Lecture 11: C part IV

S
uggested Literature

~ Fourth dition

ni
junior C developer




RECAP: Global Variables

Global variables are evil (sometimes unavoidable evil!)

// source:
// https://www.geeksforgeeks.org/global-variables-in-c/

int a, b; // global variables

void add()

{
printf("%d", a + b);

main()

10;




RECAP: Switch statements (w/

sinclude <stdio.h>

int main()
{
enum day {
sunday,
monday ,
tuesday,

wednesday, whovian@phy504:~/host/C$ gcc enum2.c -o enumZ

thursday,

friday, whovian@phy504:~/host/C$ ./enum2

. Satunddy Today is Wednesday

enum day e = wednesday;

switch (e)
{

case sunday:

{

printf("Today is Sunday\n");
break;

}

case monday:

{
printf("Today is Monday\n");
break;

}

case tuesday:

{
printf("Today is Tuesday\n");
break;

ks

case wednesday:




RECAP: in C

#include <stdio.h>

#include <math.h> allows C tO dO
Object Oriented Program

double distance (Point pl, Point p2)

> diffx = pl.x - p2.x; C_I__l_ Will take tO

dlffy = pl.y - p2.y;

return sqr't (diffx * diffx + diffy * diffy); an()ther level Wlth

W, Classes

I whovian@phy504:~/host$ gcc struct.c -o struct -1m
pl.x = 0.0; whovian@phy504:~/host$ ./struct

RS P1 = (0.00, 1.00)

Point p2; P2 = (1.00, 0.00)

p2ix{=31%0;

p2.y = 0.0; IP1-P2| = 1.4142

printf(GPIY=1(% 2 3% 2 )\n X p1* XA p1%y);
printf(QP2{=1(%>2f X 2f)\n A2 XA p22y);
printf("IP1-P2]1 = %.4f \n", distance(pl, p2));



RECAP: in C

#include <stdio.h>

#include <string.h>

} Date;

ef struct

char name[100];

works like any type.
e o For example, you can
make arrays

void print_date(Date x)

{

I

printf("Name: %s, Birthday: %.2d-%2d-%4d\n",|
X.name, x.month, x.day, x.year);

PS: why not

int main O

{

Date birthdays[2]; .
strcpy(birthdays[@].name, "Vivian Miranda");

D o array type 1s not assignable

birthdays[@].year = 1986;

strcpy(birthdays[1].name, "Taylor Swift");

birthdays[1].day = 13; .

birthdays[1].month = 12; whovian@phy504:~/host$ gcc structZ2.c -o struct?
birthdays[1].year = 1989;

whovian@phy504:~/host$ ./struct?2
print_date(birthdays[0]); Name: Vivian Miranda, Birthday: 02-28-1986

print_date(birthdays[1]);

Name: Taylor Swift, Birthday: 12-13-1989


https://stackoverflow.com/a/37225315/2472169

RECAP: Memory mapping

Mapping 1s written in Hexadecimals

OxNum 1mplies Num 1s in Hexadecimal

whovian@phy504:~/host/C$ gcc pointersl.c -o pointers
whovian@phy504:~/host/C$ ./pointers
x = 10

The value of pointer y = 10
The address of x = 0x400180539c
The address of y = 0x400180539c

0,1,2,3,4,5,6,7,8,9,A,B,C,D,E, F

convenience: nums shorter and easy to convert to binary

Conversion from [0-F] to binary takes 4 bits
Therefore, 0xE2 =14 * 16 +2 =1110 0010 (binary)

E 2



RECAP: Pointers

Pointers keep track of the value of the variable 1t points to

=include <stdio.h>
whovian@phy504:~/host/C$ gcc pointers3.c -o pointers3

whovian@phy504:~/host/C$ ./pointers3
X = 0x4001805398
y = 0x4001805398

0x400180539c

How?

| | copies th e
pr'lntf("x = %p\n", (void*) &X); address in

printfC"y = ¥p\n", (void*) y);
orintf("z = %p\n", (void*) &z); RUSOWARIY: the
value




sinclude <stdio.h>

Pointers

— e VaVallal o  + P L
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1 | whovian@phy504:~/host/C$ gcc pointers5.c -o pointerss
It nawe[1®Q]mmovian@phy5®4:~/host/C$ ./pointers5
- day; Name: Vivian Miranda, Birthday: 02-28-1986

S:Q:b; Name: Vivian Miranda, Birthday: 02-28-1986

~lA A
{ |

N
in-
-
N
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} Daée; .
The same logic

vold print_date(Date x) applies to structs

{ pesey

printf("Name: %s, Birthday: %.2d-%2d-%4d\n",} . .

