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An Invel Example

Flip

public class Main {
public static void main(Stringl[]
Flip.flip(2, 4);
¥
¥

public class Flip {
public static void flip(int i,
int t = 0;
while (i !'= 0 && j
t = i;

0) {

i=j;
t;

.
[}

1 Method Flip.flip

args) {

int j) {

flip | _ const 0 ) 2,0
store 2 of type int | 2,1
bl | load O of type int | 3,0
b2 | ifltint | 3,1 b3 | ifgtint | 3,1
N\
b4 | load 1 of type int | 3,0

.

H

b5 | ifltint | 3,1

b6 | ifgtint | 3,1

b7 | ifeq int

A 4

b8

load 0 of type int
store 2 of type int
load 1 of type int
store O of type int
load 2 of type int
store 1 of type int




e The block flip has b; as successor and its first instruction is not a call instruction. We have

(const®™ 0);FL (store®™ 2)
=(Unchanged(2,0) U {0 = §°});"* (Unchanged ({0,1} \ 2, @) U {3° = I?})
—(0 =0 =10= 8P = O]t =1, 50 = 2}
(=0, =1,0= 12|
Hence, flip o1, p consists of the following clause:

fip(I°,1") —{I° = °,1* =1*,0 = 1?}, b, (I°, 1, 1) .

e The block by has by, b and by as successors and its first instruction is not a call instruction.
‘We have
load™ 0 = Unchanged(3,0) U {I° = §°}
OO = 20 = 50y
Hence, by or,p consists of the following clauses:
b (0,1 2) (I = 0,10 = 2 = 2,10 = 80}, b0, 0%, 12, 5°)
by (1011 2y {10 = 10,1 = 1,22 = 2,10 — 50, by(I0, 11, 12, 8°)
by (10, 11, 12) {10 = 0,11 = 1,12 = 2,10 = §%. o (0, 01 12, 3°) .
e The block by has b4 as successor and its first instruction is not a call instruction. We have
iflt of type"™ int = Unchanged(3,0) U {3° < —1}
P20 < 1)
Hence, by o1, p consists of the following clause:
o (011 2, 80) {0 = O] — [1 12 = 2,30 < 1} by(I°. ', %)
e The block b3 has b4 as successor and its first instruction is not a call instruction. We have
ifgt of type™ int = Unchanged(3,0) U {3° > 1}
(=P =1"P=07235>1}.
Hence, bscrp consists of the following clause:
by(I0, 11, 12, 80) {10 = 0,11 — [, 12 = 2,50 > 1}, bu(I°, ', 2) |

e The block by has bs, bg and b; as successors and its first instruction is not a call instruction.
We have

load™ 1 = Unchanged(3,0) U {I* = 5°}
P =P =P =T =50
Hence, by 1 p consists of the following clauses:
a0, 10, 12) {10 = 0,10 = 112 = 2, [1 = 30, s (10, 11, 12, )
a0, 11, 12) {10 = 0,10 = 12 = 2,11 = §0% b (10, 11, 2, 8°)

ba(I0, 11 ) {10 = 0,1 = ' 2 = 2,1 = 30}, br (9,11, 12, %) .



The block b5 has bg as successor and its first instruction is not a call instruction. We have
ifit of type"™ int = Unchanged(3,0) U {3° < —1}
={P=P =P =735<-1}.
Hence, b5 o1, p consists of the following clause:
by (011,12, 50) {0 = 0,1 = [1 2 = 2,50 < —1}, bs(I°, 11, 12) .
The block bg has bg as successor and its first instruction is not a call instruction. We have
ifgt of type™ int = Unchanged(3,0) U {3° > 1}
(=P "="P=P3>1).
Hence, bg o1, p consists of the following clause:
(0 11,12, 50) {0 = IO, 1 — {1 2 — 2,50 > 1}, bu(I°, 11, 12) .
The block b7 has no successor and its first instruction is not a call instruction. We have
ifeq of type™ int = Unchanged(3,0) U {3° = 0}
== =" =73=0}.
Hence, b7 o1, p consists of the following clause:
by (0,112, 20) (" = .1 = [ P = 2,5 = 0}
The block bg has b as successor and its first instruction is not a call instruction. We have
(load™ 0);"% (store™ 2);* (load™ 1);%* (store™ 0);™ (load™ 2);F* (store™ 1)
=(Unchanged(3,0) U {I° = 8°});"" (Unchanged ({0,1,2} \ 2, @) U {3° = I?});"¥
(Unchanged(3,0) U {I* = 5°});"* (Unchanged({0,1,2} \ 0, @) U {3° = [°});"-
(Unchanged(3,0) U {1 = §°});"* (Unchanged({0,1,2} \ 1, @) U {3° = ['})
—{i° = P =22 = PP = P = g0 = ZQ};]P’]L
{i° = P =P 2= = PP = =250 = Z“O};]P’]L
{Zo:le’lﬁ:lﬁ 222 = Ao},m{[o:lﬁ) 2= vozlﬁ}
—{i° = P =0 = l“z} L 2= = ZO} PL (0 — P2 == Zl}
(=== =0 =P =1
={P=P =" =10}
Hence, bgcrp consists of the following clause:

bs (10,1, 12) —{I° = 21" =1°,1° = '}, b, (I°,1", 1) .

