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(1) £ 5 p Y

IBF(V)E R =R SV LA K2 2

25 FEAP
AP )RS5 M=(V,p,®,N)

e V={vi,.,vn} fi/RTEES
e p: {vl,..,vn,vl’..,vn'} ERIAIIR AT
* ©: {vi,..,vn} EHAI/R AR

e N: AP>BF(V), BIN(p)9{v1,...,vn} E A /R AR (AR FKp)



RS 8 15 £ Kripke R (0617

75 € AP. 25 E AP.

AP L IIAR Skripke iy | AP AT 5 AR Y

K=<S,R,I,L> M=(V,p,0®,N)

S ={s0,...,sm} V={vl,.. vn} fi/RTEES
RcSxS p: {vi,..,vn,v1’..,vn’} [ HIBF
IS ®: {vi,..vn} FHIBF

L: S>25 N: AP>BF(V)




P Kripke t 4 211575 A5 A

U4 5T B Kripke

K=<§,R,I,L>

V={v1,...,vn}A] LAgm b 2n IR 35
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S ={s0,...,515} ~ V={vl,v2,v3,v4}
(0,0,1,0) (1,0,1,0)
(—v1A—=Vv2AV3A—V4) (VIA—V2AV3IA—V4)

(—=v2AvV3A—va)



R~ p
\@ { 510
(0,0,1,0) (1,0,1,0)

(s2,510):

(—VvIA—V2AV3A—V4) A(VI'A—V2 AV A—VE)

{(s2,5s10),(s10,s10)}:

(—Vv2AV3A—VE) A(VI'A—=V2 AV A—VE)



@

(0,0,1,0)

(—v1A—=V2AV3IA—V4)

{ s10
(1,0,1,0)



L ~ N

(0,0,1,0) (1,0,1,0)
AP={p,q}:
[[pll={s | peL(s) } ~ N(p)

[[all ={s | geL(s) } ~ N(q)






bR 5 Kripke 4t 1
FFE5EAIM=(V,p,0,N) 5 Kripke 45 FK=(S,R, |, L) B %} B 5% £

S={(al,..,an) | al,..,an €{0,1}}

R={((al,..,an), (al’..,an’)) | p(al,.,an,al,..an’) =1}
| ={(al,..,an) | O(al,...,an) =1}

L((a1,...,an)) ={p | N(p)(al,..,an)=1, peAP }

M |= o iff K|= .



e AP={vl,...,vn};

o FF5EMIM=(V,p,®,N)H.N(vi) = vi

Ttk AM=(V,p,0)



bR 5 Kripke 4t 1
B 5 M=(V,p,0) 5 Kripke 45 F4K=(S,R, 1, L) {5 . 5% £

S ={(al,.,an) | al,..,an €{0,1}}

R ={((al,..,an), (al’..,an’)) | p(al,..,an,al)..,an’) =1}
| ={(al,..,an) | ©(al,..,an) =1}

L((al,.,an))  ={vi|ie{l,..,n},ai=1}

M |[=¢@iff K |= .



ASI W 2V Sy

a: (v1,...,vn) B HIAT IR 4 2

s=(al,...,an)

E Xo(s)NHal,..,ang A B #oH Hvl,...,vn

E Xs e o g HAN Hals) =1.

E X[[a]ll={s | as) =1}



<1
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o AR

o (vl,..vn) ERIAR R e 2
o  FHMNEI(VD,..vn') AR
ex(a) = Avl’,...,vn'.(pA o)

EX([[a]]) ={s | ex(a)(s) =1}

IR

+



p = (=V2AV3A—V4E) A(VI'A=V2 AV A—VEY)

\@ { s10

(0,0,1,0) (1,0,1,0)

EX({s10}) = {s2,s10}

ex(vlAn—v2Av3A—v4) = (—v2Av3A—V4)
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(1) CT LA 7R A ]

o 2 FOIR AR LA

JENREy ity iRl

o PRSI /BR F 1B VA
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(I.a) & 2R AS A A A

M=(S,R, L)
¢
M|=¢?

R — v, EX, EG, EU



.

A= = R

M=(S,R, L)
¢
M|[=¢?

