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ENHANCING PERFORMANCE OF A CONSTRAINT
SOLVER ACROSS INDIVIDUAL PROCESSES

Inventor: Guillermo R. Maturana

BACKGROUND

Field of the Invention

[0001] The present invention generally relates to techniques for solving constraint
problems for a problem domain. More specifically, the present invention relates to a system
for reusing information associated with a constraint solving operation across one or more

problem domains.

Related Art

[0002] Advances in semiconductor fabrication technology have given rise to dramatic
increases in the number of transistors per semiconductor device. This increase in transistor
count is empowering computer architects to create digital circuit designs with an ever-
increasing design complexity. Consequently, as digital circuit designs become more
complex, the task of verifying the correctness of the resulting implementations becomes more
complicated.

[0003] In response, circuit design teams are relying on automation techniques to
handle the ever-increasing design complexities. In doing so, these design teams perform
constraint solving operations for a number of applications associated with implementing and
verifying the functionality of a circuit design. In one application, these design teams perform
constraint solving operations to generate constrained random input stimuli to drive a given
circuit simulation toward important corner cases. In another application, these design teams
perform constraint solving operations during circuit synthesis. However, these applications
can be overburdened by a multitude of recurring complex constraint satisfaction problems.
Furthermore, a number of independent problem domains (i.e., application instances) must
oftentimes solve similar complex constraint satisfaction problems, where one independent

problem domain can stand to benefit from the experience of another problem domain.
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SUMMARY

[0004] One embodiment of the present invention provides a system that reuses
information associated with a constraint solving operation for a problem domain. This system
begins by receiving a constraint problem from the problem domain. Then, the system
searches through a problem cache for an entry which corresponds to the canonical
representation. If a corresponding entry does not exist in the problem cache, the system
produces an entry in the problem cache for the canonical representation. Otherwise, if a
corresponding entry already exists in the problem cache, the system generates a solution to
the canonical representation by reusing the solver heuristic associated with the corresponding
entry in the problem cache.

[0005] In some embodiments, the system produces an entry in the problem cache. In
doing so, the system first stores the canonical representation of the constraint problem in the
problem cache. Next, the system selects a solver heuristic from a number of available
heuristics, and generates a solution to the canonical representation by using the selected
solver heuristic. Whenever the selected heuristic fails to generate a solution within a
predetermined period of time, the system selects a new solver heuristic and uses the new
solver heuristic to generate a solution to the canonical representation. After selecting a solver
heuristic, the system associates the selected solver heuristic with the canonical representation
entry in the problem cache.

[0006] In some embodiments, the system monitors a computation time when
generating a solution to a canonical representation, and stores the computation time in the
corresponding canonical representation entry in the problem cache.

[0007] In some embodiments, the system refines the selection of solver heuristics
using a background process.

[0008] In some embodiments, the system is capable of executing a number of
simultaneous threads, where a respective thread is associated with an independent constraint
problem.

[0009] In some embodiments, the system converts a constraint problem into a

canonical representation.
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[0010] In some embodiments, when the system converts a constraint problem into a
canonical representation, the system partitions the constraint problem into a number of
disjoint constraint problems.

[0011] In some embodiments, the system provides a persistent solution for a specified
canonical representation by recording and preserving in the problem cache the solver
heuristic used to first solve the canonical representation, thereby allowing the same heuristic
to be used when solving the specified canonical representation at a later time.

[0012] In some embodiments, the system provides random stability for a specified
canonical representation by recording and preserving in the problem cache the random seed
used to first solve the canonical representation, thereby allowing the system to produce a
constant solution that is independent of the order in which the individual canonical
representations are solved.

[0013] In some embodiments, the system records a sequence of constraint problem
solutions for a problem domain, and replays the solution sequence for a subsequent problem
domain.

[0014] In some embodiments, the system reuses the problem cache information

across a plurality of independent problem domains associated with one or more applications.

