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There are many different problems 
in the real world

↓
Even if solvable by appropriate
OR approaches, we lack enough

man power and time

↓
General purpose solvers
may save this situation



A well known general solver

Linear Programming (LP)
Simplex method
Interior method

Powerful commercial packages are available.
Wide range of practical problems have been solved.



Combinatorial problems
？

A first view of problem solving



Combinatorial optimization 
problems

• Much wider application areas than LP
• Many problems in real world are 

NP-hard.
• NP hardness barrier:

Under the hypothesis of            , NP hard   
problems cannot be solved in polynomial time.

P ≠ NP



However,
• NP hardness is based on worst-case theory.

Many problems may be solved in practical time. 
E.g. Integer Programming (IP)

• Computing approximate solutions is not NP hard.
Good approximate solutions are sufficient in practice.
Approximate solutions may be obtained efficiently.

Our recent view:  NP hard problems can 
be solved efficiently for practical purposes.



IP problem



Problem solving by IP

• Recent impressive progress of IP
Branch-and-bound, branch-and-cut,
cutting planes, integer polyhedra,
commercial packages

• Theory of NP hardness tells that all 
problems in NP can be formulated as IP.

MIP it!



Combinatorial optimization

Second view of problem solving



Still, however, 

• Formulation as IP allows using additional 
variables and constrains of polynomial sizes

Number of variables n may become n2 or n3, 
etc.

Similarly for the number of constraints.

• Usefulness of IP depends on problem types
• IP appears weak for problems with 

complicated combinatorial constraints and 
problems of scheduling type, for example.



A last view of problem solving 

• IP solver alone is not sufficient.  Different 
types of solvers are needed.



Standard Problems

• Should cover wide spectrum of problems 
Important problems in the real world.

• Should allow flexible formulations
Various objective functions, additional

constraints, soft constraints, . . .
• Should have structures that permit effective 

algorithms
High efficiency, large scale problems, . . .



List of Standard Problems

• Linear programming (LP)
• Integer programming (IP)
• Constraint satisfaction problem (CSP)
• Resource constrained project scheduling 

problem (RCPSP)
• Vehicle routing problem (VRP)
• 2-dimensional packing problem (2PP)
• Generalized assignment problem (GAP)
• Set covering problem (SCP)
• Maximum satisfiability problem (MAXSAT)



Algorithms for general purpose solvers 
(approximate algorithms)

• Should have high efficiency, generality, 
robustness, flexibility, . . .

Can such algorithms exist?

• Local search (LS)
• Metaheuristics

YES!



Local search
• Starts from an appropriate initial solution.
• Repeats the operation of replacing the current

solution by a better solution found in the 
neighborhood, as long as possible



Step 1:
 

Generate an initial solution (based on the compu-
tational history so far).

Step 2:
 

Apply (generalized) local search to find a good locally
optimal solution.

Step 3: Halt if convergence condition is met, after outputting
the best solution found so far.  Otherwise return to Step 1.

Step 1 --
 

random generation, mutation, cross-over operation, path 
relinking, …, from a pool of good solutions obtained so far.

Step 2 --
 

simple local search, random moves with controlled 
probability, best moves with a tabu list, search with modified 
objective functions (e.g., with penalty of infeasibility), ...

Framework of metaheuristics



Typical metaheuristic algorithms

• Genetic algorithm

• Simulated annealing

• Tabu search

• Iterated local search 

• Variable neighborhood search

．．．



• All of our solvers for standard problems 
have been constructed in the framework 
of metaheuristics, in particular tabu 
search.



Experience with Timetabling



ITC 2007  International timetabling competition sponsored 
by PATAT and WATT (second competition)

• Track 1:
 

Examination timetabling
• Track 2:

 
Post enrolment based course
timetabling

• Track 3:
 

Curriculum based course timetabling

It is required to obtain solutions that satisfy
all

 
hard constraints; competition is made to 

minimize the penalties of soft constraints.



Procedure of ITC2007

1.   Benchmark problems in three tracks are made public.
2.   Participants solve benchmarks on their machines, using 

the time limit specified by the code provided by the 
organizers, and submit their results.

3.   Organizers select five finalists in each track.
4.

 
Finalists send their executable codes to the 
organizers, who then test the codes on a set of 
hidden benchmarks.