REARZS KRR @ BT )15

H ¥
M,s |= 0 iff ¢ € L(s)

=
NS



brg Hi%(a)
L'(s) :={} forall s

KL T A

L'(s) :=L(s) U {p} if p € L(s)



br 5 Hi%(b)
oMK E A+ 1T o=y
(1) g = =Y

U'(s) = LU(s) U {} if yye L(s)

R b= vy
() = L'(s) U {} if woel'(s) or y,eL(s)

(3) b= EXyg
L'(s) = L'(s) U {} if Is".(s=s’) and y,el’(s’)



(4) Y= E(y, Uy,y)

L'(s) = L'(s) U {Y} if gy, € L(s)
L'(s) = L'(s) W {b} if y, € L(s)and Is’.(s=>s’) and yel'(s’)

(5) = EGy

a. & %EWOE/J/IﬁKﬁﬁEB/JﬁmRBﬂEL i

b. K B AE~F MLsEZEIE 7 = FPIRESHr By
c. U'(s) =L(s) u{w} if y, € L(s) and 3s’.(s=>s’) and yel/(s’)




.

A= = R

M=(S,R, L)
M,s |[=¢@ iff
M|=0 iff

¢ € L(s)

¢ € L(s) for all sel



A5 1

M=(S,R,1,L)
¢
M|[=¢?

K o T AR BISIE S

H #r:
M,y |=¢ iff s € [[o]]



Ash B EE)

AN

ex(Z) ={s|s=2s " ands’'eZ}

[wovy,ll =1
[EX woll
[EG o]
[E(wo U yy)l]

[p]l ={s | p e Lis)}
[—woll =S\ [[v,

Wol]

I]

U [[y4]]

= VZ.([[w,]]

= puZ.([[y,]

= ex([lyol])

M ex(Z))

U ([[woll N ex(2)))



A5 1

M=(S,R, L)
M,s|=¢ iff
M|=0¢ iff

s € [[o]]

| < [[o]]
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(11.b)

EE



(ERERIE
AP LA 5 A A

M=(V,p,O,N)

V={vl,..,vn} fi/RLELESF - S
p: {v1,..,vn,v1’..,vn'} EHIAI/R AT - R

®: {vi,..,vn} AR 3\ -—- |

N: AP>BF(V) — L



(RREy Rty v/l PR N DR RS

M=(V,p,®,N)
O
M|=¢?

SRR IR/ Wl VA2 AV O T PANASEY



ANF) R (1)

ex(Z) =3vl’,..,vn'.(pAZ)

[p]] =Np

[—w,l] = [yl

(W vy,l] = [[woll v [[w,]]

[[EX wol] = ex([[woll)

[EG yyl] = VZ.([[wol] A ex(Z) )

[E(wo U )] = pZ([[w.l] v ([lwell A ex(Z) ))




A REIA

M=(V,p,0,N)

M|=¢

iff

O-2> [[¢]]

iff
OA[[—@]] =0



-5
{p} {p.,g {p}

(0,0,1,0) (1,0,1,0) (0,0,0,0)

M=(V,p,®ON)

V={vl,v2,v3,v4}

p = ((—v2AV3A—VE) A(VI' A—=V2'AVI' A—VE')) v
(—(—v2AVv3A—VvE) A((V1'<> VI)A..A(VA <> v4))

® = (—v1A—Vv2AV3A—V4)

N(p) = (—v1iA—=Vv2)Vv(VviA— v2);

N(q) = (—Vv1Av2)v(viAn—v2)



(17x

{p} {p,g {p}

(0,0,1,0) (1,0,1,0) (0,0,0,0)

M [=AG(pvq)
[[AG(pva)ll = [[=E(true U —(pva))]] = ~pZ.([[=(pva)llvex(Z) )
f(Z) = [[=(pva)llvex(Z)
Z0=false
Z1=[[=(pva)]ll= =(N(p) v N(q)) =
—((=vIA=Vv2)v(VIA—=V2) Vv (—VIAV2)V(VIA—V2)) = (V2AV])
Z2=(v2Avl)
A [[AG(pva) 1] = =(v2Avl)
1T ©0>=(v2avl), KM |= AG(pvq).
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(11O TR / PR IE A A 5

k-B8 42 KR Nk+ 111 B A4S

M = (S,R,I,L)

