
v 1532925) (2948311 N

0lemente.

12N Ge

25/28‘:" A <
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18M 1L0G CPLEX Optimization Studio ——
Oatei Bearbeiten Navigeren Suchen Ausfuhen Fenser il
1 | e P AT T B R i T e e
@ Produktionsproblem.mod R (] Lewig_Sanstetten.dat = @ | EGliederung
1 //Indexmengen @ unter Verwendung von C
{string) 1 //Produkte
—<etring} R //Ressourcen ~ &b Externe Daten(5)
S . B¢ oa Data types

. = Operatc
project browser: iy

Overview of the current s

| project's content bt

Jebenbedingungen

§ Problem % unt -n z . _ 2.4 The CPLEX
- 19 //Kapazitétsrestriktion [ Eigenschaften & -0 Studio IDE
20 forall(r in R o S
| Losung mit Zielsetzung 35,617 -] 2 sum(i in T)(v[r][i]*x[i]) <= c[r]; E
= 228 ——
~ goDaten(5)
e [6448)
1 Produ1°“Produle 2" "Prod
oy G23322 (2 Fehler 52 & scriptin Losungen # Konflikte 3 Relaxierun ¢ Engineprot @ Statistik % Profiler [ CPLEXSer = 8
R ('Maschine A" ‘Maschine 8}
v [1532925) (39.483.1]) M

0 ] || oskmene

D) 1 Elemente ausgewahit 00:000045



The CPLEX Studio IDE

1BM ILOG CPLEX Optimization Studio
Datei Bearbeiten Navigieren Suchen Ausfuhren Fenster  Hifle

el et B o i

LAzl

@ OPLProjekte 1t ($Debug =1 & ¥ = @& i d 32| Lewig_Sanstetten.dat

& Produkdionsproiem (3eispcl1.1)

+ (D AusfUhrungskonfiguratonen

. Lewio Sansteten (Standard)
@ Producionsproblemmod: CPLEX
5 Lewig Sanstettendat

(G Produktonsproblemmod: CPLEX

5 Lewg Sansteten.dat

i //Produkte
i //Ressourcen

i //Preis

in D(pl) * x[il);
- wemveaTgUngen
17 subject to{

18

19 //Kapazitatsrestriktion

20= forall(r in R)
sum(i in T)(v[r][i]*x[i]) <= c[r];

»
Name e a2,
~ doosunis

:43 (6448

1 {"Produkt_1" *Produkt_2" "Prod|

LD o [&¢ Fehler 52 © scriptingpr Lésungen Konflikte Relaxierur

*R {"Maschine A" "Maschine 8}

v (1532925) [39483.1])

oskmere

€t Engineprot @ Sta

D 1 Elemente ausgewahit

£ Gliederung 2
© uner Verwendung von CPLEX
~ 6B xerne Daten 5)
0 c:foar
0 Lifsuing)
0 p:foaty
0 R (sing)
0 v foat
~ @ Enscheidungsvariablen (1)
[ x:dar foaesmy
 Ziefnkion: einfach
~ 5/ Nebenbedingungen (1

= Eigenschaften 2

Eigensch| v

stik % Profiler [ CPLEX-Ser
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The CPLEX Studio IDE

IBM ILOG CPLEX Optimization Studio

Datei Bearbeiten Navigieren Suchen Ausfuhren Fenster  Hifle
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(& schnelier gt

