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Testing Terminology

Now that we've learned more about testing, we can summarize testing terminology:

Assertion testing: using assertions to test our code *t%f H/“Mry\ WJUJ—

1/0-driven testing: uses input and expiteg output %1{ M/;d’/
Testing harness: using input to call functions

White box testing: you can see the code being tested
Black box testing: you can not see the code being tested

Unit testing: testing one piece at a time
—_—

Sometimes the changes fix the original bug but introduce other bugs, breaking code that previously worked. In this case the code is said to have “regressed” (gotten worse).

Regression testing reruns all tests to check if everything still works (after a change to any part of the code) to ensure that changes made don't introduce new bugs.
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Statement A; @f M%ﬂé
if (exp) {
Code Block;
}
Statement Z;
dee 7
st Statement A;
if (expl) {
Code Block 1;
} else if (exp2) {
Code Block 2;
v } else {
|Code Block 1| ICode Block 2| ICode Block 3| Code Block 3;
}
v Statement Z;

<
[
Statement Z |«

Statement A

I Code Block
Statement Z

Statement A

I Code Block

update

Statement Z

V‘IZ/IA\10/ oo While

Statement A;
while (exp) {
Code Block;

}

Statement Z;

oY

Statement A;

for (setup; exp; update) {
Code Block;

}
Statement Z;

Statement A

Code Block

Statement Z

( 5%/(!& (/ﬁu?f’ )

%/: Tz %,2\

Statement A;
while (exp) {
Code Block;

}

Statement Z;




gﬁmfhz MLy S9N int recursive_sum(int k) {
(k <= @)
9;

k + recursive_sum(k

}

w&f&/ loo int iterative_sum(int k) {
f int s = 0;

@Lowhmmlm%hl revs oM int accsum(int k, int acc) {
(k 0) {

acc;

accsum(k - 1, k + acc);

}

int recursive_sum(int k){
accsum(k, 0);
}

M&Jk, | int iterative_sum(int k) {
f int acc Q;
(k > 0) {
acc k;
k3

acc;

int main(void) {
int i = 0;

printf("Do..while loop:\n");
do while

printf("%d\n", i);
i;
} (i >= 0);
printf("while loop:\n");

vhile

i = 5

5

(i>=0) {

printf("%d\n", i);
i;




int main(void) {
int i = 0;

V‘/hl‘le, lg}of p.)r'inEf("while loop:\n");
1 5
(¢! 0)|{
printf("%d\n", 1i);
i;
}\/\/\/
Y t\W printf("For loop:\n");
r (1 =5;|i 0;] --i) {

printf("%d\n", i);

}
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If you have a machine that uses 32-bit addresses, what is the maximum amount of RAM that can be addressed?
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@ 4GB (4,294,967,296 bytes, i.e. 232)
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Read-Only Data

Global Data
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struct posn
int Xx;
int y;

}s

—_—

bool posn_equal (struct posn a, struct posn b) {

(a.x b.x) (a.y b.y);
}

— ' —

int main(void) {

struct posn p = {1, 2}; Z\é’ﬂj é"L’V‘U»&t"/*M

struct posn new;p {5, 6};
p = new_p;

trace_int(p.x);
trace_int(p.y);

(posn_equal (p, new_p)) {
printf("The structures p and new p are equall!\n");

}

printf("“The value of p is (%d, %d)\n", p.x, p.y);
}

Code Output

The structures p and new_p are equal!
The value of p is (5, 6)

>>> [main. c|main|26] >> p.x => 5

>>> [main. ¢|main|27] >> p.y => 6
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int powd4(int j) {
printf("inside

int k = j * j; powd:
Snapshot @ j: 2 %ﬂﬂﬁe
®@ k:a ‘f;maf < é’/r;)%
} (:) return address:lggéégi_
int main(void) { main:
printf(“"inside main\n"); @ i:1
1"? 1 1; . . @ return address: 0S
printf("%d\n", powd(i + i)); —
int sum_first(int n) {
(n 0) { SN sum_first:
9; n: 0
{ return address: sum first:5
n + sum_first(n ; A\
sum_first:
n: 1

. . . return address: sum first:5
int main(void) { o A B

int a = sum_first(2);

sum_first:

n: 2 )Dﬁ
return address: main:10
A

main: /
a: (_‘???) j‘,‘zp

return address: 0S
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struct posn {

- B Studhur W‘% fe,mﬁ int x;

int y;
}s
x
. )4ﬁ k&&f@d C \ int main(void) {

struct posn my_posn = {0, 0};

/7‘“‘4’ ][FQM = L I by ) ‘fl’fu struct posn “ptr = Zmy_posn;

_ptr.x S5 )
ptr->y = 4; "afggf‘m.”

