
Software Development Methods [Compiled on May 29, 2024] Spring 2024

Homework Assignment #5

Due Time/Date

11:59PM Tuesday, June 4, 2024. Late submission will be penalized by 20% for each working
day overdue.

How to Submit

Please use a word processor or scan hand-written answers to produce a single PDF file. Name
your file according to this pattern: “r127250xx-hw5”. Upload the PDF file to the NTU COOL
course site for Software Development Methods 2024. You may discuss the problems with others,
but copying answers is strictly forbidden.

Problems

This assignment contains several exercise problems for you to practice writing formal statements
in first-order logic. We assume the binding powers of the logical connectives decrease in this
order: ¬, {∀, ∃}, {∧, ∨}, →, ↔ (so that you may avoid using some parentheses).

1. (40 points) Consider the structure Z = (Z, {+,×, 0, 1, <}), i.e., the set of integers with
the usual arithmetic functions (+ and ×), constants (0 and 1), and predicates (<); “=”
is implicitly assumed to be a binary predicate.

(a) Let divides(a, b), or alternatively a | b, denote that a divides b. Write a formula
defining divides(a, b) (so, your formula will have a and b as free variables).

(b) Let isGCD(a, b, c) denote that c is the greatest common divisor of a and b. Write a
formula defining isGCD(a, b, c).

2. (20 %) The following C function originalEuclid implements the original Euclidean al-
gorithm. Please give a suitable function contract, namely the pre and post-conditions, for
originalEuclid, using either ACSL or the conventional logic notation. Use \result to
denote the value returned by a function. Let us assume that, for this problem, the type
int is the same as the set Z of integers. And, the formulae you will write are intended for
the semantic structure Z = (Z, {+,−,×, 0, 1, <}), same as in the previous problem; you
may reuse definitions from there.

int originalEuclid (int m, int n)

{ int x,y,tmp;

x = m;

y = n;

while (x!=y) {

if (x < y) {

tmp = x;

x = y;

y = tmp;

}
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x = x - y;

}

return x;

}

3. (40 %) Please examine the following C function sumofMM and give a suitable function
contract, namely the pre and post-conditions, for sumofMM, using either ACSL or the
conventional logic notation. Use \result to denote the value returned by a function. Be
careful that the function has made an implicit assumption about the size of the input
array (which means that you should put it in the precondition). You may omit the
condition concerning proper memory allocation for the input array and focus on what
the function does. Let us assume that, for this problem, the type int is the same as the
set Z of integers. The formulae you will write are intended for the semantic structure
Z = (Z, {a[ ],+,−, ∗, 0, 1, 2, <}); “=” is implicitly assumed to be a binary predicate as
usual.

int sumofMM (int* a, int n)

{ int min, max, i;

// Initialize min and max.

if (a[0] < a[1]) {

min = a[0];

max = a[1];

}

else {

min = a[1];

max = a[0];

}

// Divide the rest into pairs.

// Compare the smaller with min and the larger with max.

for (i=2; i<n; i=i+2)

if (a[i] < a[i+1]) {

if (a[i] < min)

min = a[i];

if (a[i+1] > max)

max = a[i+1];

}

else {

if (a[i+1] < min)

min = a[i+1];

if (a[i] > max)

max = a[i];

}

return min+max;

}
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