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Motivation

• Constraint	Programming	(CP)	
• Starts	in	early	80’s	
• Originally	from	Artificial	Intelligence	
• Successfully	applied	to	combinatorial	problems	around	2000.	

• Few	works	around	routing	problems	
• Most	of	(nice)	papers	FROM	the	constraint	community	TO	the	constraint	community	

• The	GAP	from	ILP	to	CP	is	not	too	big	
• Model	&	Solve	(declarative	but	better	if	you	manage	the	search	strategy)	
• Very	(very)	efficient	free/commercial	solvers	
• Easy	hybridization
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VRP: linear formulation
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VRP: linear formulation
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VRP: CP formulation
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VRP: CP formulation
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VRP: CP formulation – mathematical formulation
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VRP: CP formulation 
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VRP: CP formulation 

Element(X,T,I)	ç➔ T[I]=X
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Keypoints

1. Symmetry	breaks	
2. Link	variables	to	avoid	iterative	explicit	enumeration	of	several	trees	
3. Promote	global	constraints	including	cumulative()	and	diffN()	strongly	

powerful	for	scheduling	and	routing	
4. Avoid	«	bad	»	constraint	including	sum()	/	scalar()	with	poor	propagation	
5. Redundant	constraint	can	favor	propagation	

• Graph	:	include	both	successor	and	predecessor	(see	Channeling)	

6. Search	strategies	
• Promote	Variable	selector	considering	first	maxRegret(),	which	chooses	the	variable	
with	the	largest	difference	between	the	two	smallest	values	in	its	domain	

• Assignment	strategy	à consider	first	DomOverWDeg()
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Modelling improvements
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1/6 Model with symmetries breaks
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2/6 Link variables
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Branch on decision variables ➔ y
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Branch on decision variables ➔ y
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3/6 - Add global constraints
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Add global constraints
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Add global constraints
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4/6 Channeling constraints
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Channeling constraints

�17VEROLOG	2019	(Sevilla)



Efficient	Constraint	Modelling	

5/6 - Check constraint during propagation
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Check constraint during propagation
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6/6 - Branch on neighborhoods
	mon_solveur.setSearch(		
			 			new	DomOverWDeg(dps,	
																																													0,				
																																													new	IntDomainMin()		
																																											)	
)	;	

mon_solveur.setSearch(		
	 Search.intVarSearch(		
	 	 new	MaxRegret(),						
	 	 new	IntDomainMin(),		
	 	 dps)																		
);
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Modelling improvements: all advices together
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Start from one initial solution
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Concluding remarks

• CP	modelling	look	like	very	simple,	but	can	be	dangerous 
due	to	proximity	to	ILP	modelling	with	a	totally	different	
behaviour	of	dedicated	(powerful)	solvers	

• CP	Good	practice		
1. Symmetry	breaks	
2. Only	branch	on	decision	variables	
3. Promote	global	constraints	
4. Avoid	«	bad	»	constraint	with	poor	propagation	
5. Experiment	Redundant	constraints	
6. Adapt	Search	to	your	problem	specific	strategies
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