trace_int(ptr->x);
trace_int(ptr->y);
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void inc(int i) {

o+ inc:
} i \ 3 A
) s Ao = 8.

main:
X

5
rra oo
void inc(int *p) {

*p 4= 1 inc:
} p [ o]

int main(void) {
intx:/ P/a \.
inc(&x);

]
¥ .
main:
X
e—» 05

r/a
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Example 4.2.3: mutation side effects

"csl1l36.h"

ONOUVTHS WNBR

voidrswép({nt pk, inf pr) {””
assert(px); 0. .
assert(py); L‘j }/ﬁ.yus xP“z]%FyT(}MQLMNULL
int temp pX; —

px = “py; T

py = temp;

} 1) € volaa

int main(void) {
int a 3;
int b = 4;
trace_int(a);
trace_int(b);
swap(&a, &b);
trace_int(a);
trace_int(b);

Code Output

>>> [main. c|main|21] >> a => 3
>>> [main. c|main|22] >> b => 4
>>> [main. c|main|[24] >> a => 4
>>> |main. in|25] >> b => 3
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"cs136.h"

int “bad_idea(int n) {

int *ptr_to_max(int* a,
assert(a); S>>
assert(b);

(a b) {

int main(void) {
int x Bl
int y = 4;

int *p = ptr_to_max(&x, &y);
assert(p y);
printf("%p\n", bad_idea(13));

Code Output

Px7£05ca100060
pain. c:8:11: warning: address of stack memory associated with parameter 'n’ returned [-Wreturn—stack-address]
return &n; // NEVER do this

warning generated.

swap_posn:
void swap_int(int *i, pl
int temp it
i j; swap_posn:
j = temp; ol
} p2: Fdde
return addreMs: main:17
void swap_posn(struct posn
struct posn main: l{/
swap_int(&(p1->x), &(p2 pl: [addr 4]
.x=5
swap_int(&(p1->y), &(p2 Ly =4
} p2: [addx_{
.x=3
int main(void) { y=86
struct posn p1 = {3, 4}; return address: 0S

struct posn p2 = {5, 6};
swap_posn(&pl, &p2);

}

STACK
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int sum
int n 9;
(scanf("%d", &n) 1) {
sum n;

int read sumé\,/md) { / Fﬂj%j 7kﬂ ﬁfﬁ Ii

sum;

int main(void) {
printf("%d\n", read_sum());

14 - int readint(void) { /
15 int i Q;

16 int result = scanf("%d", &i);
17 (result 1) { — T
18 i;

19

20 READINT_FAIL;

21 }

int count_char(void) {
int count 0;
char c "\o0';
(scanf ("™ %c", &c) 1) {
count++; X

count;
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int *p; p can point at any mutable integer, you can modify the int (via *p)

const int *p; p can point at any integer, you can NOT modify the integer (via *p)

int * const p = &i; p always points at the integer i , i must be mutable and can be modified (via *p)
const int * const p = &i; p always points at the integer i, you can not modify i (via *p)

inpus

void io_apply(int (*f)(int)) {
assert(f); ~— — & —
int n 0;
(scanf("%d", &n) 1) {

printf("%d\n", f(n));
}
}

// sqr(i) calculate
int sqr(int i) {
i i;

}

int main(void) {
io_apply(sqr);
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Concept Check 5.1.4

2.0/2.0 points (graded)

Suppose we have developed a module containing functions that model sunlight reflecting off of moving water (like a river or stream). For each term choose the number for the statement below
that best illustrates an example of this term.

1. A client can use the module without understanding the physics used in the calculations

2. The module is well documented o ;ﬁl,; l b
)

—_—

3. The module is used in both video games and animated movies

4. Some functions in the module can be updated to execute more efficiently without changing the interface
Re-usability

5 v

Abstraction

v outside
Readability

2 MR

Maintainability

v

Show answer
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<stdio.h>
l‘ﬂt o (I\v* X )j - OLLUIGN\*‘\W "cs136-trace.h”

int g;
\ int main(void) {
|&t o (Jv* X ) % printf("%d\n", g);

- 0[*r2W5b¥V‘ ) trace_int(g);

75
// Declaration (odd.h):
bool is_odd(int number);
module.c @ - Add File
// Definition (odd.c):
bool is_odd(int number) {
return (number % 2 !'= 0);

}

¢stdio.h> <€
"cs136-trace.h” &—

TR=H .
13- int main(void) {
14 printf("%d\n", g);

15 }
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ovides the function assert
es the constants INT_MAX and INT_MIN
es the bool data type and the constants true and false

es the constant NULL and abs ()