PRE N I T T R N RIT  2e R R =re Ae=es
@ OPL-Projekte 3 #Debug = & ¥ = & 8 Gliederung 38 =n
(&9 Produktionsproblem (Beispie 1.1) @ unter Verwendung von CPLEX
» Lewig Sanstetten (Standarc) 3 c:floatR Data types
G Produktionsproblem.mod: CPLEX 0 1:{string Operators
5 Lewig Sanstettendat @ p: float(n
{5 Lewig Sanstetien.dat 3 v: float(RIn)
B x: dvar float+[1)
~ ¥ Nebenbedingungen
.
o PR——— 2.4 The CPLEX
£ Eigenschaften & - o Studio IDE
[ Losung mic zieiserzung 35,617 -
i
input @) (11010 (2] EUN(c|  —————————————r———y——
e
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18M 1L0G CPLEX Optimization Studio ——
Oatei Bearbeiten Navigeren Suchen Ausfuhen Fenser il
s e P AT T B R i S e ]
@ OPL-Projekte X #Debug = % ¥ = B (@ Produktionsproblem.mod & y_Sanstetten, = B & Gliederung %
(&5 Produktionsproblem iel 1.1) B 1 //Indexmengen ® unter Verwendung von C
2 {string} I = ...; //Produkte
n 3 {string} R = ...; //Ressourcen ~ ¢ Exerne Daten (5)
E—— a _— Data types
—_
Operators

evig Sanstetten Standarc)

L —— [ problem browser:

€9 Lewig_Sanstetten.dat

Eheae ' After a succesful solving run
i the solution will appear here.

16 //NEDEmoen,
17- subject <
1

2.4 The CPLEX
-a Studio IDE

1 Eigenschaften &t

Eigenschi Wert

[ Fehler 52 @ scriptingpr 5 Losungen # Konflikte 3 Relaxierun ¢t Engineprot @ Statistik % Profiler § CPLEXSer = @
0lemente
00:000045

2 1 Elemente ausgenahi
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2.1 Structure of an

1BM ILOG CPLEX Optimization Studio T OPL project
Datei Bearbeiten Navgieren Suchen Ausfuhen Fenster Hife
RamAFIEREN RO IS B I R SR RE A RN SRR R CRATR) 2.2 Basic data
| @ OPL-Projekte 18 |$5Debug =) % ¥ = @ (@ Produktionsproblem.mod & (1 Lewig Sanstetten.dat = A ) () types and
- o B 1 //Indexnengen
Produiconsproblem (Beispiel 11 L}
e 2 {string} I = ...; //Produkte R
~ (O Austuhrungsiariiguratonen 3 {string) R = ...; //Ressourcen %
: Data types
5 /paraneter
3 Produicionsproblem.mod - CPLE | L Operators
€5 Lewig Sanstetendat tl . f : . .
womzs | outline for easier navigation B
5 Lewig Sansteten dat q . 2 a atica
n the edltor - models in OPL
syntax
T 5 15
L 16 //Nebenbedingungen -
WProblem & oo variablen % Unterbre = @ || 1 Subdect tol e —— | 2.4 The CPLEX
@ - 1 /emmutresikio 3 Eigenschaften 1 - o Studio IDE
20- forall(r in R) -
[ v 2 sw(in DI <= clrl; o
L 2 | .
Name. [were I F Y eigenschi| Wert 2.5 Errors and
) warnings in OPL
:43 (6448
1 CProduke 1" Produk 2" Prod
ol e {2 Fehler 22 & Scriptingpr @ Losungen # Konflikte 3 Relaxierun ¢t Engineprot @ k % profiler § CPLEXSer = B
*R {"Maschine A" "Maschine 8}
ov 1532925) 3948317 -
Otlemente
D 1 lemente ausgewarit 00000045
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Types of errors

Classification by severity

Error prevents the succesful completion of the
solution run
Warning does not prevent the solution run, but can
cause unexpected results. Sometimes clue to
mistakes in the code.

Classification by time of occurence

compiler errors occur during the translation of the problem
for the solver. Will be recognized by the IDE.

runtime errors occur during solver runtime. Will not be
recognized by the IDE but displayed after a
solution run.
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Common error messages during first tries

» syntax error, unexpected ... (compiler error)
» Compiler does not understand the command after
,unexpected” here
> missing semi-colon?
» syntax error, unexpected = (compiler error)

» special case of above
» often mix-up of the assignment operator = and the
comparison operator ==

» The type ... cannot be used for ... (compiler
error)

» data type mix-up
» index out of bound for array ... (runtime error)

> tried to access an array with a wrong index value
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