M, = (S,P1,L) ForH PO BT AT kB 2 2

rs(m): BT A A [FPIRAS



CTL

ZFENNFA T :

DO ==p| ODAD | ODVD | —p |
AXD | A(®R D) | A(® U D) |
EX® | E(® R @) | E(® U D)



BN Mul=9

M,u
M,u
M, u
M, u
M,u
M,u
M, T
M, Tt
M,

if p e AP and p € L(u)

if p e APand p ¢ L(u)
ifM,u|=dorM,u |=vy

if M,u |=dpand Mu |=y

if for every path w of u, (M,x |= v)
if there is a path T of u, (M, |=vy)
if M,t, |= ¢

if 3i>0, M,m; |= y and Vij<i, M, ;| =¢
if Vi20, (Vj<i, Mt |= &) >M,m| =y



BN FG

M,nt |= Fy, if 3i>0, M,zt. |= vy
M, |= Gy, if Vi>0, M,mt.|= vy



PRAE X M,ul=, ¢

M,u
M,u
M,u
M,u
M, u
M,u
M, Tt
M,
M,

=k P,

=k P,
= PV,
= PAVY,

=k CI)R\V)

if p e APand p € L(u)

if p e APand p ¢ L(u)

if M,u |=, dorM,u |=, v

if M,u |=, & and M,u |= v

if for every k-path n of u, (M,n |=, y)

if there is a k-path w of u, (M, |=, y)

ifk>1and M,m; |=, ¢

if i<k, M,wt, |=, v and Vj<i, M,njl:k )

if Vi<k, (Vi<i, M€ | =, $)>M,m;|=, v and
(rs(m) or Ji<k, (M,mt,|=, $))



BRFAIE X : FG

M, | =, Fy, if Ji<k, M, |=, v
M, |=, Gy, if Vi<k, (M,r.|=, v) and rs(n)



PRAES: M= b

Definition
M |=, & if M,u |= o for every initial state u.

Soundness
For every i >0, if M |=. @, then M |= 0.

Completeness
If M |= ¢, then thereisai>0suchthatif M |= 0.



B S 1E Aiff 4 A4 A (BCC)

k=0;
if M|=, ¢, then report M|= ¢;
if M,s|=_—@ for some sel, then report I\/II/é 0;

N

k=k+1; goto step 2;



|

SR S A T A 7 1 ] R % i

PLs: SRR AT CTLM: 5 1 IE 1

A Vsel, M,s|=, o5
A dsel, M,s|=, oif&E:

F T QBFI) CTL PR A IEH A 2
FLT-SATH) ACTL R At IEfa 4G &

k-1 8. O(VO) A p(VO,V) A ... A p(VKTVK)
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br'g A FKripkeZ

f A

M=(S,R,I,L,D)

O={D1,..., Dk}

. R

e

H

1)



3

A= = R

M=(S,R,I,L,D)

a. & /WECDEI’MK**’N&E’J% ] P ) e e 3 )
b. K3 BT AR MLkl 7 = H RS s LD
c. KFHT A e 'JJ%.EIIESZFL%%‘ 2= R VT N <

M’= (S’,R’I",L*) — 5 FEAR I f) 8 SRS o9

S={s| ® e l(s) N FIREHIES
R"=RN (5" x¥5)

"=1NS

L* =L (S x 24P)




N

b 5k (a)

HE[Es 9
L'(s) :={}forall s e
oM E 91T~ I p

L'(s) :=L(s) U {p} if p e L*s)



br 5 Hi%(b)
oMK E A+ 1T o=y
(1) g = =Y

U'(s) = LU(s) U {} if yye L(s)

R b= vy
() = L'(s) U {} if woel'(s) or y,eL(s)

(3) b= EXyg
L'(s) = L'(s) U {} if Is".(s=s’) and y,el’(s’)



(4) Y= E(y, Uy,y)

L'(s) = L'(s) U {Y} if gy, € L(s)
L'(s) = L'(s) W {b} if y, € L(s)and Is’.(s=>s’) and yel'(s’)

(5) = EGy

a. THEIm By RS B A 1T /2 O 5% 7 &
b. ¥ B HE~F PLom % 7 & H FPIRES s b
c. U'(s) = L(s) U {w} if y, € L(s) and 3s’.(s=>s’) and yel'(s’)




.