BRIEF DESCRIPTION OF THE FIGURES

[0015] FIG. 1 illustrates a constraint solver system in accordance with an
embodiment of the present invention.

[0016] FIG. 2 illustrates the flow of data across a constraint solver system in
accordance with an embodiment of the present invention.

[0017] FIG. 3 illustrates a problem cache in accordance with an embodiment of the
present invention.

[0018] FIG. 4A illustrates a transformation mechanism in accordance with an
embodiment of the present invention.

[0019] FIG. 4B illustrates a disjoining mechanism in accordance with an embodiment
of the present invention.

[0020] FIG. 4C illustrates a reducing mechanism in accordance with an embodiment

of the present invention.
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[0021] FIG. 5 presents a flowchart illustrating a process for reusing information
associated with a constraint solving operation in accordance with an embodiment of the
present invention.

[0022] FIG. 6 presents a flowchart illustrating a process for generating a solution to a
canonical constraint representation in accordance with an embodiment of the present
invention.

[0023] FIG. 7 illustrates a computer system that implements a solver server in

accordance with an embodiment of the present invention.

DETAILED DESCRIPTION

[0024] The following description is presented to enable any person skilled in the art
to make and use the invention, and is provided in the context of a particular application and
its requirements. Various modifications to the disclosed embodiments will be readily
apparent to those skilled in the art, and the general principles defined herein may be applied
to other embodiments and applications without departing from the spirit and scope of the
present invention. Thus, the present invention is not limited to the embodiments shown, but
is to be accorded the widest scope consistent with the principles and features disclosed
herein.

[0025] The data structures and code described in this detailed description are
typically stored on a computer-readable storage medium, which may be any device or
medium that can store code and/or data for use by a computer system. The computer-
readable storage medium includes, but is not limited to, volatile memory, non-volatile
memory, magnetic and optical storage devices such as disk drives, magnetic tape, CDs
(compact discs), DVDs (digital versatile discs or digital video discs), or other media capable
of storing computer-readable media now known or later developed.

[0026] The methods and processes described in the detailed description section can
be embodied as code and/or data, which can be stored in a computer-readable storage
medium as described above. When a computer system reads and executes the code and/or
data stored on the computer-readable storage medium, the computer system performs the
methods and processes embodied as data structures and code and stored within the computer-

readable storage medium.
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[0027] Furthermore, the methods and processes described below can be included in
hardware modules. For example, the hardware modules can include, but are not limited to,
application-specific integrated circuit (ASIC) chips, field-programmable gate arrays
(FPGAs), and other programmable-logic devices now known or later developed. When the
hardware modules are activated, the hardware modules perform the methods and processes

included within the hardware modules.

Overview

[0028] Circuit design teams are relying on automation techniques to handle the ever-
increasing complexity of circuit designs. In doing so, these design teams perform constraint
solving operations for a number of applications associated with implementing and verifying
the functionality of a circuit design. In one application, these design teams perform
constraint solving operations to generate constrained random input stimuli to drive a given
circuit simulation toward important corner cases. In another application, these design teams
perform constraint solving operations during circuit synthesis.

[0029] However, these applications can be overburdened by a multitude of recurring
complex constraint satisfaction problems. Furthermore, a number of independent problem
domains (i.c., application instances) must oftentimes solve similar complex constraint
satisfaction problems, where one independent problem domain can stand to benefit from the
experience of another problem domain. For the remainder of this disclosure, a problem
domain refers to an application instance that requires a number of constraint solving
operations. For example, a respective circuit simulation from a collection of circuit
simulations is a source for a respective problem domain. Embodiments of the present
invention provide a system that reuses information associated with a constraint solving
operation from a problem domain to improve the performance when revisiting a given
constraint problem, and to promote the stability in their solutions.

