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Abstract

Bounded variable elimination is one of the most important preprocessing techniques in
SAT solving. It benefits from discovering functional dependencies in the form of definitions
encoded in the CNF. While the original approach relied on syntactic pattern matching our
new approach uses cores produced by an embedded SAT solver. In contrast to a similar
semantic approach in Lingeling based on BDD algorithms, our new approach is able to
generate DRAT proofs. We further discuss design choices for our embedded SAT solver
Kitten. Experiments with Kissat show the effectiveness of this approach.

Abstract. Incremental SAT is about solving a sequence of related SAT
problems efficiently. It makes use of already learned information to avoid
repeating redundant work. Also preprocessing and inprocessing are con-
sidered to be crucial. Our calculus uses the most general redundancy
property and extends existing inprocessing rules iR EEOY. Single Clause Assumption without Activation Literals to Speed-up IC3
solving. It allows to automatically reverse earlie
which are inconsistent with literals in new incremsé
Our approach to incremental SAT solving not onl
inprocessing but also substantially improves solvi
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] Introduction

solving a sequence of related SAT problems increme
he efficiency of SAT based model checking [5[6/7]8
lomains [9]10/11]12]. Utilizing the effort already spe

ceeping learned information (such as variable scores a1
iificantly speed-up solving similar problems. Equally i
lification techniques such as variable elimination, su
esolution, and equivalence reasoning [13/14/15]16.
These simplifications are not only applied before

/

Abstract—We extend the well-established assumption-based
interface of incremental SAT solvers to clauses, allowing the
addition of a temporary clause that has the same lifespan as
literal assumptions. Our approach is efficient and easy to im-
plement in modern CDCL-based solvers. Compared to previous
approaches, it does not come with any memory overhead and does
not slow down the solver due to disabled activation literals, thus
eliminating the need for algorithms like IC3 to restart the SAT

values greater than f{ive are unreachable. A typical query asks
“1s state six reachable [rom any other state?”’, expressed as
SAT?T N (=by V —by V by) N by AN Y A —byl, where T
encodes the transition system for one step from bbiby to
bob by. It is unsatisfiable, telling us that state six is in fact
unreachable. We can try to generalize this result to a set of
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decide ()

if level < lassumptions|

10

11

12

13

14

15

16

17

18

19

20

¢ = assumptions[level]

if val(¥) =

false

analyzeFinal()

else if val(¥) =

tLrue

level++ // pseudo decision level

else trail[level++] = 7

else if level =

lassumptionsl|

unassignedLit = 0

for / in constraint

if val(¥) =
level++ // pseudo decision level
else if val(¥)

L rue

= unassigned

unassigendLit = /

if unassigendLit = 0

analyzeFinalConstraint() // cannot be satisfied
else trail[level++] = unassigendLit

else

¢ = literalSelectionHeuristic()
trail[level++] =

PAR-2 F Res Calls TpC

Di\ Og | Ca Co | m Ca Ca  Co Ca Co
Mean 80 46 ~—>16 +.8.93 v.Zl / 61 19 15 0.61 0.51
beemTele6Int 136 7200 53 181 101 520 157 574 024  0.27
toyLock4 7200 483 1731 357 359 7459 2251 1098 0.42 0.25
visArraysField5 7200 1.6  0.58 51 34 1 | 113 0.53 041
nan 208 421 163 158 140 1381 420 423 0.29 0.32
beemColl6Int 241 258 322 133 108 398 123 | 231 1.24
call10 AR 168 130 110 ) 191 59 42 1.96 2.39
cal109 179 197 102 117 86 110 34 44 2.71 244
cal93 186 136 121 118 140 206 63 58 1.69 1.8
cal94 127 160 115 95 131 171 52 41 1.94 2.1
cal100 112 42 67 67 54 148 45 44 1.23 1.29
call31 46 44 77 58 60 136 42 35 1.58 141
call46 47 39 71 42 38 131 41 23 1.51 1.55
call36 34 46 59 43 35 100 31 23 1.62 1.59
call28 52 38 46 37 40 99 31 25 1.29 1.27
beemExit5Int 51 17 26 16 15 357 110 86 0.18 0.15
call34 38 47 50 48 36 79 25 26 1.72 157
call32 39 36 48 42 32 83 26 24 1.57 1.54
call44 30 34 41 33 42 % 20 17 1.7 1.64
beemLampNat5Int 26 23 23 35 31 193 61 102 0.28 0.3
cal89 16 14 32 33 25 68 22 18 1.23 1.6
beemRether4Bstep 13 4.29 16 7.16 6.99 91 29 13 042 0.49
beemBrp2Int 16 5.1 36 076 0.74 86 29 7 0.08 0.07
beemFrogs2Bstep 247 253 12 559 474 31 10 4 1.12 1.27
beemAddingSInt 1.78 39 207 1.12 1.09 53 17 11 0.08 0.07
visArraysTwo 1.35 289 389 057 0.55 99 30 5 0.09  0.07
Heap 2.02 1.9 338 1.68 1.63 57 22 13 0.11  0.09

