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Grithmetic atomic formulae: }}; ajx; + ¢ ¥ 0, M€ {=, <}, c and a; are rational numbers and x; are interger variables
SMT(LIA):
Test the satisfiability of the Boolean combination of arithmetic atomic formulae and propositional variables
eg =0 —x, <13Vx, #Fx3)AN(x; =x3 > x4 >x<)NAN-B

SMT on Integer Difference Logic(IDL) :
a fragment of SMT(LIA) where arithmetic atomic formulae in the form of x; — x; < k
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o Application: Automated termination analysis, Sequential equivalence checking, State reachability checking, Job shop scheduling, e.t.c

Two mode Local Search Framework
P, , P; : the proportion of Boolean and integer literals

- | non_improve_steps > L X P if to all literals 1n falsified clauses
Initialization Integer Mode Boolean Mode | |, : parameter
“non_improve_steps > L X Py~ non_improve_steps : non-improving steps of the

current mode

Literal-level operator: critical move / Example:
s N\ * given two falsified literals I;: (2b —a < —3) and [,: (5¢ —
The critical move operator, cm(x, £), assigns an integer variable x to the d+ 3a = 5) where the assignment 1s {a =b=c=d= 0}
threshold value making literal € true, where € is a falsified literal containing x.  cm(a,ly),cm(b,ly),cm(c, ), cm(d, l,) refers to assigning

a,b,c,dto3,—2,1,—5, respectively.
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. . \ cm(a, ;) assigns a to 3 /
Two-level picking heuristic
(¢ N

andidate set of decreasing operation

D = {cm(x,?)|? is a false literal and x appears in £}
A special subset S © D
S = {cm(x,)|f appears in at least one falsified clause}
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e Search for a decreasing cm operation from S

» Search for decreasing cm operation from D\S

Fine grained scoring function: distance score

/6istance to Truth of literal: dtt \
Given an assignment « and an literal };; a;x; < k.
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dtt(f,a) = max{z a;ax(x;) — k, 0} Z a;a(:

k / 0 me————————_ dts =
.

Extend to Clause dtt(€1) = 0 dtt(£,) = 2 dtt(£3) =3
/Distance to satisfaction of clauses: dts \ C=¢,VLLbVliz=(a—-b<1)v(b<-2)V(c <-3)
Given an assignment « and a clause C a={a=b=c=0;
dts(C,a) = min{dtt(f, )} 4 A
Property: dts(£,a) = 0 when C is satisfied dscore(op) = Z(dts (¢, @) —dts(c,a’))
dts(€,a) > 0 when C is falsified where a, a’ denotes the assigclfrlilent before and after performing op
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Main Algorithm Experiments
Algorithm 3: Local Search of Integer Mode 1000 | ez = =

Critical move
Two level
Heuristic
update clause weights according to the PAWS scheme; 0.001 L

¢ := a random falsified clause with integer variables; 0.001 001 0.1 1 10 100 1000

10 op := a cm operation in ¢ with the greatest dscore; Scoring The running time of LS-LIA (sec)
- ' functions

11 a := « with op performed; : : ! : e
- PP ’ Fig. 4: Run time comparison on job shop scheduling instances.
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Combining with Z3: Z3+LS LIA no_bool 2385 2242 2041 1774 2165 2294 2316
LIA_with_bool 1842 1619 766 1662 1617 912 1625

1 while non_impr_steps < L x I’; do

2 if o satisfies I' then return o

3 if 4 decreasing [cm opemt?lon] in Lfalszﬁed clauses] then - o O
4 L op := such an operation with the greatest score
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else if d decreasing em operation in [mtzsﬁed cimmes]then ° 5

| | 0.1 & xof o CVC5
L op := such an operation with greatest score
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else

The running time of competitors (sec)
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_ Total 1227 3861 2807 3436 3782 3206 3941
Z3 running for [DLno_bool 707 300 142 574 589 597 597 ’
600s [DL_with.bool 770 514 586 658 665 319 661

Total 1477 814 1028 1232 1254 916 -
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