— 1 ety -
I R
M=(S,R, 1L, D)
M’= (S',R’,I',L*)
M=o

iff
¢ € L'(s) for all sel’
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ATFLIFT 5B

R

M=(V,p,0,N,D)

V={vl,..,vn} fi/REELE

p: {v1,..,vn,v1’..,vn'} EHIAI/R AT
O®: {vi,...,vn} L HIAG /R A

N: AP->BF(V)

O={D1,..., Dk}



INEZ R BARE 5 A A

Fair = vZ.( A{ ex[[ EF (ZADj)]] | j=1,....,k })

[[EX¢ @]] = ex([[¢]]AFair)
[[E(e Upw)]] = [[E(@ U (y AFair))]]

[EGe @l = VvZ.[[o]In( Al ex[[ E(@ U (ZA®Dj)) ]] | j=1,...,k }))



A5 1

[pl] = Np

[—Woll == [[woll

[wo vyl = [[woll v [[y,l]

[EGe@]l = VZ([[olIN Al ex [[E(p U (ZADj)) 11| j=1,...,k }))
[EXe ol = ex([[p]]AFair)

[E(¢ Upy)l] = [[E(¢ U (wy AFair))]]

Fair = [[EG¢ (true)]]

[[E(wo U yy)]] = pZ.([[w,]] v ([Twol] A ex(2)))



A5 1

M=(V,p,0,N,D)

v* Ny EB A FL2I R (X,G, U X, G, Ug)

M|=¢
iff
OA[[(— @)*]] = false
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o 2 FOIR AR LA

JENREy ity iRl

o BRI ARSI

o NPLIHRN HYLT LA B A




(I.a) 2 RS A A

M=(S,R,1,L)

¢

FEENNFA
D==p|DPAD | DOVD | =p | XD | (DRD) | (O U D)



BT R T

RTIN (1)



- H 3L AR Y

& T

sl (1a)

T

l

¢

|

{GBA(I\/I) }[GBA(({)) }{GBA(M)QGBA(([)) }

{G BA(M)/\—lGBA((p)=@}

B

ﬁﬂﬂi*—‘

%

3 Il

XI_J




T H LA I (1b)

2 ] )

v wee

{GBA(M) }

{GBA(—&p) } {GBA(M)AGBA(—@):@}




ST BB I (1b)

v wee

4 N

GBA(M)

N J

SCCH £

'

A 4 A 4

{GBA(—&p) } {GBA(M)AGBA(—@F@}

l

[<2,S,A,|,F>= % HG BA(M,—0)=2 J




BT R T

IRl (2)

On-the-fly i R

3T BA



—

Al

I BHAIL I R 2

Rl (2a)

{M=(S,R,I,L)} L(p
l

s

/

N

BA(M)

~

J

\ 4

|

A 4

'

[<Z,S,A,I,F>=@ HBA(IVI,—@F@

l

|




FT H LA R I (2b)

v wee

/BA(M) \
DDFS ) )
ﬁ/‘ {BA(ﬁ(p) } {BA(I\/I)/\BA(ﬁ(p)=@ }

-

[<Z,S,A,I,F>= % HBA(IVI,—@F@ J




A —g—a ) 4

Al

SCCH.iA4:

DDFSH.i%:

SRR A (2)

£ J5]

[M=<T,®> J

& T 3175 (on-the-fly ) B RS 44 i)

[BAHP) J

DDFS

RS

L_a

U BA(M,—p)=J ?




