SCL(T): Simple Clause Learning modulo Theories

Input:

« Setofclauses: N={Ci: x>yl =P(x,y)VvQ(x), Cr:usv|-Pluv)Vv-aQw)}
State:

* Set of constants: B ={a,b}

«  Ground partial model assumption (Trail): M = P(a, b)?!, Q(a)Cr¥~ay=a} g > p,

« Conflict: (M; C; - o)

« Learned Clauses (not ground!): U={Cix=>2yANx <yl -P(xy) }
Techniques: Results:

« Model assumption build via Decisions & Propagations ¢ Derive empty clause
» Conflicts resolved via Hierarchic Resolution e M corresponds to valid interpretation

« Conflicting models blocked via learned clauses  Need more constants



B = {a} SCL(T) Example
N={Ci:x=yll=-Plx,y)vQ(x), Cru=<svl|-=-Puv)vaQ) }
U={}

Decide 1
:>SCL(T) P(a) a) )

P(x,y){x » a,y » a} = P(a,a)

Decide:

M =gcry M,L "t Ao
Provided:

* |L| € atoms(N U U),
|K| € atoms(N U U) forall |K| € A,
o is grounding over B,
Lo is undefined in M,
k decisions in M,

« Ao is satisfiable (T) under M, i.e@
Eradif f(B)AM A Ao




B = {a} SCL(T) Example
N={Ci:x=yll=Plx,y)vQ(x), Cru<vl|-=-Puv)v-aQ) }

U={}

C,-{x—aywmra}l:

Decide 1
=SCL(T) P(a,a), a=>al —-P(a,a)V Q(a)
Propagate 1 Ci-{x—aym—a}
=seL P(a,a), Q(a)* , |a = a, T 1
Propagate:
M =>SCL(T) M,L O-A"C, AO-
Provided:
« Theory constraint is satisfiable (1)
under M, i.e.,

Eradif f(B)AM A Ac
One foreground literal Lo is
undefined (/) in M
« All other foreground literals are
false (L) under M




B = {a} SCL(T) Example
N={Ci:x=yll=Px,y)VvQ(x), |C;:usv|-=Pluv)v-aQ)}
U={}

Co, - {u»avwHalk

Decide 1
= SCL(T) P(a,a)", a<al -P(aa)Vv-0Q(a)
=gl [Paa)l @9 [aza] | T 1 1
Conflict 1 Ci-{x—a,y~a} : .
:>SCL(T) (P(a, a)’, Q(a)™ ,aza;C;0) Conflict:
M =>SCL(T) (M,A II C - O-)
Provided:
Theory constraint is satisfiable (T)
under M, i.e.,

Eradif f(B) AM A Ao
« All foreground literals are false (L)

under M
@




C2 0}
A A
s \ \
u<v| -Pu,v)v-aQ) {u-ave—a}

skip: (M,L; A 1| C - o)

B = {a} SCL(T) Example
N={Ci:x=yll=-Plx,y)vQ(x), Cru=<svl|-=-Puv)vaQ) }
U={}

=peide Plaa)

=Eobadate pa,a)t, Q@@ ey d, a>aq,

= (P(a,)t, Q@) F~ay=aja > aiC; - )

=ty P@a)), Q@6 - 0)

=scrr) (M; AN C - 0)
Provided:
|L| does not appearin C - o



B ={a}

SCL(T) Example

N={Ci:x=yll=-Plx,y)vQ(x), Cru=<svl|-=-Puv)vaQ) }

U={}

n =mgu(Q(x),Qw)) = {u ~ x}

gc <vAx =yl ﬂP(x,y)V—lP(x,v)j-éx > a,y—av |—>a5

Y
C3=(UANANANIDVD)

Y

o' =oap )

Skip

= SCL(T)

Resolve
= SCL(T)

(P(a,a)t, Q(a)crix—ay=al c, . g)

(P(a, a)l) Q (a) Cl-{xn—>a,yn—>a};

C3'O'

!

)

C2 0)
A A

( 4 \
u<v|l-Pu,v)vAQ)  -{u - a,vw— a}

x>yl =P(x,y)Vv| Qx) - {x—ayw—a}
\ 7\ J

Y Y
C1 P

Resolve: (M, L’pC"p;/l | C - a)

:>SCL(T) (M, L’pcl.p;/l* | D* - O'p)
Provided:
e« C'p=ANpllD'pvip
Co=DoVLo
L'p = comp(Lo)
n = mgu(L’,comp(L)) @®
A D*=(AAAIDVD)n



B = {a} SCL(T) Example

N={Ci:x=yll=-Plx,y)vQ(x), Cru=<svl|-=-Puv)vaQ) }

U={}

= mgu(Q(x),Q(w)) = {u » x}

x < v/\x>y||—|P(xy)V—|P(xv) {x|—>ayl—>avl—>a}

\

Y

C3=(/1/\/1’IIDVD)77 o' =oap

:>Skip (P(a, a)l) Q(a)C1°{xl—>a,yl—>a}; CZ ) O')

SCL(T)

=5 (P(a,a)?, Qo) bey=a;

C3'O'

)

(3

A
s
x<vAx=yl| =P(x,y)VaP(x, v)
A{xP ayv-ave-a}
\ Y,
Y

!

