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General	Introduction

Constraint	 Programming	 (CP)	 is	 a	 paradigm	 derived	 from	 artificial	
intelligence,	 operational	 research,	 and	 algorithmic	 that	 can	 be	 used	 to	
solve	combinatorial	optimization	problems.	

CP	 solves	 problems	 by	 interleaving	 search	 (assigning	 a	 value	 to	 an	
unassigned	variable)	and	propagation	(removing	inconsistent	values).
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General	Introduction
Constraint	Programming	allows	a	declarative	description	of	the	problem	to	solve.
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General	Introduction
Constraint	Programming	allows	a	declarative	description	of	the	problem	to	solve.

Other	declarative	approaches	:	Logic	Programming,	Operations	Research

Find	a	formal	representation	of		
the	knowledge	with	logical	rules Find	a	mathematical	formulation	of	the	problem
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General	Introduction

In	CP	we	would	like	to	describe	the	problem	in	natural	“english”	language.
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General	Introduction

In	practice	it	looks	like	

In	CP	we	would	like	to	describe	the	problem	in	natural	“english”	language.



Scheduling

Vehicule Routing

Trafic Engineering

Rail Applications

Production Planning Agricultural land allocation

CP	Applications

and	much	more… 9



A	library	of	problems

A	live	demo	with	OscaR
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A	library	of	problems

hRp://csplib.org/

This library presents a list of 92 problems
in 14 categories proposed by 70 authors.

CSPLib:	A	problem	library	for	constraints
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Solution of CSP:
- An assignment of all variables 
- All constraints are satisfiable

COP (Constraint Optimisation Problem):  
CSP + objectif function(s)

CSP = (X,D,C)

ConstraintsVariablesXi Domains
D(Xi)

General	Introduction

Model	
+	

Resolution
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CSP = (X,D,C)

ConstraintsVariablesXi Domains
D(Xi)

General	Introduction

X1 2 {1, 2} X2 2 {1, 2}Example: X1 6= X2

A	solution	?
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Modeling	:	an	example

A farmer sends his son to the market with XOF100.000. With 
this XOF100.000, the son must buy a hundred animals. He has 
to come back to the farm with the 100 animals and he has to 
spend  the  full  XOF100.000.  A chick  costs  XOF500,  a  pig 
XOF5.000, and an ox XOF20.000. The son must buy at least 
one animal of each species.  
How many chicks, pigs, and oxen will the son have?

To do : propose a CP model for this problem.
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General	Introduction

Model	
+	

Resolution
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General	Introduction

Model	
+	

Resolution

CSP = (X,D,C)

ConstraintsVariablesXi Domains
D(Xi)
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General	Introduction

Model	
+	

Resolution

CSP = (X,D,C)

ConstraintsVariablesXi Domains
D(Xi)

X1 2 {1, 2} X2 2 {1, 2}Example	 X1 6= X2
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General	Introduction

Model	
+	

Resolution

CSP = (X,D,C)

ConstraintsVariablesXi Domains
D(Xi)

Filtering	+	Search
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General	Introduction

Model	
+	

Resolution

CSP = (X,D,C)

ConstraintsVariablesXi Domains
D(Xi)

Filtering	+	Search



Resolution	in	CP	:	an	intuition

General	Introduction

Fruit	seeking
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General	Introduction
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Solution = Fruit



General	Introduction
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X2 = 2

(1, 2)

X2 = 1

(2, 1)

X2 = 2X2 = 1

X1 = 1 X1 = 2

General	Introduction

Search

X1 2 {1, 2} X2 2 {1, 2}Example: X1 6= X2
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X2 = 1

(2, 1)

X2 = 2X2 = 1

X1 = 1 X1 = 2

General	Introduction

X1 2 {1, 2} X2 2 {1, 2}Example	:

X2 = 2

(1, 2)

Filtering

X1 6= X2
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CP	in	One	slide
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Filtering removes inconsistent values

X � Y + 2

X 2 {1, 2, 3, 4, 5} Y 2 {2, 3, 4, 5, 6}

General	Introduction

Example	2:



CP = Search Filtering+

General	Introduction

Too	small

Too	big
26



Outline

General Introduction

Take Away Message

Global Constraints

How CP works concretely ?
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- A constraint reasoning on many variables at the same time
Global constraint :

- Specialized, powerful filtering

Global	Constraints
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- A constraint reasoning on many variables at the same time
Global constraint :

- Specialized, powerful filtering

allDifferent(X1, X2, X3)Example	:

X1#X3

X2#X3
X1#X2

X1 2 {1, 2} X3 2 {1, 2}

X2 2 {1, 2, 3}

Global	Constraints



Global	Constraints:	Catalog

hRp://sofdem.github.io/gccat/	

A	catalog	of	more	than	400	global	constraints.	

This catalog presents a list of 423 global constraints
issued from the literature in constraint programming and from popular constraint systems. 
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General Introduction

Take Away Message

Global Constraints

How CP works concretely ?



CP	solver:	A	library	of	constraints	
Model	

+	
Resolution

CP	Modelling	=	Putting	together	the	different	constraints	of	the	problem.

How	CP	works	concretely?
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CP	Solvers	Catalog

This catalog presents a list of 35 CP based solvers (August 13, 2018).

Many	CP-solvers	exist	to	ease	the	implementation	of	model.
http://openjvm.jvmhost.net/CPSolvers/
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http://openjvm.jvmhost.net/CPSolvers/


How	CP	works	concretely?

A	live	demo	with	the	solver	OscaR.
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A vehicule routing model

How	CP	works	concretely?

Put	together	the	different	constraints.
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Impossible values

A constraint in action!

variables and 
domains

• Remove the values from the domains that you think are impossible in 
a solution (= filtering or pruning)

• Given the status of the domain, do you think that you still have a 
solution? 

