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Scenario

FHCFhCFRC...CF,
|Fj| — up to 108
(e.g. Markov Logic Networks!)

rmt/a/ MaxSAT
formu/a solver
ground relational no

falsified constraints

MaxSAT model yes

—
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Input: ¢ = dyU bs
Output: optimal solution to ¢
cost +— 0

while true:

(st, v, deore) < SAT(d)
if st = SAT: return v, cost
cost < cost + 1
VR — @
foreach c € dore:
if ce bs:
Vi + VrU{r}
¢ o \{du{cVr
if Vg = 0: return UNSAT

b« dUCNF(Y ey, r<1)

// relax variables of the core

// r is a fresh relaxation variable

// no soft clauses in the core

// add hard cardinality constraint



Fu&Malik algorithm for MaxSAT

Input: ¢ = U ds
Output: optimal solution to ¢
1 cost < 0
2 while true:
3 (St, V' d)CO’e) — SAT(d))
4 if st = SAT: return v, cost

5 //cost < cost+ 1

6 Wpin < min{w | c € dc /A (w, ¢) € bs} // weight of UNSAT core
7 cost <— cost + Wpin

8 Vg < 0

9 foreach c € dore:

10 if (w,c) € ds:

11 Vk « VRU({r}

12 //$ < d\{du{cVr

13 &+ o \{(w, )U{(w— Wnin, €), (Wmin, cV 1)} // split

14 if Vg = 0: return UNSAT
15 G~ dUCNF(Y oy, r<1)
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Incremental approach

FFChRhCOCRC...CF,

straightforward approach: incremental approach:

= solve each F; independently » f; — MaxSAT — F,

= fiy1 = FUd; — formulas are = F is satisfiable
similar = Fio1=Fl U,

* MaxSAT solver repeats its = MaxSAT solver continues
work (SAT calls included) working (no repetition)

= inefficient = F!is reused at step i+ 1

= two incrementality levels:

= MaxSAT (unsat cores)
= SAT (learnt clauses)



Incrementality at

Input: & =dyU bs
Output: optimal solution to ¢

1 cost <0

2 while true:

3 (st, v, Pcore) < SAT(d)

4 if st = SAT:

5 //return v, cost

6 output v, cost // output and wait new inputs
7 § <—read new hard or soft clauses

8 b+ dUd

9 goto line 2

10 Wpin < min{w | c € dc/\ (w, ¢) € bs} // weight of UNSAT core
11 cost <— cost + Wpin

12 Ve 0

13




Incrementality at

Input: ¢ = dyU bs

Output: optimal solution to ¢
1 cost < 0
2 while true:

3 (st, v, dcore) < SAT(d)
4

5 'd.).ecb\{c}u{c\/r}



Incrementality at

1 cost <+ 0
Input: ¢ = oy U s 2 ¢+ dpU{cV b | (w,c) € ds}
Output: optimal solution to ¢ 3 A+ {=b. | (w,c) € dps}
1 cost < 0 4 while true:

2 while true:

(st, v, dcore) < SAT(d)

(st, v, deore) < SAT(d, A)

A < A\{—bJU{b}

3
4
5
6 ¢+ dU{cVrVb}

5
6

7| /b= d\{du{cV

¢ d\{dU{cVr 8

9




Incrementality at

Input: ¢ =dyU s

Output: optimal solution to ¢

1 cost < 0
2 G+ by U{cU{blockingVar(c)} | c € ¢s} // fresh blocking variables
3 A + {—blockingVar(c) | c € s} // enable all soft clauses

4 while true:

5 (st, v, dc) < SAT(dw, A)

6 if st = SAT: return v, cost // optimal solution to ¢
7 Ve + 0

8 mc = min{weight(c) | c € ¢\ soft(c)}

9 cost < cost+ mc

10 foreach c € ¢c /A soft(c):

11 Vg < VrU{r} // r is a fresh relaxation variable
12 ¢, + (c\ {blockingVar(c)}) U{rtU{b,} // b, is a fresh variable
13 A« Au{-b} // enable c,
14 dw — dwU{c}

15 weight(c,) - mc

16 if weight(c) > m¢: weight(c) < weight(c) — mc

17 else: A« (A\{—blockingVar(c)}) U{blockingVar(c)} // disable c
18 if Vg =0: return UNSAT // no soft clauses in the core

19 by c[)WU{CNF[Z,Eeré 1)}

10
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weighted MaxSAT splits clauses

eg.letneNand wy < wp, € N:

1 Foor= (w1, bV VL, a) Ny (w2, —a))
(wo,—bV 73)

2 Fhard - (b)

A 4

MaxSAT restarts can help!

(split_lim. < k Vc € Fopr)
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Experimental evaluation

= Applications:
1. abstraction refinement -
2. user-guided analysis +
3. statistical relational inference
= 74 sequential MaxSAT problems
= 669 individual MaxSAT instances (avg. 10° clauses)

= new approach in Open-WBO — state of the art
1. non-incremental
2. incremental-without-restarts
3. incremental (clause split 2, 5, 10, 15)

= Machine configuration:
= 3GHz CPU
= running Linux
= 30m timeout

= 32GB memout
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Experimental results

@—=o incremental (split limit=5) ¥—x non-incremental incremental (split limit=15)
A—A  incremental (split limit=2) +— incremental (split limit=10) *—% incremental (no restart)
2500 : : : : : : ‘ 10* : 4
1800 sec. timeout
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2000 1 1034 J
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2 1500 { g 10% 4
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& 1000 1 g 10t .
| -
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500 .| é 4
é
oLl i i i i i 107! _l AO - - - a
30 35 40 45 50 55 60 65 70 10 10 10 10 10° 10
# sequential MaxSAT problems solved incremental (split limit=5)
(a) sequential MaxSAT problems (b) individual MaxSAT instances
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Speedup over non-incremental approach

Split limit 5 vs. non-incremental:

= average speedup — 1.8x

= best speedup — 296 |
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Summary and future work

= new incremental approach to sequential MaxSAT:

= incremental MaxSAT calls +
= incremental SAT calls inside MaxSAT -+
= adaptive restarts

= better restart strategies
= state-of-the-art MaxSAT algorithms

= not only add but also delete clauses

15



Questions?
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