S T [I: >
Jvan &7—%/75‘»

PLA: X a) i, nfpeid & 2 |n) e

)18 BA(@ ) HY 51 RV E
Partial-order reduction

« Stuttering equivalent properties

« LTL\X



(17x

1
Process A 1 Process B
|

x:=0 - x=12>y:=0




AP={x=1}, @eLTL\X

75



e

=3
Ji0
T

(I11.b)7:




PRI 4 B

GRer

M=(V,p,®,N,D)

V={vl,..,vn} fi/RBEES

p: {v1,..,vn,v1’..,vn'} EHIAI/R AT

O®: {vi,...,vn} L HIAG /R A

N: {Np | p €AP}, Np N{v1,...vn} L IRIAE R AR

O={D1,..., DK}



ey Rty walll

[M=<T,@> } {GBA(—.(p) }

| l

[I\/I1=(V1,p1,®1,N1,{}) } [I\/I2=(V2,p2,®2,N2,‘P) }

\//

[M'=(v,p,®,N,\1J) j

M |= @ iff M’ |/éEG(true)



Y | bi L =
jL, y JI0L

M’=(V,p,®,N,¥) ] i R iE



(111.c) PR S A5 7Y A ]

kg e : K Nk+1 4%
(k,) kg1 H R(m,, m) AL,

fFAE THHAfERSM, 7] = ¢
2 HALH SRR ST (k) 15
M, 7y .1, (.. )0l = H kLM x 211,

M |/£ d
HAN H AR S (k)15

M, nty...T 4 (T ... )2 | = =




LTL

£ FENNF-LTL:

D ==p|DAD | DVD | —p | XD | GD | ® U ®



M,
M, Tt
M, Tt
M,
M, Tt
M, Tt
M, T

(IEHF)EX: Mz |=d

if p € AP and p € L(r,)

if M, |
if M, 1t

=
=porM,n |=y

if M1t
if M, !
if 3i>0,

=pand M, |=vy
|=¢

M, |= v and Vj<i, M,i|=d

if Vi=0, M, | =y



Existential Model Checking Problem

M |=¢ ¢, if there a computation rt such that M,nt |= ¢



[ F41E Y (non-loop): M, 1t |=, ¢

M, |="p, ifp e APand p € L(r,,)

M, |=™ —p, ifpe APandp ¢ L(r,,)

M, |=,™ dvy, if M, |="™dor M, [=™ vy

M, |=™ dAy, if M,m |=™dand M, |=™ vy

M, |="X o, if k>m+1 and M, |=,™* ¢

M, |=" dUy, if Im<i<k, M,m |=! y and Vm<j<i, M,t|=] ¢
M, |=" Gy, if false

M7 =4 dif M7 =0



fRAE X (loop): M, mt |= ¢
(k,1)-loop: T =T ... T (7 ... T )°



[RAE X (loop): M, mt |=, b

M,

M, |=

M,
M,
M,

M,

— |,
_kmpl

=kI,m d)V\VI
=k|'m dAy,
=k|’m X d)l

ifp e APandp € L(r,,)
ifpe APandp ¢ L(r,,)
if M, [="™ & or M, |="™ vy
if M, |='™ ¢ and M, |="™ vy
if k>m+1 and M, |= ™1 ¢,
ork=mand M,n |= " ¢
if Im<i<k, M,nt |= " v and Vm< j<i, M,t| =" o,
or Vm< j<k, M,x|=" ¢ and
JI<i<m, M,t |=" v and V|<j<i, M,t|=" ¢
if Vmin(l,m)<i<k, M, | ="



PRAEN: M, 7t |=5 ¢

DEFINITION
Mt [=, &, itM,t |5, dor M, |5, ¢ for some | € {0,...,k}

DEFINITION
Ml=¢, &, if M, |=, ¢ for some computation .

LEMMA (Soundness)
If M|=¢, &, then M |=¢ ¢.

LEMMA (Completeness)
If M |=; ¢, then M|=¢, ¢ for some k > 0.



fR 1 X

THEOREM
M |=; ¢ iff
there is k=0 such that M |[=¢, ¢

Corollary
M JE & if
there is k >0 such that M |[=¢, —¢



see B E

kKEM|= o EB{E, HHANS
%le&k — )I_\“JXﬂ‘kIZk; Ml/éE,k’ —(p

WlctieM|= ol /D 5e 2 1A :
z’f.b>lctﬂl\/l)/ =, T M=o .