The	job	of	a	constraint	!

36



Each constraint must remove impossible values.

C1(X1,

C3(X1,

C5(X1,X2,X3,XC6(X4,

C7(X1,X2,

C2(X2,X4, Constraint	Store

X1	∈	{1,3}

X2	∈	{1,,4,9,11}

X3	∈	{1,2,5,6}X4	∈	{9}
X5	∈	{3,4,5,8,10}

Domain	Store

How	CP	works	concretely?
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Yes but the pruning of one constraint might trigger 
new deductions for other constraints…



repeat 
 select a constraint c 
 if c is OK wrt the domain store 
  apply filtering algorithm of c 
 else  

  return KO 
until no value can be removed 

Fix-Point Algorithm

How	CP	works	concretely?
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Back to our gold seeker illustration

Fix-point A
lgo

sum( X[] ):
P

i X(i) = 0

allDifferent( X[] ):
8i < j : X(i) 6= X(j)

regular( X[] ):

39



Fix-Point Example

x1∈{0,1,2,4}	
x2∈{2,4}	

x3∈{1,2,3,4,5,6,7,8}	

x1+x2=x3
x2	<=	x1

allDifferent(x1,x2,x3)	
Constraint	Store

Domain	Store

How	CP	works	concretely?
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x1∈{0,1,2,4}	
x2∈{2,4}	

x3∈{1,2,3,4,5,6,7,8}	

x1+x2=x3
x2	<=	x1

allDifferent(x1,x2,x3)	
Constraint	Store

Domain	Store

How	CP	works	concretely?
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x1∈{0,1,2,4}	
x2∈{2,4}	

x3∈{2,3,4,5,6,7,8}	

x1+x2=x3
x2	<=	x1

allDifferent(x1,x2,x3)	
Constraint	Store

Domain	Store

ps:	We	assume	the	sum	constraint	only	reasons	on	bounds	of	the	domains

How	CP	works	concretely?
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x1∈{0,1,2,4}	
x2∈{2,4}	

x3∈{2,3,4,5,6,7,8}	

x1+x2=x3
x2	<=	x1

allDifferent(x1,x2,x3)	
Constraint	Store

Domain	Store

ps:	We	assume	the	sum	constraint	only	reasons	on	bounds	of	the	domains

How	CP	works	concretely?
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x1∈{0,1,2,4}	
x2∈{2,4}	

x3∈{2,3,4,5,6,7,8}	

x1+x2=x3
x2	<=	x1

allDifferent(x1,x2,x3)	
Constraint	Store

Domain	Store

ps:	We	assume	the	sum	constraint	only	reasons	on	bounds	of	the	domains

How	CP	works	concretely?
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x1∈{2,4}	
x2∈{2,4}	

x3∈{2,3,4,5,6,7,8}	

x1+x2=x3
x2	<=	x1

allDifferent(x1,x2,x3)	
Constraint	Store

Domain	Store

ps:	We	assume	the	sum	constraint	only	reasons	on	bounds	of	the	domains

How	CP	works	concretely?
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x1∈{2,4}	
x2∈{2,4}	

x3∈{2,3,4,5,6,7,8}	

x1+x2=x3
x2	<=	x1

allDifferent(x1,x2,x3)	
Constraint	Store

Domain	Store

ps:	We	assume	the	sum	constraint	only	reasons	on	bounds	of	the	domains

How	CP	works	concretely?
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x1∈{2,4}	
x2∈{2,4}	

x3∈{4,5,6,7,8}	

x1+x2=x3
x2	<=	x1

allDifferent(x1,x2,x3)	
Constraint	Store

Domain	Store

ps:	We	assume	the	sum	constraint	only	reasons	on	bounds	of	the	domains

How	CP	works	concretely?
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x1∈{2,4}	
x2∈{2,4}	

x3∈{4,5,6,7,8}	

x1+x2=x3
x2	<=	x1

allDifferent(x1,x2,x3)	
Constraint	Store

Domain	Store

ps:	We	assume	the	sum	constraint	only	reasons	on	bounds	of	the	domains

How	CP	works	concretely?
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x1∈{2,4}	
x2∈{2,4}	

x3∈{5,6,7,8}	

x1+x2=x3
x2	<=	x1

allDifferent(x1,x2,x3)	
Constraint	Store

Domain	Store

ps:	We	assume	the	sum	constraint	only	reasons	on	bounds	of	the	domains

How	CP	works	concretely?
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Fix-Point!	but	not	a	solution	yet	…	
We	need	to	search	…

x1∈{2,4}	
x2∈{2,4}	

x3∈{5,6,7,8}	

x1+x2=x3

x2	<=	x1

allDifferent(x1,x2,x3)	

Constraint	Store

Domain	Store

ps:	We	assume	the	sum	constraint	only	reasons	on	bounds	of	the	domains

How	CP	works	concretely?
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Optimization with CP
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// your constraints	
} search {	
   branching(decVars)
} onSolution {
  updateBound()
} start()

  // your constraints	
cp.minimize(objVar)
} search {
   branching(decVars)
} start()

Best	solution

How	CP	works	concretely?
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Outline
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General Introduction

Take Away Message

Global Constraints

How CP works concretely ?



Take	away	message

You	must	experiment	CP	!!
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Xi	=	V Xi	!=	V

Constraint	Store

Domain	store

Constraints

repeat 
 select a constraint c 
 if c is OK wrt the domain store 
  apply filtering algorithm of c 
 else  

  return KO 
until no value can be removed 

Fix-Point Algo

Take	away	message
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Thank	you	for	your	attention
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Pierre	Schaus,	Constraint	Programming:	A	tool	inspired	by	gold	seekers.		
Grascomp,	2015.	[Some	slides	are	from	this	reference]
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