X.name, x.month, x.day, x.year); Pomter pOlIlt to the
memory location

i @D @ of the

Date test = {"Vivian Miranda", 28, 02, 1986}; ThlS iS important
LI SOEECtEsty for optimization
Date* ptr = &test; Copying structs
print_date(*ptr); .
can be expensive




Pointers

#include <stdio.h> whovian@phy504:~/host/C$ gcc pointers6.c -o pointerse
whovian@phy504:~/host/C$ ./pointers6
f@struct Name: Vivian Miranda, Birthday: 02-28-1986

char name[1@®];
int day; . .
int month; rITllS >

int year;

} Date; important

void print_date(Date* x) ji)r

d .. .
printf("Name: %s, Birthday: %.2d-%2d-%4d\n" optimization

X->name, x->month, x->day, x->year);

} Copying

int main O structs can
{

Date test = {"Vivian Miranda", 28, 02, 1986}; be eXpenSIVG
print_date(&test);




#include <stdio.h>

typedef struct POinterS

{
char name[100];

int day;

P ronth: whovian@phy504:~/host/C$ gcc pointers7.c -o pointers?
int year; whovian@phy504:~/host/C$ ./pointers?
} Date; Name: Vivian Miranda, Birthday: 02-28-1986

jtmd testl(Date x) Name: Vivian Miranda, Birthday: 02-28-2000
X.year = 2000;

}

void test2(Date* x)
{

ceoyear - 2000 Passing the address
void print_date(Date* x) by Value allow

}

{
printf("Name: %s, Birthday: %.2d-%2d-%4d\n", [

} x->name, x->month, x->day, x->year); funCtiOnS tO mOdify
nt nain O the content of 1ts

Date test = {"Vivian Miranda", 28, 02, 1986};

testl(test); t
print_date(&test); argumen S
test2(&test);

print_date(&test);




include <stdio.h>

Pointers
Passing the address by

void test(int* const ptr)

*ptr =

// Assigning ptr to point to another value allow functions
// address 1s not allowed. Example to modlfy the content
of 1ts arguments

// ptr = NULL; // not allowed!!!

Lnt main ()

This can be good or bad
int x = 4;

1nt* const y = &x; HOW dO WC pl‘event
printf("x = %d\n", x); ‘0

printf("&x = %p\n", (void tlllS.

rintf(" =% \n", (Wﬂiﬂ
i e const correctness

tESt(y) . whovian@phy504:~/host/C$ gcc pointers8.c -o pointers8
) whovian@phy504:~/host/C$ ./pointers8

printf("x = %d\n", x); .
printf("&x = ¥p\n", (void*) &x); 3x = 0x40018053%c

. : y = 0x400180539c

rintf(" y = ¥%p\n", (void*) y); x-=1
# Y P 4 Y &x = 0x400180539c
y = 0x400180539c




void test(const int* ptr)

{

ptr = &z;

// Assigning (*ptr) to another
// value is not allowed. Example
// *ptr = 1; // not allowed!!!

// However since ptr was passed
// by value, the change will notj
// propagate outside the function

printf(" ptr = %p\n", (void*) ptr);

1Nt X{=
const int* y = &x;

printf("x = %d\n", x);

printf("&x = ¥p\n", (void*) &x);
printf(" y = ¥p\n", (void*) y);

test(y);

printf(gx{=1%d\ng¥Xx);
printf("&x = ¥p\n", (void*) &x);
printf(" y = %p\n", (void*) y);
printf("&z = ¥p\n", (void*) &z);

Pointers

whovian@phy504:~/host/C$ gcc pointers9.c -o pointers9
whovian@phy504:~/host/C$ ./pointers9
X =4
&x = 0x400180539c

y = 0x400180539c

ptr = 0x4000002004
X =4
&x = 0x400180539c

y = 0x400180539c
&z = 0x4000002004

Passing the address by value

allow functions to modify the

content of 1ts arguments (but
not the pointer itself)

What if we need to modify the
pointer 1tself? We need pointer
of pointers!