Disable restarts, Original version of ABC, CaDiCaL backend Constraint interface used, Defer model reconstruction

FMCAB‘A’\
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RestoreAddClauses (new clauses A, reconstruction stack o )

1 (w1 :C1) - (wn:Ch) == 0
for + from 1 to n

2

3 if exists £ € w; where —=¢ occurs in A then
4 A::AUCZ;, 0::0\(607;3072)
5

return (4, o)

Algorithm RestoreAddClauses to identify and restore all tainted clauses
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kitten *kitten init (void);

voilid
vold

vold
vold
voilid
vold
vold
voilid
voilid

voild

voild

voild
voilid

kitten clear (kitten *);
kitten release (kitten *);

" wallocale W veles

kitten track antecedents (kitten *); @VPK\(\MNQ

z d\b\/?\(g\%j SD\W\\OD\S /C@r%&

kitten assume (kitten *, unsigned 1lit);

kitten shuffle clauses (kitten *);
kitten ~flip phases (kitten *);
kitten randomize phases (kitten *)

’
S—
- 0

kitten clause (kitten *, size t size, unsigned *

kitten unit (kitten *, unsigned);

kitten binary (kitten *, unsigned, unsigned);

kitten clause with id and exception (kitten *, unsigned id,
size t size, const unsigned *,
unsigned except);

kitten no ticks limit (kitten *): W Solvine

kitten set ticks limit (kitten *, uint64_t);

oo ey alo, st veckor  clear
L Onke



int kitten solve (kitten *); nEw
int kitten status (kitten *); f;vaFﬁf S

signed char kitten value (kitten *, unsigned); §5V~ ;;\ﬂ?vqxtj>
bool kitten failed (kitten *, unsigned); 4<<\“_////////

bool kitten flip literal (kitten *, unsigned);

unsigned kitten compute clausal core (kitten *, uint64_t * learned);
void kitten shrink to clausal core (kitten *);

void kitten traverse core ids (kitten *, void *state,
void (*traverse) (void *state, unsigned id));

void kitten traverse core clauses (kitten *, void *state,
void (*traverse) (void *state,
bool learned, size t,
const unsigned *));
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Abstract

Bounded variable elimination is one of the most important preprocessing techniques in

Abstract. Incremental SAT is about solving a sequence of related SAT
problems efficiently. It makes use of already learned information to avoid
repeating redundant work. Also preprocessing and inprocessing are con-
sidered to be crucial. Our calculus uses the most general redundancy
property and extends existing inprocessing rules J-Rleanees

solving. It allows to automatically reverse earlie
which are inconsistent with literals in new incremsé
Our approach to incremental SAT solving not onl
inprocessing but also substantially improves solvi

1 Introduction

Solving a sequence of related SAT problems incremer
he efficiency of SAT based model checking [5|6/7]8
omains [9/10/11/12|. Utilizing the effort already spé
eeping learned information (such as variable scores a1
nificantly speed-up solving similar problems. Equally i
lification techniques such as variable elimination, su
esolution, and equivalence reasoning [13[14/15/16].

These simplifications are not only applied before
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values greater than five are unreachable. A typical query asks
“is state six reachable from any other state?”, expressed as
SAT?T N (=by V =by V by) A by A by A —bp), where T
encodes the transition system for one step from b2bi1by to
bob by It is unsatisfiable, telling us that state six is in fact
unreachable. We can try to generalize this result to a set of
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SAT solving. It benefits from discovering functional dependencies in the form of definitions
encoded in the CNF. While the original approach relied on syntactic pattern matching our
new approach uses cores produced by an embedded SAT solver. In contrast to a similar
semantic approach in Lingeling based on BDD algorithms, our new approach is able to
generate DRAT proofs. We further discuss design choices for our embedded SAT solver
Kitten. Experiments with Kissat show the effectiveness of this approach.
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