[0030] In some embodiments of the present invention, the system enables constraint
solving information to be reused within a given problem domain, while in other
embodiments, the system enables this information to be reused across a number of
independent or related problem domains over time. Furthermore, in embodiments of the
present invention, the system allows for previous solutions to constraint problems to be

replayed in sequence to facilitate regression testing. In some embodiments, the system



10

15

20

25

30

WO 2010/011513 6 PCT/US2009/050355

facilitates the persistence of solutions over time for a given constraint solving operation. In
further embodiments, the system facilitates random stability when revisiting a given

constraint solving operation at a later time.

Constraint Solver System

[0031] FIG. 1 illustrates a constraint solver system 100 in accordance with an
embodiment of the present invention. Constraint solver system 100 includes a network 102, a
solver server 104, a problem cache 106, and a number of solver clients 108-112. Network
102 can include any type of wired or wireless communication channel. In one embodiment
of the present invention, network 102 includes the Internet.

[0032] Solver clients 108-112 can include any node with computational capability
and a communication mechanism for communicating with solver server 104 through network
102. Solver clients 108-112 perform operations associated with one or more constraint
solving applications. In one embodiment of the present invention, solver clients 108-112
perform circuit simulations on one or more circuit designs under verification (DUVs) using
either pre-generated input stimuli or using a constrained random stimulus generated by solver
server 104. During simulation, a circuit simulator can generate a constraint that defines a
complex constraint satisfaction problem, and can send the constraint to solver server 104 to
request an input stimulus which satisfies the constraint values.

[0033] Solver server 104 can include any node with computational capability and a
communication mechanism for communicating with solver clients 108-112 through network
102, and with problem cache 106 either directly or through network 102. Solver server 104
receives a constraint from any of solver clients 108-112, and returns an input stimulus which
can satisfy the constraint values. In doing so, solver server 104 generates input stimuli for a
constraint by employing one of many available solver heuristics which can solve a given
constraint satisfaction problem. Solver server 104 then stores and reuses information
pertaining to a constraint solving operation in problem cache 106 to help speed the constraint
solving operation of recurring constraints.

[0034] Problem cache 106 can include any type of system for storing data in non-
volatile storage. This includes, but is not limited to, systems based upon magnetic, optical, or
magneto-optical storage devices, as well as storage devices based on flash memory and/or

battery-backed up memory. Note that problem cache 106 can be coupled to solver server
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104, or to network 102. Problem cache 106 can include information pertaining to a number
of constraint solving operations, and/or can store a number of pre-generated input sequences
for one or more solver clients 108-112.

[0035] Note that different embodiments of the present invention may use different
configurations, and are not limited to the configuration illustrated in constraint solver system
100. In some embodiments of the present invention, solver clients 108-112 perform
concurrent operations, while in other embodiments, solver clients 108-112 take place at
different times. In some variations of these embodiments, solver clients 108-112 exist on the
same computing node, while in other variations solver clients 108-112 exist on distributed
computing nodes. In some embodiments of the present invention, solver server 104 executes
on the same computing node as a given solver client. In other embodiments, solver serer 104
is implemented as a distributed system executing on one or more computing nodes. In yet
other embodiments of the present invention, solver server 104 is implemented as a distributed
system executing on the same computing nodes that perform solver clients 108-112.

[0036] FIG. 2 illustrates the flow of data across a constraint solver system 200 in
accordance with an embodiment of the present invention. Initially, a solver client 202 sends
a constraint 204 to a solver server 206. Solver server 206 uses a receiving mechanism 207 to
receive constraint 204 from solver client 202, and uses a transformation mechanism 208 to
convert constraint 204 into a canonical representation 210. Next, solver server 206 searches
through a problem cache 212 for an entry corresponding to canonical representation 210. A
canonical representation of a constraint is a standard representation for the constraint and any
other constraints that are similar in structure, such that converting a collection of similar
constraints into their canonical representations produces one consistent form. Converting a
constraint into its canonical representation allows a solution to a constraint problem in a
problem cache to be accessed and reused by any other similar constraints. In some
embodiments of the present invention, a canonical representation exists as a binary decision
diagram (BDD).

[0037] In some embodiments of the present invention, constraint 204 received by
receiving mechanism 207 is a canonical representation for a constraint problem from solver
client 202.