2 Method Main.main

const 2

main
const 4

Z5

b9 | call Flip flip(int,int):void | 1,2




e The block main has bg as successor and its first instruction is not a call instruction. We have

(const™ 2);FL (const™ 4) = (Unchanged(1,0) U {2 = 5°});"F (Unchanged(1,1) U {4 = §'})
={0=02=8Y =15 =35"4=3"}
—{"=0"2=23"4=3"}.

Hence, main o p consists of the following clause:

main((®) —{I° = 1°,2 = §°,4 = §'},bo(I°, 8°, §") .

e The block bg consists of only one instruction which is a call instruction and it has no successor.
Hence, bg o1, p consists of the following clause:

bo(I°,5°,5") —{}, flip(s°, 5") .

3 The CLP(PL) Program

Flip.flip
(r1)  Aip(I°,1") —{I° =1°1" =1',0 = 1?},b,(1°,1%,1?)
(ro) by (101, 12) —{I0 = [0, 1* = [*,[2 = [2,1° = 3%}, by (I°, 1%, 12, §°)
(rs) by (101, 12) —{I0 = [0, = [*,[2 = [2,1° = 3}, bs(I°, 1", 12, 3°)
(rq)  by(I0 1% 12) —{I0 =01 = *,[2 = [2,1° = 3°}, b, (I°, 1%, 12, §°)
(r5)  bo(I0 14,12, 89) {10 = 101" = ', 12 = 2,50 < —1},b4(I°,1",12)
(re)  ba(I0,1",12,8%) {10 =1°1" =1",1 = 2,5° > 1}, b, (I°,1*,1?)
(re)  bg(I0 14, 12) —{I0 = [0, 1* = 1,2 = [2,1* = 3%}, b5(I°, 1%, 2, 3°)
(ra)  by(I0 14, 12) —{I0 = [0, 1* = [*)[2 = [2,1* = 3%}, bg(I°,1", 12, 3°)
(ro)  ba(I0 14, 12) —{I0 = [0,1* = *,[2 = [2,* = 3°},b;(I°, 1%, 2, 3°)
(r10)  bs(I0 0, 12,80) {10 = 10,]" =1, 12 = [2,5° < —1}, bg(I°, 1", 2)
(r11)  be(I0 0, 12,8%) {10 =1°,1" = ', 12 = [2,5° > 1}, b5(I°, 1", [?)
(r12) (100, 12,5%) —{I0 =10, " =", 2 =125 = 0}
(r13)  bg(I0 11, 12) {10 = [2,1* = [°,1° = ['}, b, (I°, 1%, %)

Main.main
(r1a) main(l®) —{I° =1°,2 = 39,4 = 51}, by(I°, 8°, §")
(r15) bo(I%,8°,8") —{}, flip(3°,8")

4 Proving Non-Termination

Let Popp be the CLP(PL) program in Sect. 3. We have Tg

T 0 = @. Moreover,
CLP

o the set Tﬁm T 1 includes the following clauses:

(u)  Aip(I0, 1Y) — {0 =1t = 1,0 =2}, b, (0,11, 12)
(ug) bg(I0,01,12) — {I0 =12,V = I°,0 = '}, by (0,11, 12)

where (u1) is obtained by unfolding (1) with id and (uz) by unfolding (r13) with id,



the set T{im T 2 includes the following clauses:

(us)  bo(l0,50,51) — {30 =1°0,5" = [',0=12},b,(I° 01,12
(ug) be(I° 11, 1%,50) — {10 =12 10 =1']" =1°5° > 1},b,(I°,1%,1?)

where (ug) is obtained by unfolding (r15) with (u1) and (u4) by unfolding (r11) with (u2),

the set T' gc » T3 includes the following clauses:

(us)  main(l®) — {2=10,4=1%0=[2},b,(I°*,12)
(ug) ba(l0 1M, 12) — {10 =120 =1', 1" =1°,1" > 1}, b, (I°, 1", 1?)

where (us) is obtained by unfolding (r14) with (u3) and (ug) by unfolding (rg) with (uy),

the set Tgcw 1 4 includes the following clause, obtained by unfolding (r¢) with (ug):

(u7) by(I° 04 12,8%) —{I° =12,1° =1, 1* = 1°,0* > 1,5° > 1}, b, (I°, 1%, 1%)
the set TgCLP 15 includes the following clause, obtained by unfolding (r3) with (u7):
(ug) br(I00" 1) —{° =11 =1"1"=1°0°>1,I" > 1},b,(I°, 1", .

Consider:

/
(&)

(us) main(l®) — {2 =1°4=1'0=1?},b,(I°,1*,12)
(ug) (100, 1%) — {I° =121 =11 1" =1°,0° > 1,1* > 1}, b, (1,1, 12) .

c

Let e(I%,1%,1?) be the projection of ¢ onto [°,[*,[%. We have:
e(® NP ={">1,' >1}.

Therefore, the following formula is satisfiable:
V(0,0 12) e(I° 1, 1%) = [3(I°, 0%, 1%) e Ae(, 1, 1%)] .

The following formula is also satisfiable:
300, 3(I°, 04, 12, ¢ Ae(l® 1 1?).