0}
> a<aAa=al =P(aa)V-P(a a)

Resolve: (M, L’pC"p;/l | C - a)

’- k %k
=SCL(T) (M, L'p“P;A* | D -0,0)
Provided:
e« C'p=ANpllD'pvip

e Co=DoVlLlio
 L'p=comp(Lo)
« n=mgu(l,comp(L)) @

A D*=(AANAIDVD)n



B = {a} SCL(T) Example

N={Ci:x=yll=-Plx,y)vQ(x), Cru=<svl|-=-Puv)vaQ) }

U={}

n= mgu(—lP(x, y), = P(x, v)) ={v - y}

<yAX > P(x,yv)-ix—ay-aqvmr—a
gc yAX yll—u()’zé y ;

Y Y’
C4_ 0)

A

( N\
x<vAx =2yl AP(x,y)V}-P(x,v)
A{xP ayv-ave-a}

J

=5k - (P(a,a)t, Q(a)crixrayed; ¢, .

SCL(T)

= (Pa,@)t, Q@) ri-ey=a;c, .

=tacterize(p(q,a)t, Q(a)Crixray-al; ¢, .

Y

!

0}

> a<aAha=al—=P(aa)V~=P(a a)

Factorize: (M;AIICVLVL -o0)

=scrr) M; (AN CVL)y-o)
Provided:
Lo=Lo
n =mgu(L,L")



O_I
A
r N [ \
x<yAx=2yl-Plxy) {x—=ayw—a}

(4
A

> a<aAaz=all -P(aa)

Factorize: (M;AIICVLVL -o0)

=scrr) M; (AN CVL)y-o)
Provided:

B = {a} SCL(T) Example
N={Ci:xzyll-P(x,y) VQ(x), Crru<svl -P(uv)Vv-Qw) }
U=1{}

= P(a,a)?,

=Eobadate pa,a)t, Q@@ ey d, a>aq,

_Confliet (p(q,a)?, Q()C x99, a 2 4;C, - o)

=Sk (P(a,a)?, Q(a)r ey C, - o)

=iy’ (P(a,a)t, Q(a)crtery=a c; . o)

=factorize(p(a,a)?, Q(a)crmay=a; ¢, - o)

e Llo=Lo
« n=mgu(L,L")



O_I
A
r N [ \
x<yAx=2yl-Plxy) {x—=ayw—a}

(4
A

> a<aAhaz=al -P(aa)

Skip: (M,L; A || C - o)
=scrr) (M; AN C - o)

Provided:

 |L|does notappearinC -o

B = {a} SCL(T) Example
N={Ci:xzyll-P(x,y) VQ(x), Crru<svl -P(uv)Vv-Qw) }
U={}
= P(a,a)?,
=Eobadate pa,a)t, Q@@ ey d, a>aq,
_CoMIEt (p(g, )L, Q)93 0 > a; - o)
=senry  Plaa)?t, Q@ ey (- o)
=iy’ (P(a,a)t, Q(a)crtery=a c; . o)
=factorize(p(a,a)', Q(a) v tray-alc, - o)
=>§’C(£IZT) (P(a,a)t; C, - 0")




B ={a}

SCL(T) Example

N={Ci:x=yll=-Plx,y)vQ(x), Cru=<svl|-=-Puv)vaQ) }

U={} Cex=2yAx <yl =Py }

_pecde  P(a,0)}

ﬁggggj%gate P(a,a)', Q(a)frixray=a} g > q,
_Confiet (p(q,q)t, Q@) 59301 0 > a;C, - o)
=>‘59’C‘£’ZT) (P(a,a)t, Q(a)crix—ay=al c, . g)
= (Pla,a)', Q(a)crx=ey=a; c; . o)

=Lactorize(p(a,a)?, Q(a)crtmayal; ¢, - o)

—skie - (P(a,0)}; ¢y - o)
Backtrack Cy-{x—ay—a}
= SCL(T) —-P(a,a)™* ,a=>a, a<a

O_I
A
r Y [ \
x<yAx=yll-Px,y)|-{x—=ayw—a}

(4
A

Backtrack: (M,Ki"'l,M'; C - a)

:SCL(T) M, LC.O-, A
Provided:
e Co=A|DVL
« Lisoflevel k >1i,and D is of level i

- U:=UU{C)



B = {a} SCL(T) Example
N={Ci:x=yll=-Plx,y)vQ(x), Cru=<svl|-=-Puv)vaQ) }
U={ Cpx=2yAx<yl-Ply) }

=i Plaa)

=?Topasate  p(a,a)t, Q(a)r e, a >,
=Ce (P(a, )", Q@) %, 0 > a;C; - o)
=senry  Plaa)?t, Q@ ey (- o)

=5 (Plaa)t, Q@) tey=a; Cy - o)

=Lactorize(p(a,a)?, Q(a)crtmayal; ¢, - o)

=>§IC(£IZT) (P(a; Cl)l; Cy - O")

—Backtrack _p(q,q)C ey~ a2 q a<a
Decid 1

:SCBLCET)B ., Q(a)



N={Ci:x=2yll=-Plx,y)vQ(x), Cru<vl-aPu,v)V-aQ(),

U={}

Propagate
SCL(T)
Propagate
SCL(T)
Propagate
SCL(T)
Conflict
SCL(T)

==

Sl

=

==

« Resolve
= SCL(T)

P(a, b)Csixmay=b} g = p
o, P(b, c)Caixmby=C} ¢

., Q(b)Crix=byral > g

(o, QD) 1mBYAL ) . )

(0;Cy - 0)

SCL(T) Example 2

C3:x+#y Il P(x,y)

}

Cy
A

4 A\
XFY, X+, x=2y,x<vl|l
x> b,y avec}

\ J

Y
0}

b#ab+cb>=ab<cl|l

T 1