[0038] If a corresponding entry does not exist in problem cache 212, solver server

206 produces an entry by storing canonical representation 210 in problem cache 212. Solver
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server 206 also forwards canonical representation 210 to a solver 216 to perform a constraint
solving operation on canonical representation 210, and generate a solution 218. In doing so,
solver 216 selects a solver heuristic from a number of available heuristics, and generates a
solution to canonical representation 210 by using the selected solver heuristic. Whenever the
selected heuristic fails to generate a solution within a predetermined period of time, solver
216 selects a new solver heuristic and uses the new solver heuristic to generate a solution to
canonical representation 210.

[0039] After generating a solution to canonical representation 210, solver 216
forwards metadata 214 to problem cache 212, where metadata 214 includes the solver
heuristic used and other information associated with the constraint solving operation.
Problem cache 212 then associates metadata 214 with the new entry in problem cache 212.
As a result, when encountering a constraint problem that is similar to a constraint problem
that has been previously explored, solver 216 will solve the constraint problem by using the
solver heuristic that was found to be successful.

[0040] Otherwise, if a corresponding entry exists in problem cache 212, solver 216
generates a solution 218 to the canonical representation by reusing information associated
with the previous constraint solving operation. In doing so, solver 216 first retrieves
metadata 214 from the corresponding entry in problem cache 212, including the solver
heuristic that was previously used to solve the canonical representation of the constraint
problem. Then, solver 216 uses the metadata 214 to generate a solution 218 by recreating the
conditions that have previously allowed solver 216 to solve canonical representation 210.

[0041] After solver 216 generates solution 218 for canonical representation 210,
solver server 206 forwards solution 218 to solver client 202. In a variation of this
embodiment, solver server 206 retrieves a pre-computed solution 218 from problem cache
212 and forwards solution 218 to solver client 202.

[0042] In embodiments of the present invention, before forwarding solution 218 to
solver client 202, solver server 206 converts a solution 218 generated for a canonical
representation 210 into a form that is consistent with the original constraint 204. In
variations of this embodiment, solver server 206 replaces any generic variable names of a
solution 218 generated for a canonical representation 210 with the original variable names of

the original constraint 204.
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[0043] In some embodiments of the present invention, solver server 206 uses a
background process to refine the selection of solver heuristics for canonical representation
entries in problem cache 212 that are difficult to solve. In one variation of these
embodiments, solver server 206 selects a canonical representation entry whose solution has
previously required more than a predetermined computation time, and attempts to generate a
faster solution using a different solver heuristic.

[0044] In some embodiments of the present invention, solver server 206 attempts to
optimize the solver heuristic used for a given canonical representation entry by first applying
a solver heuristic to solve a subset of the constraint variables from the canonical
representation, and subsequently applying the solver heuristic to the remainder of the

canonical representation.

Problem Cache

[0045] FIG. 3 illustrates a problem cache 300 in accordance with an embodiment of
the present invention. Problem cache 300 stores a canonical representation 302 and metadata
associated with a constraint solving operation for canonical representation 302. This
metadata includes a solver heuristic 304, a computation time 306, a persistence flag 308, a
random stability flag 310, and a random seed 312. Solver heuristic 304 is a reference to a
solver heuristic that allowed the solver server to generate a solution for canonical
representation 302 within a predetermined period of time. Solver server 206 monitors the
computation time when generating a solution to canonical representation 210, and stores this
time under the computation time 306 entry associated with the canonical representation 302
entry of problem cache 300.

[0046] Many uses for solver clients stand to benefit from persistent solutions over
time. For example, when a user wishes to reproduce a specific simulation outcome for a
DUV, solver server 206 can continue to produce consistent results for the same problems
over time. It was previously mentioned that in embodiments of the present invention, the
solver server revisits canonical representation entries of the problem cache to refine the
selection of solver heuristics that are applied to them. It is important that the solver server
does not revisit canonical representation entries whose values are to remain persistent over
time. When the persistence flag 308 is set for a canonical representation 302 in problem

cache 300, the solver server is not allowed to change the solver heuristic 304 entry for the
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corresponding canonical representation 302. When the persistence flag 308 is not set, the
solver server is allowed to revisit canonical representation 302 in problem cache 300 to
search for an optimal solver heuristic that can solve the canonical representation in a shorter
computation time.

