Lecture 22 - April 2
Program Verification
wp rule: Sequential Composition

Loop Invariant vs. Loop Variant
Correctness Conditions of Loops



Announcements/Reminders

e Exam guide released

e Some example questions to be released by April 7

e WrittenTest2 result released

® Lab4 released

e Bonus opportunity: Final Course Evaluation

e Office Hour this week: 3pm on Wed, Thu

e TA contact information (on-demand for labs) on eClass



wp_Calculation for Sequential Composition
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Correctness of Programs: Sequential Composition

Is {|True|} |tmp := x; x := y; y := tmpl{ x> y|} correct?
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Correctness of Loops
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Contracts of Loops

Syntax

CONSTANT ... (+ input 1ist %)

var_ll:st) == ... c“‘UP‘ l\l "

f .
ar_1ist) — .. ot o st Runtime Checks
——algorithm MYALGORITHM { r " P

variables ..., Ivariant_pre = O, variant_post = OI "@ F/'Nd Precondition
L Violation
assert Q; (*x Precondition =x) W
’ onte® j Sinit

S .
assert I(...);| (+ Is LT establlshed? x) /‘"’F
while( B ) {

A Loop
B V{ ] Invariant
Violation

| variant pre := V(...); ). , 1\’ ° . Elﬁ'
Shoay ’\I‘rgt r‘ A @/\ _@
|variant_post = V(...) ;| H K S e a T ) Postcondition
7. ’\! € N e Tl Violation
?9{ V20AV<V, B!

assert variant_post >= 0; : V
assert variant_post < variant_pre;

[assert I(...)} (* Is LI preserved? =) Sbodyl;{ﬂ‘ {\]7, p‘,og‘: .\)&‘\

V< Olv V=V, LO?P

}
asserth;l (* Postcondition =)

Variant
Violation




Contracts of Loops: Example

Assume: Q and R are tfrue

1)’2 Specification
4 kariant_pre = 0, variant_post = OI
5 { > -
6 assert T (i); e Mot rhf QF 317[("6
7 while (i <= 5) {
8 variant _pre := V(1) ;S A
o 2lii=1+1; |~ ""7,
10 variant_post := V(i);

assert variant_post >= 0;

12 assert variant_post < variant_pre;
13 assert I(1);

14 b5

15 }

end of iteration| i | 1
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Runtime Checks

Precondition
Violation

Loop
Invariant
Violation

Postcondition

K Violation
Vz=0AV<V, .
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Loop
Variant
Violation
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Contracts of Loops: Violations

O©CoNOOOTRA~WN =

{

I(i) ==
V(i) ==
——algorithm Ioop invariant_ test
variables i = 1,

(1 <= 1) /\

6 - 1

(i <= 6)

variant_pre

assert I(1i);

while (i <= 5) {
variant_pre := V(1i);
i =1+ 1;

variant_post := V(1i);
assert variant_post >= 0;

0,

Specification

Assume: Q and R are true

variant_post

assert variant_ post < variant_pre;

assert I(i);

invariant: 1 <= i <=5

variant: 5 - i

V20AV<V, A

x Sbmwl

Runtime Checks

Precondition
Violation

Loop
Invariant
Violation

Postcondition
Violation

Loop
Variant
Violation
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Contracts of Loops: Visualization
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Correct Loops: Proof Obligations

e Aloop is partially correct if:
o Given {recondition Q, the initialization step S;,; establishes L/ |.

Q\E mef { ng

o At the end of Spogy, if Not yet to exit, L/ / is maintained.

RY Swdy $ T3

o If ready to exit and L/ | maintained, postcondition R is established.

BALL 5 K
{Q} * A loop terminates if:

Sinit e 10 o Given L/ /, and not yet to exit,maintains Lb@as non-negative.
assert I(...); r 3
while( B ) { ‘E\ZI A BS S‘wp‘y { /\/7/05

variant_pre := V(...); o Given LI I, and not yet to exit, Spoq, decrements LV4V/.
Sbody é I A B 3 S M { £ 3
variant_post := V(...); i )/ 'V 7

assert variant_post >= 0;
assert variant_post < variant_pre;
assert I(...);

{R}



Correct Loops: Proof Obligations Example

1 (1 <= 1) /\ (i <= 6) H H

v - — Specification

3 §--algorithm Ioo nvariant_test

4 variables 1 = variant_pre = 0, variant_post = 0;

5 {

6 assert I(1i);

7 while (i <= 5) {

8 variant_pre := V(i);

9 i:=1+ 1;

10 variant_post := V(1);

11 assert variant_post >= 0,‘ ° Aloop is partiallycon’ect |f

}:23 asser: ve(zr)iant_post < variant pre; o Given precondition Q. the initialization step S;;; establishe
assert I(i); - e -, =

14 / 1603 Jort 121 Tuel 12| § €24 XA

15 o At the end of Speqy, If NOt yet to exit, LI I is maintained.

o If ready to exit and L/ I maintained, postcondition R is established.

e A loop terminates if:
o Given LI I, and not yet to exit, Spoq, maintains LV V as non-negative.

o Given LI /, and not yet to exit, Spoqy decrements LV V.
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