(/MR 5 TH)
/N 56 25 MR

(least completeness threshold < |M | *21¢l)



R 75 B A (BMC)

Let b be a completeness threshold for M |= ¢ or infinity.

k=0;
if M|=¢, —@, then report l\/lyé 7
if k=b, then report M|= o;

= W

k=k+1; goto step 2;



R Fr A5 A A I 1y T 2l S 3k — 2

5675 ¥ {H (completeness threshold <= [M|*2l%l)

SR AM | = oI EIE

§H1
E[H\

FLT-SATHY LTLPR S A A

=7

1



(M.d) A2 50 BFILT LA AL A

br S AN FKripke 45 ) 5 7Y

M=(S,R,I,L,D)

O={D1,..., Dk}



iy Rl

M=(S,R,LL,®)

M’=(S,R,1,L)

M|[=0
iff
M’'|= (GF(®1) A ... A GF(Dk)) =2 ¢
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%\ r I A2 x>=0
B H S xo=r¥fr A x<(r+1)*(r+1)
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(y1,y2,y3):=(0,1,1)

(y1,y2):=(y1l+1,y2+2)
BEG: (y1,y2,y3):=(0,1,1); goto S1

S1: if (y3<=x) goto S2 else goto S4
S2: (y1,y2):=(y1+1,y2+2); goto S3

(y3):=(y3+y2) S3:  (y3):=(y3+y2); goto S1
S4: (r):=(y1); goto END
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pc=BEG — (y1,y2,y3,pc):=(0,1,1,51) pc=BEG
pc=S1IA(y3<=x) >  (pc):=(S2)
pc=S1A— (y3<=x) = (pc):=(S4)

pc=S2— (y1,y2,pc):=(y1+1,y2+2,S3)
pc=S3— (y3,pc):=(y3+y2,S1)
pc=S4— (r,pc):=(y1,END)

2 b AF(pc=END)

A IEH 1 AG(pc=END —> (x>=r*r A x<(r+1)*(r+1)))
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TR KA AR A
pc=BEG — (y1,y2,y3,pc):=(0,1,1,51) pc=BEGA
pc=S1IA(y3<=x) >  (pc):=(S2) x<=15 A
pc=S1A— (y3<=x) = (pc):=(S4) y1=0 A
pc=S2— (y1,y2,pc):=(y1+1,y2+2,S3) y2=0 A
pc=S3— (y3,pc):=(y3+y2,S1) y3=0 A
pc=S4— (r,pc):=(y1,END) r=0
2Bk AF(pc=END)

o IR E - AG(pc=END — (x>=r*r A x<(r+1)*(r+1)))
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verds -b -ck 1isqrt15.vvm
VERSION: verds 1.46 - JAN 2015
FILE: isqrtl5.vvm

INFO:  int=i0

PROPERTY: AG (! (pc=5)] ((x}(r*r))& (x<((r+1)*(r+1))))

check: 0

check: 1

check: 2

check: 3

check: 4

check: 5

check: 6

check: 7

check: 12

check: 13

CONCLUSION: TRUE

real 0m2.420s
user 0m1.659s
sys 0m0.755s

verds -b -ck 2 isqrt15.vvm
VERSION: verds 1.46 - JAN 2015
FILE: isqrtl5.vvm

INFO:  int=i0

PROPERTY: AF(pc=5)

check: 0

check: 13

check: 14

CONCLUSION: TRUE

real 0m2.230s
user 0m1.469s
sys 0mO0.744s
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verds -QBF -ck 1 isqrt15.vvm

VERSION: verds 1.46 - JAN 2015

FILE: isqrtl5.vvm

INFO:  int=i0

PROPERTY: AG (! (pc=5)] (x}(r*r )& (x<((r+21)*(r+1))))
INFO: applying an internal QBF-solver

check: 0

check: 1

check: 2

check: 3

check: 4

check: 5

check: 6

check: 7

check: 8

check: 9
check: 10
CONCLUSION: TRUE

real 0m4.369s
user 0m3.534s
sys 0m0.819s

verds -QBF -ck 2 isqrt15.vvm

VERSION: verds 1.46 - JAN 2015

FILE: isqrtl5.vvm

INFO:  int=i0

PROPERTY: AF(pc=5)