[0047] To further enhance the persistence of solutions over time, some uses for circuit
simulations may require random stability when revisiting a canonical representation 302.
Random stability refers to the requirement that an operation relying on random numbers must
produce consistent results over time for a fixed set of inputs. A random stability violation
can occur when the solver server operates on multiple constraints simultaneously for a
number of problem domains. In this situation, the constraint solving operation for one
problem domain can affect the random seed value used by a subsequent constraint solving
operation of another problem domain.

[0048] In one embodiment of the present invention, the solver server is capable of
handling constraints for a number of solver clients in any order without having one constraint
solving operation interfere with the random stability of a subsequent constraint solving
operation. The solver server enforces random stability for constraint solving operations on
certain canonical representations by allowing a respective canonical representation 302 to set
a random stability flag 310 when the solutions to canonical representation 302 must maintain
random stability over time. If the random stability flag 310 is set for a given canonical
representation entry in problem cache 300, the solver server will store the random seed used
to solve the canonical representation 302 into the random seed 312 entry. If the solver server
receives a request to solve a constraint whose canonical representation 302 has a
corresponding entry in problem cache 300 with the random stability flag 310 being set, then
the solver server will retrieve the random seed 312 from the corresponding entry and will use

this random seed value as the initial seed of the constraint solving operation.

Replay Mechanism

[0049] It is common for circuit designers to require replicating a previous sequence of
solutions for a given application of a constraint solver. For example, this can happen as part
of a complete regression test on a circuit design, or it can be an isolated simulation run that

was previously determined to activate a known design error. Therefore, a user may want to



10

15

20

25

30

WO 2010/011513 11 PCT/US2009/050355

save a previous constrained random input stimuli sequence, and the seed that generated the
sequence, to recreate the previous circuit simulation run.

[0050] In embodiments of the present invention, problem cache 300 stores a number
of replay sequences 314, where a respective replay sequence 314 is accompanied by a
solution ID 316 and an external state 318. In these embodiments, the solver server stores the
solutions it generates for the constraints it receives from a respective solver client. In doing
s0, the solver server stores these solutions in sequential order in a replay sequence 314 entry
of problem cache 300. Solution ID 316 is an identifier which corresponds to a replay
sequence 314 entry, which the solver server uses to match a replay sequence to a given solver
client. External state 318 includes information associated with a number of non-random
variables that could change in value, and which influence a given constraint problem.

[0051] In some embodiments of the present invention, a solver client may request the
solver server to provide a replay sequence 314 to reproduce a previous constraint solving
application. In other embodiments, a solver client may request a replay sequence 314 that
was generated earlier in the same constraint solving application. For example, a circuit
simulation may request the solver server to provide a replay sequence 314 during regression
simulations for a given DUV, or may even request a replay sequence 314 that was generated

earlier in the same circuit simulation.

Transformation Mechanism

[0052] FIG. 4A illustrates a transformation mechanism 400 in accordance with an
embodiment of the present invention. Transformation mechanism 400 transforms a
constraint 402 into one or more disjoint canonical representations 410. Note that
transformation mechanism 400 includes a disjoining mechanism 404 for partitioning
constraint 402 into one or more disjoint constraints 406. Furthermore, transformation
mechanism 400 also includes reducing mechanism 408, which transforms a disjoint
constraint 406 into a canonical representation 410.