Pointers — Common Mistakes Part 1
##include <stdio.h>

int main()

1

The problem here 1s that
int* pl, p2; p2 1s an integer!

int n = 30; How to fix that?

&n;
&n; // error

whovian@phy504:~/host/Lecturell$ gcc pl.c -o pl
pl.c: In function ‘main’:

9 | p2 = &n; // error
] A




Pointers — Common Mistakes Part 1

include <stdio.h>

int mainQ)
{ Eypedef. ine* | ptr; An even better solution
ptr pl, pZ; UusScC
D So elegant.,

&n;
&n; // perfection

whovian@phy504:~/host/Lecturell$ gcc p2.c -o p2

whovian@phy504:~/host/Lecturell$ I



Pointers — Common Mistakes Part 11

include <stdio.h>

Unutilized pointer =
memory/access violation.

1nt main()

{
Lnt* pl; . .
e ey Compiler only catches 1t

SRRV When the .c 1s compiled with
| additional flags (use them!)

whovian@phy504:~/host/Lecturell$ gcc --pedantic -Wall p3.c -o p3
p3.c: In function ‘main’:

o | int n = *pl; // Error on debug builds
| A
p3.c:5:10: note: ‘pl’ was declared here

5 | int* pl; // pl can point to any location in memory
| Am

whovian@phy504:~/host/Lecturell$ gcc p3.c -o p3
whovian@phy504:~/host/Lecturell$ ./p3
-1423263951



Pointers — Common Mistakes Part 11

The problem with memory violation is that the
compiler may not catch 1t, and the program may run'

// pl can point to any location i1n memory
// memory violation!

printf("%d\n", n); // access violation on release builds
return 0;

WIIEN‘VIIII'IISE IINIIEHNEII BEIIIWIIIIIII
' o
¢ af

whovian@phy504:~/host/Lecturell$ nano p4.c .
whovian@phy504:~/host/Lecturell$ gcc p4.c -o p4
whovian@phy504:~/host/Lecturell$ ./p4

2

ANDYOUR CODEWORKS AS EXPECTED
-




Pointers — Common Mistakes Part 111

The problem with memory violation is that the
compiler may not catch 1t, and the program may run!

include <stdio.h>

int main(Q)

{

int* pl; // pl can point to any location in memory

for(int i=0; i<100; i++) .
{ i EII 0u; IISHINIIEFINEII BEIIIWIIIIIII

-

}

*(pl+1) = 13 // 1nsane memory violation! )C*‘égkﬂl

int n = *(pl+99); : ‘ -
printf("%d\n", n); AND YOUR CODEWORKS AS EXPECTED -

N t o @ ; VI]II HMIE BEENVISITED BY THE | Illlﬁﬁl] OF
ﬂlNﬂEHHED BEIIIWII]II 1% '/

whovian@phy504:~/host/Lecturell$ nano p5.c
whovian@phy504:~/host/Lecturell$ gcc p5.c -o p5
whovian@phy504:~/host/Lecturell$ ./p5

929




Pointers — Common Mistakes Part 111

But at some point, you will run out of luck!

include <stdio.h>

1nt main()

{

int* pl; // pl can point to any location in memory

for(int 1=0; 1<1000; 1i++) VOUIWILENCOUNTER{WITH
{ SEGERULTS?

*(pl+1) = 1; // 1nsane memory violation!

¥

int n = *(pl+99);
printf("%d\n", n);
return 0;

whovian@phy504:~/host/Lecturell$ gcc p6.c -o pb6
whovian@phy504:~/host/Lecturell$ ./p6

gemu: uncaught target signal 11 (Segmentation fault) - core dumped
Segmentation fault




Pointers — Common Mistakes Part IV

include <stdio.h>

int main) A pointer to an

{ uninitialized variable
int *pl; . .
int m: will print garbage

= &; // init pointer with an (can be hard to track
// uninitialized variable

int n = *pl; in a large code)

printf("%d\n", n);
. whovian@phy504:~/host/Lecture11$ gcc --pedantic -Wall p7.c -o p7
peus 0’ p7.c: In function ‘main
p7.c:9:9: warning: ‘m’
9 | int n = *pl;
voulu‘nu: BEEN VISITED BY THEDOGGO OF | A
: p7.c:6:9: note: ‘m’ declared here
o6 | int m;
| A
whovian@hy504:~/host/Lecturell$ ./p7
-1423122528
whovian@hy504:~/host/Lecturell$ gcc p7.c -o p7
whovian@hy504:~/host/Lecturell$ ./p7
-1423122528