INFO:  applying an internal QBF-solver
check: 0

check: 8

check: 10
CONCLUSION: TRUE

real 0m2.617s
user 0m1.825s
sys 0mO0.770s
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verds -SAT-ck 1 isqrt15.vvm

VERSION: verds 1.46 - JAN 2015

FILE: isqrtl5.vvm

INFO:  int=i0

PROPERTY: AG (! (pc=5)] (x}(r*r )& (x<((r+21)*(r+1))))
INFO: applying an internal SAT-solver

check: 0

check: 1

check: 2

check: 3

check: 4

check: 5

check: 6

check: 7

check: 8

check: 9
check: 10
CONCLUSION: TRUE

real O0m3.935s
user 0m3.026s
sys 0m0.792s

verds -SAT-ck 2 isqrt15.vvm

VERSION: verds 1.46 - JAN 2015

FILE: isqrtl5.vvm

INFO:  int=i0

PROPERTY: AF(pc=5)

INFO:  applying an internal SAT-solver
check: 0

check: 8

check: 10
CONCLUSION: TRUE

real 0m2.531s
user 0m1.598s
sys 0m0.842s
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(y1,y2,y3):=(0,1,1)

(y1,y2):=(y1l+1,y2+2)
BEG: (y1,y2,y3):=(0,1,1); goto S1

S1: if (y3<=x) goto S2 else goto S4
S2: (y1,y2):=(y1+1,y2+2); goto S3

(y3):=(y3+y2) S3:  (y3):=(y3+y2); goto S1
S4: (r):=(y1); goto END
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pc=BEG — (y1,y2,y3,pc):=(0,1,1,51) pc=BEGA
pc=S1IA(y3<x) — (pc):=(S2) x<=15 A
pc=S1A— (y3<x) > (pc):=(S4) y1=0 A
pc=S2— (y1,y2,pc):=(y1+1,y2+2,S3) y2=0 A
pc=S3— (y3,pc):=(y3+y2,S1) y3=0 A
pc=S4— (r,pc):=(y1,END) r=0
2Bk AF(pc=END)

o IR E - AG(pc=END — (x>=r*r A x<(r+1)*(r+1)))
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verds -ck 1 isqrtl15a.vvm

VERSION: verds 1.46 - JAN 2015

FILE: isqrtl5a.vvm

INFO:  int=i0

PROPERTY: AG (! (pc=5)| ((x}(r*r ))& (x<((r+1)*(r+1)))))
check: 0

The property is false, preparing isqrt15a.cex ...
CONCLUSION: FALSE

verds -ck 2 isqrt15a.vvm
VERSION: verds 1.46 - JAN 2015
FILE: isqrtl5a.vvm

INFO: int=i0

PROPERTY: AF(pc=5)

check: 0

CONCLUSION: TRUE




Ml (isgrt15a.cex)

--- STATE O ---
pc =

X =1

yl =

y2 =0

y3 =

r =

--- TRANS 1 ---
--- STATE 1 ---
pc =1

X =1

yl =0

y2 =1

y3 =1

r =0

--- TRANS 3 ---
--- STATE 2 ---
pc =

X =1

yl =

y2 =1

y3 =

--- TRANS 6 ---

--- STATE 3 ---
pc =5

X =1

yl =0

y2 =1

y3 =1

r =0




{51 Ry

(y1,y2):=(y1l+1,y2+2)

(y3):=(y3+y2)

RT3y

(y1,y2,y3):=(0,1,1); goto S1

if (y3<=x) goto S2 else goto S4
(y1,y2):=(y1+1,y2+2); goto S3
(y3):=(y3+y2); goto S1
(r):=(y1); goto END
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x>=0

(y1,y2):=(y1l+1,y2+2)

(y3):=(y3+y2)

— 2 =2%y1+41

w1

X>=r¥*r A
x<(r+1)*(r+1)

yl*yl<=x A
y3 =(y1+1)*(y1+1)A

BEG: (y1,y2,y3):=(0,1,1); goto S1
S1: if (y3<=x) goto S2 else goto S4
S2: (y1,y2):=(y1+1,y2+2); goto S3
S3: (y3):=(y3+y2); goto S1