[0053] FIG. 4B illustrates a disjoining mechanism 404 in accordance with an
embodiment of the present invention. Disjoining mechanism 404 receives a constraint 402,
and produces one or more disjoint constraints 406. A constraint is a disjoint constraint if it is
disconnected from and unrelated to other constraints, and it represents a single contiguous

problem space. Note that to be able to partition a constraint 402 into multiple disjoint
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constraints 406, constraint 402 needs to be a description of multiple disjoint problem spaces
(e.g., a disjunction of constraints, as depicted in constraint 402 of FIG. 4B).

[0054] FIG. 4C illustrates a reducing mechanism 408 in accordance with an
embodiment of the present invention. During operation, reducing mechanism 408 receives a
disjoint constraint 406, and produces a corresponding canonical representation 410.
Reducing mechanism 408 produces a corresponding canonical representation by performing
a consistent sequence of operations on a disjoint constraint, which transforms constraints that
are similar in form into a single canonical representation. To produce a canonical
representation 410, reducing mechanism 408 first converts the disjoint constraint 406 into an
intermediate representation by converting the order of operations of disjoint constraint 406
into a canonical form. Next, reducing mechanism 408 traverses the intermediate
representation in a predetermined order (e.g., from left to right), and produces canonical
representation 410 by replacing the sequence of variable names of the intermediate
representation with an incrementing sequence of variable names (e.g., V1, V2 ... Vn).

[0055] FIG. 5 presents a flowchart illustrating a process for reusing information
associated with a constraint solving operation in accordance with an embodiment of the
present invention. The system begins by receiving a constraint from a solver client
(operation 502). Next, the system partitions the constraint into one or more disjoint
constraints (operation 504), and reduces the disjoint constraints into canonical representations
(operation 506). In some embodiments of the present invention, the system only uses one
resulting canonical representation to solve the constraint. In other embodiments of the
present invention, the system solves multiple canonical representations and stores the
metadata and/or their solutions in a problem cache for later use.

[0056] To solve a canonical representation, the system searches through a problem
cache for an entry which corresponds to the canonical representation (operation 508), and
determines if a corresponding entry exists (operation 510). If so, the system selects the
solver heuristic from the corresponding entry in the problem cache (operation 512). Then,
the system generates a solution to the canonical representation by using the selected solver
heuristic (operation 514), and returns the solution to the solver client (operation 522).

[0057] If a corresponding entry does not exist in the problem cache, the system stores
the canonical representation within a new entry in the problem cache (operation 516). Then,

the system generates a solution to the canonical representation by using a solver heuristic
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(operation 518), and associates the solver heuristic to the new entry in the problem cache
(operation 520). Finally, the system returns the solution to the solver client (operation 522).

[0058] FIG. 6 presents a flowchart illustrating a process for generating a solution to a
canonical constraint representation, which expands upon operation 518 of FIG. 5, in
accordance with an embodiment of the present invention. The system begins by selecting a
solver heuristic from a collection of available solver heuristics (operation 602). Then, the
system uses the selected solver heuristic for a predetermined period of time to generate a
solution to a given canonical representation (operation 604). Next, the system determines if a
solution was found (operation 606). If so, the system returns the solution and the solver
heuristic that was used to generate the solution (operation 608).

[0059] If a solution was not found, the system determines if any unused solver
heuristics exist (operation 610). If so, the system returns to operation 602 to select another
solver heuristic. If no unused solver heuristics exist, the system initiates an error handler
(operation 612). In one variation of this embodiment, the error handler reports an error. In
another variation, the error handler flags the canonical representation as unsolveable so that
later attempts to solve a similar constraint problem can be disregarded.

[0060] FIG. 7 illustrates a computer system that implements a solver server in
accordance with an embodiment of the present invention. A computer system 702 includes a
processor 704, a memory 706, and a storage device 708. Computer system 702 is also
coupled to a display device 710. Storage device 708 stores an operating system 712, and a
solver server 714. Solver server 714 comprises a receiving mechanism 716, a transformation
mechanism 718, and a solver 720. During operation, solver server 714 is loaded from storage
device 708 into memory 706 and executed by processor 704.