,\aéwrw, 7[@6'\% g ”@waq p W“’"’\‘] D\ .~2>D

ﬁwmrnts G Comn i v

oty v B LG

-4

/Ofo\c]wc dmdure -

Low coupling

Wml.n[ ouil n Ao JW "oh Mmoo
12 J’m”{% m/tho‘LWf Wh»ffe«a

,\mmM]J@;&Q ”(L”(Wﬂﬁf\w\ . wlj F;Ws to Q%Vmu‘twﬁ @ LJ D(%ﬂ,%p‘
¥ wrr‘j o Oow\f(e?ﬁ@ af»/f?m‘h\m vff chmofire N C ]L‘/{
\Tmm}vmfnﬂiﬁ chuctnre : CJM% can QLS5 mw[ sl M‘thw{f

f"/t U’W'F/‘@i* of{hﬂ e #I’ Wu{wm Mmoo fl[e




-APT  Cabebmot D{Mv‘l]'w) 159 44
gﬂ;f— MJIWI[A MJ;/{ fav gl OLv\,J mccu,gr\ﬁ I{Wt'm %MVL w/’ww{%ns.

,mﬁfamd ve dotn shragt Ao
/‘rv»lfle,w W'%n D(Wh cbrdure,

&//wﬁm ‘ADT . An ADT O(ﬂ/‘}l‘]w.el “{7" 54707% an ﬁr}»f‘b’ﬁy mmlw rf :“fems.

~ A A Ao ke
. ,,[,‘DJ(.\QMC] ADT Lfan)re @'f Iﬁvs X vo/'wvs)

Jeofe v
st

remod

. s{wlp 75(9]

h
G
15— wiU

' ?‘Mu& ADT

odd_ ool

it _fVOWf

[Q‘/UVL 4@ (/(am,g XY m\ge



(/omzemi Ao s‘L’WM\?b L shmcfure X owm:)‘

/{wirm f7+VlAUl7U\P‘Q.« H/wvlf UaV\?l'm:]/\ “‘r/\x@{ mmler o‘f @l@mﬂ &}“ Lhmg 31/91

T & ,‘wu\Jrl‘o‘bawHM

wnr qu\n/LuJ d g, M—‘f//e}’
M.‘mfﬁf’{»u lw{ mnﬂérj e flu w{(q arbi troy n{mu ‘{;vw 9%«@# iﬁj}’v

gt DN

Gzl L\L]Jres . = t&i@/wg/»t * # e
VL -

"cs136-trace.h"

int main(void) {
int a[6] = {4, 8, 15, 16, 23, 42};

ONOUVT A WNBR

trace_ptr(a);
trace_ptr(&a);
trace_ptr(&a[9]);
trace_ptr(&a[1]);

trace_int(a[©@]); ,
trace_int(*a); v 0'{06514“1; L\O\VL

Code Output

>>> [main.c|main|9] >> a => 0x7f691b200026

>>> [main.c|main|10] >> &a => 0x7f691b200020
>>> [main.c|main|11] >> &a[0] => 0x7f691b200020
>>> [main.c|main|12] >> &a[l1] => 0x7f691b200024
>>> [main.c|main|14] >> a[0] => 4

>>> [main.c|main|15] >> *a => 4
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9
10
11
12
13
14
15
16
17
18
19
20
21
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int sum_array(
assert(a);
assert(len
int sum

int sum_array_old( int a[],
assert(a);
assert(len > 0);
int sum 9;
(int i = 0; i
sum ali];

}

sum;

| 544 444

int len) {

int len) {
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tample 6.3.5: Binary Search

N
2
n

- Add File

void quick_sort_range(int a[], int first, int last) {
assert(a);

(last first) <assert.h>
"csl36-trace.h"
int pivot = a[first];
int pos = last;

ONOUVTHA WNER

(int i = last; i > first;
(a[i] > pivot) {
swap(&a[pos], &a[il]); L :
pos; int find_sorted(int item, int len) {
} assert(a);
assert(len > 0);

swzjlp( a[first], a[po:::]); put pivot in cor place int low = ©;

qu}ck_sor‘t_r‘ange(a, first, pos - 1); int high en 1;

quick_sort_range(a, pos + 1, last); (low high) {

int mid = low + (high - low) 728
(a[mid] item) {
- len > © mid;
- s: modifies a } (a[mid] < item) {
void quick_sort(int a[], int len) { low = mid ig

assert(a);

assert(len > 0);

quick_sort_range(a, @, len - 1);

}

int main(void) {
int a[7] = {8, 6, 7, 5, 3, 0, 9};
print_array(a, 7);
quick_sort(a, 7); int main(void) {
print_array(a, 7); int a[1e] = {1, 2, 3, 5, 7, 11, 13, 17, 19, 23};

assert(find_sorted(1, a, 10) 9);
assert(find_sorted(13, a, 190) 6);
assert(find_sorted(23, a, 190) 9);
assert(find_sorted(8, a, 10) -1);