Pointers — Common Mistakes Part V

#include <stdio.h>

The order of 1S
int main(Q) opposite of intended and result
{ . . .

int *pi: In memory access violation

int m = 100; *First deference operator
pl = &m;
*pl++: // ERROR *Second, add one to the

pointer address (remember:
location 1s a hex number)

€6-1-99

printf("%d\n", *pl);
printf("%d\n", m);

return @ whovian@phy504: ~/host/Lecture11$ gcc --pedantic -Wall p8.c -o p8
p8 c: In Functlon ‘main’
8 l *pl++; // ERROR:
| A
whovian@phy504:~/host/Lecturell$ ./p8
-1423264768

100



Dynamically allocated memory

Int a[10];

Int* a = (int*)malloc(10*sizeof(int));

N




Why do we need malloc?

Malloc allows programs to access a large pool of memory:

Without , we only have access to stack automatic
memory (fast but small)

Stacr

#include<stdio.h>
#include<stdlib.h>
int main()

{

int a; // goes on stack

intt *ps

iJeaﬁo

p = (int*)malloc(sizeof(in®));

*p = 10;

Mave)

[+

free(p);
p = (int*)malloc(20*sizeof(int));

Ghoball

Applications

4o0

200

so

vwv e W\O\’a,

Static/Global

Code (Text)

} i




How to generate a stack overtlow? Part I

This function calls itself infinite times.
1nt foo()

{

Generates a stack overtflow when
compiled with -O1.

return foo();

Excessive deep or infinite recursion
generates a stack overflow.

However, -O2 does NOT create a stack
£00(): overflow (code just runs forever). Why?

int main()

{

-O2 enables —foptimize-sibling-calls that

converts recursive calls into loops

whovian@phy504:~/host/Lecturell$ gcc -01 so.c -0 so
whovian@phy504:~/host/Lecturell$ ./so

gemu: uncaught target signal 11 (Segmentation fault) - core dumped
Segmentation fault

whovian@phy504:~/host/Lecturell$ gcc -01 -foptimize-sibling-calls so.c -0 so
whovian@phy504:~/host/Lecturell$ ./so




How to generate a stack overflow? Part 11

#include <stdio.h>

fiomg Lt mypowC bena lint base! Generates a stack overflow when

long int exp) { compiled with -O1.
1f (exp > 0)

return base* Excessive deep or infinite

mypow(base, exp - 1); .
else recursion generates a stack

} return 1; overflow.

However, -O2 does NOT create a

{ stack overflow. Why?
printf("%ld\n",

mypow(1, 120000000)); —foptimize-sibling-calls

1nt main(Q)

whovian@phy504:~/host/Lecturell$ gcc -01 so2.c -0 so2
whovian@phy504:~/host/Lecturell$ ./so2

gemu: uncaught target signal 11 (Segmentation fault) - core dumped
Segmentation fault

whovian@phy504:~/host/Lecturell$ gcc -01 -foptimize-sibling-calls so2.c -0 so2
whovian@phy504:~/host/Lecturell$ ./so2

1




How to generate a stack overtlow? Part 111
Stack size 1s ~8 Megabytes of memory. How do I know that?

whovian@phy504:~/host/Lecturell$ ulimit -a
real-time non-blocking time (microseconds, -R) unlimited
core file size (blocks, -c) 0

data seg size (kbytes, -d) unlimited
scheduling priority (-e) 0

file size (blocks, -f) unlimited
pending signals (-1) 31323

max locked memory (kbytes, -1) unlimited
max memory size (kbytes, -m) unlimited
open files (-n) 1048576
pipe size (512 bytes, -p) 8

POSIX message queues (bytes, -q) 819200
real-time priority (-r) 0

stack size (kbytes, -s) 8192

cpu time (seconds, -t) unlimited
max user processes (-u) unlimited
virtual memory (kbytes, -v) unlimited
file locks (-x) unlimited




How to generate a stack overflow? Part 111
Stack size 1s ~8 Megabytes of memory.

1nt foo()
{

So, let’s create an array with more
double x[1048576]; than 8 Megabytes.

return 1; Given that double is 8 bytes. We

need an array ~1076 elements
WHEN YOU ARE LEARNING TO enni.