S4: (r):=(y1); goto END
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y1*yl<=x A y3=(y1+1)*(y1+1) A y2=2*y1+1
=2 (y3 <=x 2(y1+1)*(y1+1)<=x A
(y2+2)+y3=((y1+1)+1)*((y1+1)+1) A y2+42=2*(y1+1)+1)

y1*yl<=x A y3=(y1+1)*(y1+1) A y2=2*y1+1
2 (—y3<=x 2yl*yl<=x A x<(y1+1)*(y1+1))

x>=0
= 0*%0<=x A 1=(0+1)*(0+1) A 1=2*0+1
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{x>=0 } % Pre-Condition

v1:=0; y2:=1; y3:=1;
while (y3<=x) {

y1l:=(y1+1); y2 := (y2+2); Invariant

y3:=(y2+y3); VA

{y1*y1l<=xAy3=(y1+1)*(y1+1)A y2=2*y1+1}
}
{y1¥yl<=x A x<=(y1+1)*(y1+1) } ——

Post-Condition
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y3 <=X A y1*yl<=x A y3=(y1+1)*(y1+1) A y2=2%y1+1
=2 (y1+1)*(y1+1)<=x A
(y2+42)+y3=((y1+1)+1)*((y1+1)+1) A y2+2=2*(y1+1)+1

—y3<=x A y1*yl<=x A y3=(y1+1)*(y1+1) A y2=2%y1+1
=2 y1*yl<=x A x<(y1+1)*(y1+1)

x>=0
= 0*%0<=x A 1=(0+1)*(0+1) A 1=2*0+1
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W={0,1,2,...}

x>=0

w=(x=0)

y2>0 A ... ;

< t=(x+1-y3+y2)

(y1,y2):=(y1l+1,y2+2)
BEG: (y1,y2,y3):=(0,1,1); goto S1

S1: if (y3<=x) goto S2 else goto S4
S2: (y1,y2):=(y1+1,y2+2); goto S3
(y3):=(y3+y2) S3: (y3):=(y3+y2); goto S1

S4: (r):=(y1); goto END
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w={0,1,2,...} X>=r*r A
w=(x=>0) X<(r+1)*(r+1)

x>=0

y2>0 A y1*yl<=x A
y3 =(y1+1)*(y1+1)A

\ y2 =2*y1+1;

t = (x+1-y3+y2);

(y1,y2):=(y1l+1,y2+2)
BEG: (y1,y2,y3):=(0,1,1); goto S1

S1: if (y3<=x) goto S2 else goto S4
S2: (y1,y2):=(y1+1,y2+2); goto S3
(y3):=(y3+y2) S3: (y3):=(y3+y2); goto S1

S4: (r):=(y1); goto END
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v1:=0; y2:=1; y3:=1; | ZIHWFS

y1l:=(y1+1); y2 := (y2+2);
y3:=(y2+y3);

Ay2>0 ]

}
[ y1*yl<=x A x<=(y1+1)*(y1+1) ]

while (y3<=x) { { w=(x>=0); term=(x+1-y3+y2) }

[ y1*yl<=xAy3=(y1+1)*(y1+1)A y2=2%y1+1

—

[x>=0 ] ﬁ Pre-Condition

Invariant

e

Post-Condition
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V3 <=x AYy2>0 A ...... =2 (x+1-y3+y2>=0)

V3 <=X A ... AY2>0 A (X+1-y3+y2)=v

-2 (y1+1)*(y1+1)<=x A
(y2+2)+y3=((y1+1)+1)*((y1+1)+1) A y2+2=2*(y1+1)+1 A y2>0 A
(x+1-(y3+(y2+2)) +(y2+2)) < v

—y3<=xX A y1*yl<=x A y3=(y1+1)*(y1+1) A y2=2*y1+1 A y2>0
=2 y1*yl<=x A x<(y1+1)*(y1+1)

x>=0
-2 0*0<=x A 1=(0+1)*(0+1) A 1=2*0+1
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