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Volume 163, No. 1 (2000), in the article “Verification by Augmented Finitary Abstrac-
tion,” by Yonit Kesten and Amir Pnueli, pages 203-243, doi:10.1006/inco.2000.3000):
On page 213, line 24, replace the formua, < x(p) v x5, with the formulaxg, <
x(P) A X|/:]p'

On page 214, line 3, replaég, : f;1 A ~fzwith®, :u=0A fy A —f3.

On page 220, beginning of Section 6.2, replace “In the variotiswith “In the
previous...”

On page 223, lines 7, replace the formula
~@EV:Va=EV)ApV)) ARV : Va=E%(V) AQq(V)), with the formula
~3V:Vpa=E%(V) A p(V)VvaV :Vp=E%V)Aq(V).
On page 224, line 4 replace
a~(pAQ)isequivalenttar (p) Aa~(q) with
a”(pVQq)isequivalenttax™(p) v e (q).
On page 225, line 32, replace the formula
YV :Va=E%V) = p(V)AVV :Va=EYV) = VYV :Va=E%V) A p(V)
with the formula
YV 1 Va = EYV) = p(V) ATV i Va=EXV) — AV : Va = EXYV) A p(V).

On page 230, third paragraph of Section 7.2, replacef&ing monitoror a ranking
function. . .” with “a ranking monitorfor a ranking function. ..”

On page 241, beginning of Section 10, replace “We have presented a method or
verification. . 7 with “We have presented a method for verification.’. .
Replace Section 8.2 by the Section that follows:

8.2. A Characteristic Example

The whole construction will be illustrated by a single example. Consider the program
COND-TERM, presented in Fig. 13.

y: natural
z: {-1,1}
{y: while y > 0do

b z:=41
by: y:=y+zx

FIG. 13. ProgramconD-TERM.
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Statement; of this program nondeterministically assigns to variablene of the values
—1,1. Progranconp-TeErm does not always terminate. In particular, it will not terminate if
statement; always assigns tg the value 1. Consequently, the best we can claim for this
program is the property of conditional termination which can be specified by

Y oO0(X <0) - <oat ts.

This property states that if, from a certain point &remains negative, then the program
will terminate. It is not difficult to see that this property is valid for prograomp-Term.

Since prograntoNp-TERM iS @ sequential program, it is associated with no fairness re-
quirement. Therefore, step 2 which shifts the fairness requirements from the system to the
property is vacuous, and we have tiat =D andW¥ = .

Step 3 of the proof scheme constructs a temporal té@stgrwhich characterizes all the
sequences violating .

Following the construction described in Section 4, we obtairstisel,,, given by

V: mw:natural; x:{-=1,1}; f1, gy, f3:boolean; u:[0..3]

O-y: U=0A fy A3

fi < o v o] A
2 <« x<0 A g A
fa < at {3 \% fé A
case
u=20 i
Py Uu=1A(gv—f) :2;
U=]| u=2Ax>0vg) :3;
u=23A(atlzv —f3):0;
true u;
| esac ]
J: u=0

Step 4 of the construction forms the parallel compositioPef D~ andT_y to obtain the
combinedsps Bp,—v) =D || T-w. We claim that the systeilip —¢) has no computations.
Assume to the contrary, thatis a computation oB(p —v). To be a computationy must
contain infinitely many states in which= 0. According to the initial conditiont; is initially
true, while f3 is initially false. By the transition relation fof; and the condition for getting
out ofu =1, there must exist a positigr> 0 such that, = 1 at j. By the transition relation
for gy, it follows thatx < O for all positionsk > j. This means that, fromon, all executions
of statement, causey to decrease. Since a natural number cannot decrease infinitely many
times, the while loop of the program must terminate, and the execution must reach location
£3, which by f3=0, is impossible.

According to step 5, we should be able to identify an asseiawhich is an invariant
of Bip-,-w), and a progress measute Indeed, for our example, an appropriate invariant
assertion is

O (fiva)A—faA(U>1->p)A(Te(l,2) > y>0),

while a progress measure can be given by

case
02: (0,3y+ 2at o+ at_ty);
1: (1,0); ’

esac
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Byso: boolean

€z {”17 1}
[ F1,G2,F3: boolean
u: [0..3] where u =0
inc: {-1,0,1}
( 4y : while By, do 1 Jjustice u=0
compassion (inc < 0, inc > 0)
b z:=+1
case always do
z>0 : 1; I ( att(p-y) A
b Bpoi=| “Bpo: 0; [ case
1 {0,1}; e A G, i1
esac -Gy V oatf3: 0
L 63 . J Iincl — atvlo,l . —1 ;
By>0 -1 3
1 : 1
| esac |

FIG. 14. Programass-conD-TERM, the augmented abstracted version of progcanp-TErRM.

Itis not difficult to see that any transition taken frondestate is guaranteed not to increase
A. If such a transition leads to a state in whick- 0 thenA must decrease.

In step 6, we use the test&f;¢ and the progress measuteto construct the progress
monitor Mt A given by

Vw :{r : natural, x:{—1,1}, f;, g2, f3:boolean,u:[0..3],inc:{—1,0,1}}
Mra:i{l Om:u=0 pm:p-y AiNC =diff (A, A')
J:u=0 C:{(inc<0,inc>0)}

Next, we form the compositioP ||| Mt A, and then compute the abstraction mappingo
obtain a finitary mapping, we introduce a fresh Boolean varifle with the definition
By-o=(y > 0). Applying the abstractiomto D || Mt A, we obtain an abstracted finite-state
system equivalent to the program presented in Fig. 14.

The variables=;, G,, F3 are the abstract versions &f, g,, and f3, respectively. Note
that, likeD || Mt a, Systemass-conp-TERM is a parallel composition of three components,
the abstraction of progranono-Term, the abstraction of the testg,,, and the abstraction
of the monitor, taking into account its joint behavior with the other two components.

Clearly, the systemss-conp-TERM IS a finite-state system and satisfies the property

Y oO(x <0) —» cat ls.

To see thakss-conp-TERM satisfies the property, assume, to the contrary, that there exists
a computatiornr of aBs-cono-TErM Which satisfies>t (x < 0) but never reaches location
£3. In this case, the initial values df, and f3 must be 1 and 0, respectively. The justice
requirement with respect tocannot be satisfied in such a case, unipgventually assume
the value 1. Once this happemsgc is constantly—1 from this point on. This violates the
compassion requirement with respecirto. It follows thato cannot be a computation.
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