5 ‘r -‘

h

1nt main()

{
foo();

return 0;

}ANII FINAllYlIINIlEIISTANIl
WHY ITS CALLED STAGI(II\IEIII’[(IW

whovian@hy504:~/host/Lecturell$ gcc so3.c -o so3
whovian@phy504:~/host/Lecturell$ ./so3

gemu: uncaught target signal 11 (Segmentation fault) - core dumped
Segmentation fault



#include <stdio.h>

#include <stdlib.h> Dynamically

int main )

| {

allocated
constiintiszi=310;
double* x = (double*) malloc(sz*sizeof(double)); memory

1f (x == NULL)

{ .
printf("Error in memory: memory exhaustion \n"); pI'OVldeS
ex1it(1l);

) memory but does

Eor(mt i=0; i<sz; i++) not 1nitialize

, DIk NULL array values

for(int 1=0; 1<sz; 1++)

‘ can’t forget to

printf("x[%d] = %0.2f\n", 1, x[1]);
) the memory
// dynamically allocated memory 'i.S per'sistent whovian@lphy5®4:~/host/Phy5®4Docker‘/C$ ./pointersl2
// 1t only deallocates when either the programigg:?gg
// ends or when you free the pointers x[2] = 2.00

free(x);

return 0;




Dynamically allocated memory

n1nclude <stdio.h>
#include <stdlib' h> malloc calloc

([} * .
int main O void prOVldeS
{

constiintiszi=110; mem()ry but dOCS
double* x = (double*) calloc(sz, sizeof(double)); n()t 1n1tlahze array
1A (x¥==INULL)

{ values

printf("Error in memory: memory exhaustion \n");

exit(1); does 1nit

) the array to zero

for(int 1=0; 1i<sz; 1++)
{

// ok because calloc init all vars to zero and

printf("x[%d] = %0.2f\n", 1, x[1]); .
y have different

// dynamically allocated memory is persistent arguments (1 X 2)
// 1t only deallocates when either the program

// ends or when you free the pointers
free(x);

Don’t forget to
free the memory

return 0;




Memory leak with
#include <stdi(?.h> MEM“BY I_EAKS

#include <stdlib.h>
J

#include <unistd.h> ‘
main () YII.EAKS
- Z@@@@@@@@; E“EBYWHERE makeameme.org
// DANGEROUS CODE - THIS WILL CRASH YOUR PC(C!
for( 1=0; 1<50; 1++)
{
* x = ( *) malloc(sz* ));
1f (x == NULL)
{

printf("Error in memory: memory exhaustion \n");
ex1t(l);

by
x[0] =
sleep(l);
X = NULL; // reference to the memory lost but
// the memory continues to be allocated

0,
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Pointers — Common Mistakes Part VI

include <stdio.h>
#include <stdlib.h>

, , You are not allowed
1nt main()

g to free variables that
int* pl; are defined on the
tnt m = 100; stack memory!

pl = &m;
free(pl); // dont free stack!

r1€3{:LJr1r1 Q); whovian@phy504:~/host/Lecturell$ gcc --pedantic -Wall p9.c -o p9
p9.c: In function ‘main’:
p9.c:9:3:
9 |
I
p9.c:7:7: note: declared here
71  int m = 100;
| A
whovian@hy504:~/host/Lecturell$ ./p9
free(): 1invalid pointer
gemu: uncaught target signal 6 (Aborted) - core dumped
Aborted




Pointers — Common Mistakes Part VII

#include <stdio.h>

#include <stdlib.h>
You can't access a stored

value once you have freed a

int* pl = , _ pointer!
(int*) malloc(sizeof(int));

*pl = 99; That 1s memory corruption.

1nt main()

{

free(pl);

" whovian@phy504:~/host/Lecturell$ gcc pl@.c -o pl@
pl = 100; // BAD whovian@phy504:~/host/Lecturell$ ./pl0
printf("%d\n", (*pl));100 _
Q- whovian@phy504:~/host/Lecturell$ gcc --pedantic -Wall pl@.c -o pl@
return ’ pl@.c: In function ‘main’:

[YOUHAVEBEENVISITED BY THE DOGGO

 §« JZ0\UNDEFINED BEHAVIOR))S | ! I

E™ 'S ’ pl@.c:10:3: note: call to ‘free’ here
\ . 10 | free(pl);

11 | *pl = 100; // BAD
1 e
pl@.c:10:3: note: call to ‘free’ here
10 | free(pl);




