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cdcl() {
assign="SRAH;
while (true) {
AR HEE <3 (assign);
if (T4 KA HR) |
if (assign V=) return false;
if (L83 7 B A TRE) return false;
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} else {
if (545 B2 55 #407) return true;
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* Equality with Uninterpreted Functions
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a; =b; = f(ay ...a,) = f(by ...by)
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cdcl() {
assign==5 I {HE ;
while (true) {
IUAELALE 5 (assign); « LTS ECOCLIX BT 9522 4
if (TS 4R A M R) { o BN LIRS
if (assigh NZ¥) return false;
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} else {
if (545 £ 5& 585 1) return true;
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dppl_t() {
assign="" TR AE;;
while (true) {
if (VG{ELHHE S A0 i R A 7 (assign)) {
if (assign N%) return false;
W21 R();
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}else {

if (T 545 02 52 #E11) return true;
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%%Dlzmﬁ{ﬁﬁassign;
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do {
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if(FE S K PP EE) return false;
if(TK gy & IS AT 3 A2 ) return false;
TR i #51E- (assign);
if(HE 5 I ZR) return false;
} while(#E 3 H BT H)
return true;
}
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else 77 JE & =T fii #5.get_unsatisfiable_core();
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}
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f(ey) =a
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32

IR
€1 = €4 — €c
e, =0
ez =a+ 2
€4 = €5




Nelson-Oppen /7 V%

EUF
fler) =a
f(ez) = €3

=Yy
f(x) = €4
fy) =es

61 — 82
o ZRPE K iR 2% % [FlUNSAT
o BLARUNSAT

33




b

Nelson-Oppen /7 %

* Nelson-Oppeniil: B & FF 1) e B 2 LA T 2544 RS
iz 25 W Bl 7
o WA EH WAL R A% S=
o« SEHIN 1ZSEstably infinite, i FH 5 FLARTH £
o EHMZE,
s MBF=>x,=y,V--Vx, =vy,, WEF=3i.x;=y;

o EUFRIZE 1 )7 R L4 1
o L ROHUR A A Y

c0<x<1=>x=0vx=1

34



Nelson-Oppen i v%: FFIMAL

AR [ S5 7 58 2 HI AT

. E&jﬁinfer_equalities@f

7 |

o ARART IS AR IE B — N R R AT AL, AR IR
BIMENh R A
o MBRAEE—FHSAT, RIEE{RSAT
o YR HFUNSAT, HIEEIARUNSAT

35



Nelson-Oppen /7 ¥

1< x <2
f(1) = a
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< X fler) = a
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a = b+2 fler) = e
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Arithmetic EUF

< X fler) = a
x < 2 flx) = b
er = 1 fle2) = e
@ = b2 fla) = «
ep = 2 X = e
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Arithmetic

< X fler) = a
x < 2 flx) = b
e = 1 fles) = e3
a = b+2 fler) = e
e = 2 X = e
e3 = es+3
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€2

« NG x = e
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* SMT-LIB
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o %)L P BISMT Solver>C #f
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SMT-LIB by Example

e > (declare-fun x () Int)

e > (declare-fun y () Int)

e > (assert (= (+x(* 2y)) 20))
e > (assert (= (- xvy) 2))

* > (check-sat)

* sat

* > (get-value (x y))

* ((x 8)(y 6))
e > (exit)



Scope

e > (declare-fun x () Int) < >(pop 1)
* > (declare-funy () Int) < >(push 1)
> (assert(=(+x(*2y)) <> (assert(=(-xy)3))

20)) * > (check-sat)
* > (push 1) * unsat
* > (assert (= (-xy) 2)) * > (pop 1)
* > (check-sat) . > (exit)

e sat
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Defining a new type

* > (declare-sort A 0)
e > (declare-funa () A)

e > (declare-fune () A)
* > (assert (or(=ca)(=chb)))
e > (assert (or (=da)(=db)))e
* > (assert (or (=ea)(=eb)))e
e > (push 1)
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e > (distinct c d)
* > (check-sat)

e > (declare-funb () A) e sat
* > (declare-fun c () A) e > (pop 1)
e > (declare-fund () A) * > (push 1)

e > (distinctcd e)

> (check-sat)
unsat

> (pop 1)

e > (exit)
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* Decision Procedures: An Algorithmic Point of View

e Daniel Kroening and Ofer Strichman
* Springer, 2008

* SMT-LIB
e http://smtlib.cs.uiowa.edu/

o 732 Mk

e https://www.rise4fun.com/z3/tutorial
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