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Lecture 8: correctness of computer code; PMI and WOP
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- correctness of computer code

- PMI and WOP
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CORRECTNESS OF COMPUTER CODE

We say a procedure/computer program/(algorithm) is correct if
[— ——

- It stops after a finite number of steps.,

- The output claimed to be produced by the algorithm is what is
promised.
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CORRECTNESS OF COMPUTER CODE
We say a procedure/computer program/(algorithm) is correct if

- It stops after a finite number of steps..

- The output claimed to be produced by the algorithm is what is
promised.

Wikipedia: In computer science, a [loop invariant is a property of a
program loop that is true before (and after) each iteration.

while Gy - —
It is a logical assertion, sometimes checked within the code by an
assertion call. Knowlg its invariant(s) is essential in understanding
the effect of a loop.

£ rakenaah
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CORRECTNESS OF COMPUTER CODE

Here is a fragment of slightly useless code.

i 3=
f_(ir('lnt 1;0; 1<10; i++)
J;,';

There is no output, but we will use this to illustrate loop Invariant.
Something that is true at the start, and remains true after each

iteration, so is true at the end also. v ) ') ) )
o\ 4 1
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e
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%
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CORRECTNESS OF COMPUTER CODE

Here is a fragment of slightly useless code.
LY SRS MU
int( i = 9 ,3
for(int i=0; i<10; i++)
J--;
There is no output, but we will use this to illustrate loop invariant.

Something that is true at the start, and remains true after each
iteration, so Is true at the end also.

. <0 brooy
A

Termination:
Loop invariant: LC] ‘3\ A o |
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CORRECTNESS OF COMPUTER CODE

Here is a fragment of slightly useless code.

int J = 9;
for(int 1i=0; i<10; i++)
J--3

There is no output, but we will use this to illustrate loop invariant.
Something that is true at the start, and remains true after each
iteration, so is true at the end also.

Termination:

Loop invariant: | +j = ﬂ\
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CORRECTNESS OF COMPUTER CODE

5

return (q,r)

input x,d positive integers; f-z’

q=0; 2

[r=x; (

while(r>=d) <= ~
r=r-d;

q++; 3

y

J

( v < & Chy shaagl ary
(0,%> .
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CORRECTNESS OF COMPUTER CODE y

Al ﬁ = 7/‘(",
input x,d positive 1integers; 1z V"DQ
q=0;
r=x; Aoy = N7
while(r>=d) v _od il A
I'=I‘-d; :q/&tﬂf
q++; =X

return (q,r)

DS
Termination: MQULU\SQ 4 b%m as p& o

Cuy e iy
Loopinvarianw - Rleiiai W
(g0 x=gdeg o
R \ ‘ - X
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EXAMPLE FROM WIKIPEDIA

AN
\/\al“"{'&
A\ N
ne
1 int max(int n,const int a[]) {
2 int m = 2&2&,
3 // m equals the maximum value in a[0...0] [ | .
4 int i = 1; \
5 while (i'l= n) {
6 // m ;qdals the maximum value in a[0...i-1],
7 ~ if (m < a[i]) /S
~ ¢ =% a
8 m = a[il; , an el
9 // m equals the maximum value in a[0...1]
10 ++i;
11 77am equals the maximum value in a[0...i-1]
12 }
13 // m equals the maximum value in a[0...i-1], and i==n

T e - @ M= (k-
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CORRECTNESS OF COMPUTER CODE '7(@:0/10303

Euclidean algorithm: a,b € Z. (for simplicity) and a # 0 vV b # 0.
fL/\/ ; d
The steps are:

1. Start with (a, b) such that a > b. (ie. put them in order).
2. While b #£ 0,
compute the remainder 0 < r < b of a divided by b.
seta=b,b = r(and thus a > b again).
3. Return a

—

\
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CORRECTNESS OF COMPUTER CODE
. \V\@W PN
Euclidean algorithm: ZZ(,E c Z. (for simplicity) and }z( £ 0 \/%;& 0.
The steps are: (o) = 3% b =y,

1. Start with (a, b) such that a > b. (ie. put them in order).
2. While b # 0, — szbw
compute the remainder 0 < r < b of a divided by b.
ta=b,b=r(and thus a > b again). ’ v
set a r (and thus a again) ,Fﬂelé Al a{l
3. Return a

Termination: /
e | () yllad) =gcding
Loop Invariant: [ i —

/ Trwe ar ?ﬁj}“ll\:"?ﬁ
040 VWI“EWF q/c—b ézy’lf Veod
SLXC“/B) >l =" T | J ?NS
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WOP AND PMI

More practice on loop invariants in the homework and worksheet.

~—~—

Finally, so far in this course, we have asked you to accept two “facts”
or axioms:

N lws a Mk

[QMV“

WOoP:  fuv s ronen™  (ulhel of

o £ PLDY 16 brue o (P ) PLet)) Ts Ly e

Mo~ P(p) 2 e Af”’{/t mé(‘\}.

Axiom: true without following from any other fact.
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WOP AND PMI

jreorem
implies PMI
@ 2 —

0.
G Zul/‘hflfl et eNe p(emdd et e e
yecumde [ wd
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WOP AND PMI
‘heorem
'mplies WOP
: >
Proof.

(yppree Wa®  Aoec ndr hold
Thet wennt Mg %xfsfg @ An—emyly
Sm\wd’ g C\— N\S Wl/L‘fC/lA D[@B,f _@/‘

Nat o f\NSb* Q/LQVV\@,A)@
— \[" Dm\& 9—2 A ;('KJ)/\ Q’I&AG/IE\A/J
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Next lecture: -c. p(k-(-l‘\ s hwe

e 0CR) = Pt

- Relations

5‘0 ‘-"QM b} pm I
- Functions PCC) s hwe Fa(.
- one-to-one a.“ { 6' (N
(o, ... i3I
- bijection ' § mNPL“




