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satisfiability modulo theories

(SMT) problem

* Boolean satisfiability problem (SAT)
(Dvariable Z theory % $5f Dfirst order
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o X IZHo 1 Stheory

> empty theory

> Array, List, Bit vector

o linear arithmetic
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ﬁm z3 import *
import itertools

for nin range(10):
solver = Solver()
vs = [Int("a"), Int("b"), Int("c")]
solver.add([x!=y for x,y in
itertools.combinations(v,2)])
solver.add([And(l <= x,x <= n) for
X in vs])
if solver.check() == sat:

print("n = %d" % n)
print(solver)
print(solver.model())
break
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[a >= I,
a <= 3,
b>=1,
b <=3,
a !=b,
c>=|,
c <=3,
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rom z3 import *
for nin range(10):
solver = Solver()

v = [Int("a"), Int("b"), Int("c")]
for jin range(3):
solveradd([| <= v[j],v[j] <=n])
for k in range(j):
solver.add([v[k] != v[jI])
tmpv = [Int("c_I1"),Int("c_2"),Int("c_3")]
for jin range(3):
solveradd([| <= tmpV[j], tmpvV[j] <=n])
for k in range(2):
solver.add([v[k] != tmpv[j]])
solver.add(Or(And(tmpv[0] < v[0],v[0] < V[I]),
And(v[1] < v[0],v[0] < tmpv[0])))
solver.add(Or(And(tmpv[I] < v[I],v[I1] < Vv[0]),
And(v[0] < v[1].v[1] < tmpv[1])))
solver.add(Or(And(v[0] < tmpv[2], tmpv[2] < v[I]),
And(v[1] <tmpv[2],tmpv[2] < V[0])))
if solver.check() == sat:
print("n = %d" % n)
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[a>=1l,a<=5b>=1,b
<=5,a!=b,c>=1l,c<=
5,al=c¢b!=¢cc | >=1,
c |l <=5al=c I,b!=

c l,c2>=1,c 2<=5,
al=c 2,b!=c 2,c 3>=
l,c 3<=5,al!l=c 3,b!=
c_3,0r(And(c_I| <a,a<
b),And(b < a,a <c_lI)),
Or(And(c_2 <b,b <a),
And(a< b,b < c_2)),
Or(And(a<c_3,c_3 <b),
And(b<c_3,c 3 <a))]
[b=2,a=4,c=5,c 3=

print(solver)
print(solver.model())
break
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/from 23 import* \ Cf makeSolver(self, i, n): \

importitertools, collections solver = Solver()

vs = [Int(x) for x in 'abc']

class SolverGen:
def __init__(self): solver.add([And(l <= x,x <=n) for x in

self.varCount=0 VS])
def genVar(self, i): solveradd([x !=y for x,y in

selfvarCount += | itertools.combinations(vs,2)])

return Int("%s_%d" % ("abc"[i], self.varCount)) for jin range(i + | );
def addSolver(self, solver, i, n, vs): self.addSoIver(soIver; i n,vs)
if i == 0: return
mylndex, unknownlndex = (i+2) % 3, (i+ 1) % 3 return solver
oldvs = vs[:unknownlndex] + vs[unknownIndex+[:] n=20
tmpvs = [self.genVar(unknownlndex) for j in range(3)] foriin range(ZO):

forjin range(3):
solver.add(And(l <= tmpvs[j], tmpvs[j] <= n))
solver.add([tmpvs[j] != y for y in oldvs]) if solver.check() == sat:

s| = vs[:unknownlndex] + [tmpvs][j]] + P
vs[unknc))(wnln\tlje[xlfl-l:] - 1+ [mpvs{ll print(i)

solver = SolverGen().makeSolver(i, n)

xl,yl, zI = xs|[j] + xs|[;] print(solver)

solver.add(Or(And(yl <xl, x| <zl), And(zl <xlI, i
<l <y} (Or(And(y ), And( print(solver.model())
self.addSolver(solver, i- I, n,xs 1) else:
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[b=4,a=2,c=5,c 3=3,c | =1,c_2=15]
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[c8=1,c 3=3,c7=7,c_ I=1,c_I1=5c 12=3,c I5=5,a 5=2,c 13=9,b=4,a 4=
6,a=2,c 2=51c 10=1l,c_l14=3,c=7,c 9=5,a_6=8]

3

[c 8=11,b_16=13,c_37=13,c 26=8,c 22=1,c_ 41=11l,b_17=10,c_15=3,c_42=9,

a 43=6,c 499=1,c 2=1,c 14=11,c 53=3,c 47=1,a_ 6=2,a 45=8,c 54=5,
c3=1l,c29=14,c 12=11,c 30=3,c 50=5,c 27=14,c 40=5,a 32=12,b = |0,
a 4=8,c 48=5,a 44=2,c 10=13,c 9=9,c 24=12,c 7=1,c. 52=9,c | =13,

c I1=1,c28=1,a 31=8,c_ 23=14,c_ 51=3,2 20=15,c 39=11,c_34=1,

a 33=6,a 19=1l,c 36=9,b 18=4,c 25=16,c 38=1,a 5=12,c 46=7,c I13=1,
a=12,a 21=2,c=7,c_35=11]
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