5.   Organizers announce finalists orderings.
6.   Winners are invited to PATAT2008.



Track 1:  Examination timetabling 

• Input data: Set of examinations, set of rooms, set of periods, 
set of registered students for each exam, where exams and 
periods have individual lengths.

• Assignment of all exams to rooms and periods is asked.
• Rooms have capacities, and more than one exam can be 

assigned to a room.
• All students can take all registered exams.
• Desirable to avoid consecutive exams and to space α periods 

between two successive exams, for each student.
• Exams assigned to a room are better to have the same length.
• Problem sizes: 200-1000 exams, 5000-16000 students, 20-80 

periods, and 1-50 rooms.



Track 2:  Post enrolment based 
course timetabling

• Input data: Set of lectures, set of rooms, 45 periods (5 days x 
9 periods), set of registered students for each lecture.

• Rooms have capacities and features, and at most one lecture is 
assigned to a room which satisfies capacity and has required 
features. 

• Lectures not to be assigned to the same period are specified.
• All students can take all registered lectures.
• Desirable to avoid the last period of each day.
• Desirable to avoid three consecutive lectures for each student.
• Desirable to avoid one lecture a day for each student.
• Problem sizes: 200-400 lectures, 300-1000 students, 10-20 

rooms.



Track 3:  Curriculum based course 
timetabling

• Input data: Set of curriculums, set of rooms, set of periods and
the number of students in each curriculum.   Each curriculum

 contains a set of courses, and each course contains a set of 
lectures.

• Rooms have capacities, and at most one lecture is assigned to a 
room.

• Desirable to distribute lectures of one course evenly in a week.
• Desirable to congregate the lectures in a curriculum each day.
• Problem sizes: 150-450 lectures, 25-45 periods, 5-20 rooms.



Formulation as CSP

• CSP uses variables Xi with domain Di , and 
value variables xij (taking 1 if Xi =j Di and 0 
otherwise).

• CSP allows any constraints, particularly linear 
and quadratic inequalities and equalities using 
value variables,

 
and

 
all_different constraints of 

variables.
• Our CSP solver is based on tabu search.

∈



Notations

• Indexes: i for lectures, j for periods, l for students 
and k for rooms.

• Xi has domain Pi (set of possible periods of i), 
Yi has domain Ri (set of possible rooms of i).
xij = 1(0) if i is (not) assigned to period j,
yik = 1(0) if i is (not) assigned to room k.



Hard constraints
• Capacity constraints of rooms: 

• If a student l takes lectures i1
 

, i2
 

, …, ia :
All_different (Xi1

 

, Xi2
 

, …, Xia )

• Variable Xi enforces that i is assigned to exactly 
one period.

• Similarly for other hard constraints.
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Soft constraints

• A student l does not take exams in two 
consecutive periods:

• The number of lectures for student l is either 0 
or more than 1:

• Similarly for other constraints.
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Formulation as IP

• All hard and soft constraints can be written as 
linear inequalities or equalities, if additional 
variables and constraints are introduced.

• The number of such additions are enormous 
since they correspond to nonlinear terms in CSP 
formulations.

• IP is not appropriate for these timetabling 
problems of large sizes, because of their 
complicated constraints.



ITC2007
Results



Conclusion and discussion

• Our experience with ITC2007 tells that the 
general purpose solvers can handle wide types 
of problems in the practical sense.

• Other applications: Industrial applications,
Academic applications

• Commercial package NUOPT
 

(Mathematical 
Systems, Inc.)
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Thank you for your attention



Theory of NP hardness
• Class NP contains almost all combinatorial 

problems of practical interest.
• NP-hard problems are most difficult ones in NP.
• Most of problems we encounter are NP hard.
• If one of NP-hard problems can be solved in 

polynomial time, then all problems in NP are 
solvable in polynomial time, which is most 
unlikely.

P ≠ NP conjecture



Ingredients of local search (LS)

• Solution space and search space
• Neighborhood

High possibility of containing improved
solutions

• Reduction of neighborhood size
Removing unnecessary solutions in

advance

• Search method in the neighborhood
Random, fixed？
Best improvement, first improvement？
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