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Abstract: This paper presents an extension of an SQL-based constraint programming system CombSQL+,

for utilizing multiple CSP solvers. The resulting system reads a problem instance expressed in database

tables. In turn, an extended SQL query for problem-solving generates a constraint satisfaction problem
(CSP), which can subsequently be solved by any off-the-shelf CSP solvers, in our case, a SAT-based CSP
solver Sugar as well as an SMT solver Z3. Our declarative approach has obvious advantages. In particular,

combinatorial (optimization) problems can be concisely modeled as extended SQL statements and then

solved by general-purpose CSP solvers rather than dedicated implementations.
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(a) nodes 7— 7V (b) edges 7—7 L

node source | target
0 0 1
1 1 2
2 2 3
3 0 2

(c) colors 7— 7L (d) solution 7— 7L

color node | color
1 0 1
2 1 2
3 2 3
3 2
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1| -- BEGIN COP

2| CREATE SET SearchSp AS SELECT node, CHOOSE(colors) AS color
FROM nodes;

3

4| CREATE SET Solutions HAS t IN SearchSp

5| SUCH THAT NOT EXISTS(

6 SELECT target FROM edges

7 WHERE (SELECT color FROM t WHERE node = edges.source) =

(SELECT color FROM t WHERE node = edges.target)
)

CREATE TABLE solution AS t IN Solutions
-- END COP
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#!/usr/bin/env python3
from glazesugar.CSP import CSP, Var, Domain
from glazesugar.Sugar import Solver

color = [1, 2, 3]

nodes = [0, 1, 2, 3]

edges = [(0, 1), (1, 2), (2, 3), (0, 2)]

9 csp = CSPQO

10 xs = []

11 for n in nodes:
x = csp.int(Var(£"INT_{n}"), Domain(color))
xs.append(x)

for e in edges:
csp.add(xs[e[0]]

solver = Solver(csp)

result = solver.find()

if result:
print(solver.solution())
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5| def main():
6
7
8

12
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15
16
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22

= xs[e[11D)

if __name__ == "__main__":
main()
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% python3 coloring.py

{’INT_0®’: 3, "INT_1’: 'INT_2’: 2, 'INT_3’: 1}
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1| def create_variable(self, var_type, domain = None,
is_choose_variable = False):
2 i = len(self._variables)
3 if var_type == int:
4 var_name = f"INT{i}"
5 if domain is None:
6 BROERIE R XA VBRI id LT —% )
7 v = self.csp.int(CSP.Var(var_name), CSP.Domain(
domain))
8 elif var_type == bool:
9 var_name = f"BOOL{i}"
10 v = self.csp.bool(CSP.Bool(var_name))
11 else:
12 HEINTORVWEDEEIEIT T — %A
13 self. variables[var_name] = v
14 if is_choose_variable:
15 self._choose_variables[var_name] = v
16 return v
I — F 4: create_variable X Vv RDFELE
1| def add_constraint(self, constraint):
2 < g >
3 self._constraints.append(constraint)
4 self.csp.add(constraint)
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def solve():
solver = YA N—FT7T 7 b
timeout = HillRRIER

def _find(1lst):
is_sat = solver.find()

if is_sat:
1st[0] = (True, solver.solution())
else:
1st[0] = (False, None)
< Hlig >

manager = SyncManager ()

manager.start()

1st = manager.list([(None, None)])

p = Process(target=_find, daemon=False, args=(lst,))
p.start(Q

p.join(timeout)

result, model = 1st[0]

21 return result, model
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