
Constraint solver generator

Constraint problems {n-maggies
Placen maggies on an by n chessboard such that no maggie can take the dummy of another maggie

(maggies move like queens on chessboards)
n-maggies is an example of aproblem class{ a set of similar problems with parameters. Replacingn with a speci�c number creates aproblem instance. We will look at the 4-maggies problem. Before the problem can be solved
by a constraint solver, it has to be modelled as aconstraint problem. A constraint problem consists ofvariablesrepresenting choices,domainsfor those variables representing the options for that choice andconstraintsover the
variables, restricting theassignmentsof values to variables which can be part of asolution.

We can model the 4-maggies problem with 4 variables, one for each maggie, each with a domain of integers ranging from 1 to 4 {the row maggie will be placed in on the board. The constraintsrequire the rows for all maggies to
be di�erent and no two maggies to be placed on the same diagonal.
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The constraint solver tries to �nd a solution to the model of the problem by exploring the space of possible solutions. In this process it builds up asearch tree. A nodein the tree represents anassignmentto a variable, the depth
of the tree the number of variables and the width the number ofelements in the domains of the variables.

The solver proceeds bysearchand propagation. Search is theexplorationof a node in the search tree; the assignment of a value to a variable. Propagation is theinference of knowledgebased on the constraints to rule out
possible assignments which cannot be part of a solution. In the example, the solver does not visit the nodes in the search tree which cannot be part of a solution because a constraint was violated in a node higher up. The solver
backtracks, i.e. goes back to change the assigned value of a previous variable.
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� many constraints in the solver

� �xed design decisions

� general versions of propagation algorithms, queue implementation, search, memory man-
agement. . .

� limited amount of tailoring for a problem through directives in input �le possible

� automatic specialisation for speci�c problems very di�cult

� our solver: Minion (developed at St Andrews)

{ fast and e�cient for a wide range of problems
{ �xed implementations of memory management, propagation algorithms. . .
{ tuning only possible by adapting the input �le, e.g. introduction of auxiliary constraints,

modi�cation of variable and value orders

Solver generator
Address the shortcomings of a generalised solver by generating specialised ones for problem classes or instances

Steps
1. analyse model of problem or problem class as speci�ed in the input

�le

2. based on the analysis, select the most suitable propagation and
search algorithms, queue implementation. . .

3. generate a specialised solver according to the analysis and selection
of algorithms

4. tune the parameters of the solver

Advantages
� only the required components will be part of the generated solver

to reduce build times and the size of the �nal solver binary

� heuristics can be employed

� a solver generated and tuned for a speci�c model should perform
better than a general solver

� input of problems by direct speci�cation of problem class parame-
ters instead of input �le possible

� takes the burden of tuning a general solver manually from thecon-
straint programmer

� specialised solver can recon�gure itself dynamically, e.g. switch the
way the memory is managed depending on how deep the search
tree becomes

�! improvements in performance and e�ciency

�! easier speci�cation of problems

�! easier modelling of problems
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Disadvantages
� specialised solver will only be able to solve the problem model(s)

it was generated for

� employed algorithms and data structures will only be best for the
problem model the solver was generated for

Implementation issues
� generator can operate on several levels, e.g. select which source �les

to include, select which code blocks in the source �les to include or
replace templated code with the actual implementation

� generator could use a knowledge database for problem-speci�c
things which cannot be derived from the problem speci�cation, e.g.
the empirically fastest propagation algorithm or additional checks
to be performed on the input parameters to see whether a problem
can have a solution at all

� depending on the way the solver is generated, it might be necessary
to perform additional checks to verify that the generated solver
ful�lls the requirements

Specialise Minion
� not bound by any of the design decisions Minion made, but gen-

erating a solver becomes increasingly harder the more it deviates
from standard Minion

� need to extend Minion with specialised algorithms and data struc-
tures which can be selected by the generator

Implemented so far: selective compilation of constraints
� the constraints to be supported by the solver can be speci�edas a list or an input �le can be analysed

� reduces build times

� makes the solver smaller than a general solver

� no other optimisations so far, therefore no performance improvements

� implemented entirely in the build system

� no actual generation of code takes place, but provides a foundation for future modi�cations { an
infrastructure to generate specialised solvers
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Coming up next: specialised variables
� variables provide a range of services, e.g. upper and lower bound of bound variables, whether a speci�c

value is in the domain of a variable. . .

� providing some of these services requires the variable to maintain internal state and recompute values
based on assignments, removal of values. . .

� some of the services are not required by some constraints { ifnothing is using the services, maintaning
the internal state to support them is a waste of e�ort

� take this into account when generating a solver and generateimplementations of variables which only
provide the services needed for the speci�c problem instance or class

� variables will only maintain state and recompute values if they are needed by the rest of the solver

� implementation will require changes to standard Minion beyond just selecting which functions to
include in the code for the variables

� constraints and other parts will be a�ected

�! should provide a speedup and a smaller memory footprint as less information needs to be stored and
maintained
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