Lecture 17 - April 6
Program Verification

Contracts of Loops: Invariant vs. Variant
Correctness of Loops



Announcements

e Lab4 released
e Exam guide released



Zo%mv\ Verdzatom
— Teduntrs - Sfmﬂe’/ > Ieoter

- Hope Tﬂ[;hz 183 S 4RS

(o wp et @For)-, o e,
oo &
A~~~
=4 J’ms'f:‘(?mmg = { - X Yejﬁiﬁe ® 4\ Hes elp
AN~ ~~——— [P a”dMI @ 5
¢ty le)

13

1l

A A S ~——



Lecture
Program Verification

Contracts of Loops
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Contracts of Loops
Syntax mpat ontpat

CONSTANT (* input 1ig#”*)
I(var_1list) == ...

V(var_list) == .. Runtime Checks

——algorithm MYZALGORITHM {

variables ‘ vigant_pre = 0, variant_post = 0 W Precondition
{ Pu m e Violation

assert O; ?’* Precondition x) S .
4 5 { l A Loop

Sinit
Invariant

assert I(...); established? =)
while( B ) { Violation

variant pre := V(...); > LI M?dld
. | / sl reantzaed

variant_post := V(...); ,'
N ‘VZOAV<V0"'
Jf” assert variant post\>=) —

assert variant_ variant_pre; : L .
DFW assert I(...);” (» Is LI preserved? *) . Sbody
} "
?asserto (* Postco yﬂxw to V<0vV>V|
s{ Md ed ’ W”Qf?{ Violation ".'
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” (1’ o
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Contracts of Loops: Example

I(i) == (g 1) /\

2 BV(i) ==(% - 1)
——algorit oop_invariant_test

variables(i =(1, variant_pre = 0, variant_post = 0;

. (DYM"‘O'

(1 <= 6)

Specification

e et & VT=|Y
assert I(i); B ®S 5 L'l
while (i <= 5] {

variant_pre := V(1i);
i =1+ 1;
variant_post := V(1i);

assert variant_post >= 0;
assert variant_ post < variant_pre;

assert I(i);
, coblesHd
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Assume: Q and R are tfrue

Runtime Checks

Precondition
Violation

Loop
Invariant
Violation

Postcondition
Violation

Loop
Variant

. .

...........

Violation




Contracts of Loops: Violations

(1
V(i) 6 — 1
variables i =
{
assert I(1i);
while (1 <= 5) {
variant_pre :=
i+ 1;

O©CoNOOOTRA~WN =

i :=

10 variant_post := V(1
11 assert variant_post
12

13 assert I(1);

14 h

15

L1 veed
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V(i);

%yct‘"\g

——algorithm Ioop invariant_ test
1, variant_pre

14

) ;
>= 0;

ok

variant: 5 - i
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aiolaton 7
invariant:'1 <= i <= 5 Wheh doofn 7

Specification

= 0, variant_post =

assert variant_ post < variant_pre;

5

V20AV<V, A

x Sbmwl

Assume: Q and R are true

Runtime Checks

Precondition
Violation

Loop
Invariant
Violation

Postcondition
Violation

Loop
Variant
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...........
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Violation




Contracts of Loops: Visualization <B
Previous state

Swct

Initialization Invariant [ Postcondition 7




Lecture
Program Verification

Correctness Proofs of Loops



Correct Loops: Proof Obligations

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

{10% Sut {15 [(@Smit

o Atthe end of Sbody, if not yet to exit, L/ | is maintained.

ARy ?, IS5 [07B) Sy (1

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

BAIL DA In-B=R

{Q} * A loop terminates if:
Sinit o Given LI I, and no ' aintains LV V as non-negative.
assert I(...); {
while( B ) { IAB} de)/ 'V’OS B} Seoay {V >0}
variant_pre :=(VJ. o Given LI/, an et to exit, Spoqy decrements LV V.
Sbody ‘{IA BS d { i {I A B} Sbody {V < Vo}
variant_post := V(.

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

{R}
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Correct Loops: Proof Obligations Example
<=7 A

1 _ <
> Specification (D-{ Tme 3 (= {L"g
3 §-—algorithm loep.invariant_test @ o k puhdﬁ
451 variables lvariant_pre = 0, variant_post = Of { l(t A ‘("’éb A i"( $. 3
{ - = -
6 assert I (i S‘f“ T:= |
7 while (i <= 5; { L
8 variant_pTe := V(1i); .{ lét A _LS
9 ‘i = 1 + 1;’
10 vVariant_post := V(1i);
1 assert variant post >= 0; * Aloop is partially correct if:
12 assert variant post < variant_pre; o_Given precondition Q, the initialization step Sj; establishes L/ /.
13 assert I(1i); {Q} St {1}
14
15 o At the end of Spoy, if Not yet to exit, L/ /is maintained.

| {/ 7 B} Spoay {1} |
@ If ready to exit and L/ / maintained, postcondition R is established.

@ 1¢TaTh A(T<=) > T
A loop terminates if:
@ { lé A L_b [\ z 4 g S L U"l { L “( 7/0-4@0 Given LI /, and not yet to exit, Spoqy maintains LV V as non-negative.

‘{//\ B} Spogy {V >0} \
@ tl. Ié /\ L ,\ '|" é gs [ A L{,l { b '\': @ Given LI I, and not yet to‘ i)/(i:\, :;odsyb:icgirrle‘r;zi ‘LV V.
< bv (’03
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