Code Output

, 6,
3

8 7
0, 3, 5

- O\/@vsn\wog Afﬁ:] C lew 2D

int arr[10] = {115, 116, 136, 245, 246};

Select the correct dropdown option.

printf ("%d”, arr([6]);

0 v

printf ("%d”, arr[0]);

115 v

printf ("%d”, arr[-11);

An error/warning or unexpected behaviour will occur due to invalid array index. v

printf ("%d”, arr[136]);

An error/warning or unexpected behaviour will occur due to invalid array index. v
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int max(int a, int b) {

(a > b) {

a;
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(i 1; i > i log n
printf("*"); ) 0(1) = O(logn
i=1

i:O(l) =0 (n)
i—1
ZO(n) = 0 (n?)
iO(z) = O (n?)
i=1

ZO(iQ) = 0 (n?)
Ty Jeor 2 OLI):OmJ)
\/.‘/’0

e LQT ; g' 0w 06Y= 0+ Ol OwnY

Y ouy {M%M int st(Jm_'Fir'sg(int n) { ). MO - UG gmpl-,,,é:
n 9) { _ -
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The recurrence relations we encounter in this course are:

T(n)=01)+T(n—k) =0(n)
T(n) =0 (n)+T(n—k) =0(n?)
T(n) =0 (n2) +T(n—k) =0(n*)
T(n)=0(1)+T () =0 (logn)
T(n) =0 (1) +ky*T (L) =0(n)
T(n)=0(n)+k*T () = O (nlogn)
T(n)=01)+T(n—k)+T(n—k,) =0(2")

where ki, k] > landky > 1
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Algorithm best case worst case

selection sort o (n2) o (n2) N “ _", _ .
insertion sort O (n) O (n?) 7/ ]7%’ \)%) O t l) - O Lia )
quick sort O (nlogn) O (n?)
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o= £ 00 = 0ty LR

void f4(int n) {
for’ (int i= 074 < n: i+=2) {

for (int j=n; j>0; j/=2) { v [mr?gou): OL(VM)

printf ("x”) ;
}
o n
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int my_strlen( char s[]) {
assert(s);
int len 9;
(s[len]) {

len;

len;

int my_strlen_ptr( s) {
assert(s);
char *p = s;
("p) {
Ps

(p - s);

int my_strcmp(

assert(sl);

assert(s2);

int i 9;

(s1[i] s2[i] s1[i]) {
e

1;

s1[i] s2[i];
}

int main(void) {
char a[] "the same?";
char b[] "the same?";
char c[] "the samejQuery22408322300989689644 1654783296792";
char *s a;

assert(a b);
assert(a s);

assert(my_strcmp(a, b)
assert(my_strcmp(a, c)
assert(my_strcmp(c, a)
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char *my_strcpy(char char *src) {
assert(dest);
assert(src);
char *d = dest;

("src) {

src;

d;

src;

"\e’;
dest;

}

int main(void) {
char a[] "cat";
char b[4] "dog";
my_strcpy(b, a);
trace_string(a);
trace_string(b);
assert(!strcmp(a, b));

LWHW W»eyf[ew ( overman) /Zvﬁjﬁ\ O{F&JE myymj
ho
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char *my_strcat(char *dest,
assert(dest);
assert(src);
strcpy(dest + strlen(dest), src);
dest;

}

int main(void) {
char a[] "cat";
char b[7] "dog";
my_strcat(b, a);
trace_string(a);
trace_string(b);
assert(!strcmp(b, "dogcat"));
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<stdlib.h>
<stdio.h>

struct posn {
int x;
int y;
};

ONOUVT A WN R

int *my_array = malloc(10 (int));
my_array[3]= 2;

printf(“the mystery value of my_array[@]: %d\n", my_array[3]); -
printf(“the mystery value of my_array[@]: %d\n", my_array[0]);

free(my_array);

struct posn *my_posn = malloc( (struct posn));

printf("the mystery values of my _posn: (%d,

free(my_posn);

Code Output

the mystery value of my_array[0]: 2 Jm}boxliL

the mystery value of my_array[0]: -1094795586

%d)\n", my_posn

the mystery values of my_posn: (-1094795586, -1094795586)

int main(void) {
int *arrl = malloc(10

int *arr2 = malloc(5

_ X
int main(void) { /Emj; * L\jt% V\/\“’V"‘)g Zﬁ éf/] sz%w(?

main: /// ////’£::::]
arrl *—
arr2 .\__,////
r/a o— P 0S
STACK HEAP

ym#w (§w% Gk ) x MW,MAX>
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struct llnode {
int item;
struct llnode *“next;

};

struct 1list {
struct llnode *front;

};

ONOUVT A WN R

struct bstnode {
int item;
struct bstnode *left;
struct bstnode “right;
int count;

R proy
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