[0061] The foregoing descriptions of embodiments of the present invention have been
presented only for purposes of illustration and description. They are not intended to be
exhaustive or to limit the present invention to the forms disclosed. Accordingly, many
modifications and variations will be apparent to practitioners skilled in the art. Additionally,
the above disclosure is not intended to limit the present invention. The scope of the present

invention is defined by the appended claims.
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What Is Claimed Is:

1. A method for reusing information associated with a constraint solving
operation for a problem domain, the method comprising:

receiving a canonical representation for a constraint problem from the problem
domain;

searching through a problem cache for an entry which corresponds to the canonical
representation; and

if a corresponding entry does not exist in the problem cache, producing an entry in the
problem cache for the canonical representation;

otherwise if a corresponding entry exists in the problem cache, generating a solution
to the canonical representation by reusing a solver heuristic associated with the

corresponding entry in the problem cache.

2. The method of claim 1, wherein producing an entry in the problem cache for
the canonical representation comprises:

storing the canonical representation of the constraint problem in the problem cache;

selecting a solver heuristic from a number of available heuristics;

generating a solution to the canonical representation by using the selected solver
heuristic, wherein whenever the selected heuristic fails to generate a solution within a
predetermined period of time, the system selects a new solver heuristic and uses the new
heuristic to generate a solution to the canonical representation; and

associating the selected solver heuristic with the canonical representation entry in the

problem cache.

3. The method of claim 1, wherein the method further comprises monitoring a
computation time when generating a solution to a canonical representation, and storing the

computation time in the corresponding canonical representation entry in the problem cache.

4. The method of claim 3, wherein the method further comprises refining the

selection of solver heuristics using a background process.



10

15

20

25

WO 2010/011513 15 PCT/US2009/050355

5. The method of claim 1, wherein a solver server which performs the method is
capable of executing a number of simultaneous threads, where a respective thread is

associated with an independent constraint problem.

6. The method of claim 1, wherein the method further comprises converting a

constraint problem into a canonical representation.

7. The method of claim 1, wherein the method further comprises providing a
persistent solution for a specified canonical representation by recording and preserving in the
problem cache the solver heuristic used to first solve the canonical representation, thereby
allowing the same heuristic to be used when solving the specified canonical representation at

a later time.

8. The method of claim 7, wherein the method further comprises providing
random stability for a specified canonical representation by recording and preserving in the
problem cache the random seed used to first solve the canonical representation, thereby
allowing the system to produce a constant solution that is independent of the order in which

the individual canonical representations are solved.

9. The method of claim 1, wherein the method further comprises recording a
sequence of constraint problem solutions for a problem domain, and replaying the solution

sequence for a subsequent problem domain.

10. The method of claim 1, wherein the method further comprises reusing the
problem cache information across a plurality of independent problem domains associated

with one or more applications.

11. A computer-readable storage medium storing instructions that when executed
by a computer cause the computer to perform a method for reusing information associated
with a constraint solving operation for a problem domain, the method comprising:

receiving a canonical representation for a constraint problem from the problem

domain;
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searching through a problem cache for an entry which corresponds to the canonical
representation; and

if a corresponding entry does not exist in the problem cache, producing an entry in the
problem cache for the canonical representation;

otherwise if a corresponding entry exists in the problem cache, generating a solution
to the canonical representation by reusing the solver heuristic associated with the

corresponding entry in the problem cache.

12.  The computer-readable storage medium of claim 11, wherein producing an
entry in the problem cache for the canonical representation comprises:

storing the canonical representation of the constraint problem in the problem cache;

selecting a solver heuristic from a number of available heuristics;

generating a solution to the canonical representation by using the selected solver
heuristic, wherein whenever the selected heuristic fails to generate a solution within a
predetermined period of time, the system selects a new solver heuristic and uses the new
heuristic to generate a solution to the canonical representation; and

associating the selected solver heuristic with the canonical representation entry in the

problem cache.

13.  The computer-readable storage medium of claim 11, wherein the method

further comprises refining the selection of solver heuristics using a background process.

14.  The computer-readable storage medium of claim 11, wherein a solver server
which performs the method is capable of executing a number of simultaneous threads, where

a respective thread is associated with an independent constraint problem.

15.  The computer-readable storage medium of claim 11, wherein the method

further comprises converting a constraint problem into a canonical representation.

16.  The computer-readable storage medium of claim 11, wherein the method
further comprises providing a persistent solution for a specified canonical representation by

recording and preserving in the problem cache the solver heuristic used to first solve the
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canonical representation, thereby allowing the same heuristic to be used when solving the

specified canonical representation at a later time.

17.  The computer-readable storage medium of claim 16, wherein the method
further comprises providing random stability for a specified canonical representation by
recording and preserving in the problem cache the random seed used to first solve the
canonical representation, thereby allowing the system to produce a constant solution that is

independent of the order in which the individual canonical representations are solved.

18. The computer-readable storage medium of claim 11, wherein the method
further comprises recording a sequence of constraint problem solutions for a problem

domain, and replaying the solution sequence for a subsequent problem domain.

19.  The computer-readable storage medium of claim 11, wherein the method
further comprises reusing the problem cache information across a plurality of independent

problem domains associated with one or more applications.

20. A constraint solver server for reusing information associated with a constraint
solving operation for a problem domain, comprising:

a receiving mechanism configured to receive a canonical representation for a
constraint problem from the problem domain;

a problem cache configured to store canonical representations for constraint problems,
to store metadata associated with the constraint solving operation for the canonical
representation, and to retrieve an entry which corresponds to the canonical representation;
and

a solver mechanism configured to generate a solution to the canonical representation
by using a selected solver heuristic;

wherein if the problem cache does not contain an entry which corresponds to the
canonical representation, the constraint solver server produces an entry in the problem cache
for the canonical representation;

otherwise if the problem cache does contain an entry which corresponds to the

canonical representation, the solver mechanism generates a solution to the canonical
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representation by reusing the solver heuristic associated with the corresponding entry in the

problem cache.

21.  The constraint solver server of claim 20, wherein producing an entry in the
problem cache for the canonical representation comprises:

storing the canonical representation of the constraint problem in the problem cache;

selecting a solver heuristic from a number of available heuristics;

generating a solution to the canonical representation by using the selected solver
heuristic, wherein whenever the selected heuristic fails to generate a solution within a
predetermined period of time, the system selects a new solver heuristic and uses the new
heuristic to generate a solution to the canonical representation; and

associating the selected solver heuristic with the canonical representation entry in the

problem cache.

22. The constraint solver server of claim 20, wherein the constraint solver server

is capable of refining the selection of solver heuristics using a background process.

23, The constraint solver server of claim 20, wherein the constraint solver server
is capable of executing a number of simultaneous threads, where a respective thread is

associated with an independent constraint problem.

24.  The constraint solver server of claim 20, further comprising a transformation

mechanism configured to convert a constraint problem into a canonical representation.

25. The constraint solver server of claim 20, wherein the constraint solver server
is capable of providing a persistent solution for a specified canonical representation by
recording and preserving in the problem cache the solver heuristic used to first solve the
canonical representation, thereby allowing the same heuristic to be used when solving the

specified canonical representation at a later time.

26. The constraint solver server of claim 25, wherein the constraint solver server

is capable of providing random stability for a specified canonical representation by recording



10

WO 2010/011513 19 PCT/US2009/050355

and preserving in the problem cache the random seed used to first solve the canonical
representation, thereby allowing the constraint solver server to produce a constant solution

that is independent of the order in which the individual canonical representations are solved.

27. The constraint solver server of claim 20, wherein the constraint solver server
is capable of recording, in the problem cache, a sequence of constraint problem solutions for

a problem domain, and replaying the solution sequence for a subsequent problem domain.

28. The constraint solver server of claim 20, wherein the constraint solver server
is capable of reusing the problem cache information across a plurality of independent

problem domains associated with one or more applications.
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