Pointers — Common Mistakes Part VIII

#include <stdio.h>

#include <stdlib.h> You can’t deallocate

2x memory allocated

1nt main(Q)

{ 1 1 !
int* p = (int*) malloc(1@*sizeof(int)); Wlth d Sll’lgle )

0] = 1; .
EE& - 2; That 1s memory

free(p); // first free .
free(p); // double free COI‘I’llpthl'l.

return 0; whovian@phy504:~/host/Lecturell$ gcc --pedantic -Wall pll.c -o pll
pll.c: In function ‘main’:

pll.c:11:3: note: call to ‘free’ here
11 | free(p); // first free

whovian@phy504:~/host/Lecturell$ ./pll
mm free(): double free detected in tcache 2

gemu: uncaught target signal © (Aborted) - core dumped
Aborted

y # s
87 N
. “ITHAVE SPOKEN,




Pointers — Common Mistakes Part IX

#include <stdio.h>
#include <stdlib.h>

i{nt mainQ) Using pointer

const char arr[] = "hello"; and UusSc
const char *cp = arr;

type) to

printf("Size of arr %d\n", (int) sizeof(arr));

determine the
printf("Size of *cp %d\n", (int) sizeof(*cp)); s1ze of an array

return 0;

whovian@phy504:~/host/Lecturell$ nano pl2.c
whovian@phy504:~/host/Lecturell$ gcc pl2.c -o pl2
whovian@phy504:~/host/Lecturell$ ./pl2

Size of arr ©

Size of *cp 1




#include <stdlib.h>
#include <stdio.h>

* FO

1 = 42;
&1;

*f = FQO;

* g =060;
printf("f = %i1\n",
0;

¥

Homework I

Is this a healthy bug-free
code?

If not, explain why and
the output from



Homework 11

* Multiple Enumerated Types. Write a program or programs to answer each
of the following questions:
1. What happens if you try to reuse the name of a value within a single
enumerated type?

2. What happens if you try to reuse the name of a value across
enumerated types?

3. What does the compiler report if you try to assign a value from one
enumerated type to a variable of another enumerated type?

4. What happens if you try to give two values the same name in a single
enumerated type?

* What do you expect the value of a to be after the following series of
commands?
b=35;a=++b - ++b;
 What do you expect the value of a to be after the following series of
commands?

b=135;a=bt++-bt++;



Homework 111

For questions 7 through 9, assume that P and Q are pointers of the same type, and that each has been assigned a value.

7. What comparison would reliably decide if P and Q have targets with the same value?
1) P == 4) All of them 7) 2 and 3 only
2) *P == *Q 5) 1and?2 only 8) None of these
3) &P == &Q 6) 1 and 3 only

8. What comparison would reliably decide if P and Q have the same target?
1) == 4) All of them 7) 2 and 3 only
2) *P == *Q 5) 1and?2 only 8) None of these
3) &P == &Q 6) 1 and 3 only

9. What comparison would reliably decide if P and Q have the same value?
1) P == 4) All of them 7) 2and 3 only
2) *P == *Q 5) 1and?2 only 8) None of these
3) &P == &Q 6) 1 and 3 only




Homework 1V

For the next four questions, consider implementing the function to calculate the average temperature. The for loop is
required to be implemented using pointers to access elements rather than direct array indexing,

double Average(const int* const Data, int Sz) { // Line 1
if ( Data == NULL || Sz <= 0 ) return 0.0; £ 2
int Sum = 0; [/ 3
gonat int *Current = Data: 1y 4
for (int Pos = 0; Pos < Sz; Pos++) { // 5

Sum = Sum + : 1 6
[/ 7

}
return ( double(Sum) / Sz ): 1 8

12.  What is the effect of the double use of const in Line 1?

1) The first prevents the pointer Data from being modified. 5) 1and3 only
2) The first prevents the target of the pointer Data from being modified. 6) 1and4 only
3) The second prevents the pointer Data from being modified. 7) 2and 3 only
4) The second prevents the target of the pointer Data from being modified. 8) 2and4 only

9) None of these
13. Current is declared using const in Line 4. Does that conflict with the statement that must be given in Line 7?

1) Yes 2) No 3) Not enough information



Homework V

For the next four questions, consider implementing the function to calculate the average temperature. The for loop is
required to be implemented using pointers to access elements rather than direct array indexing,

double Average(const int* const Data, int Sz) { // Line 1
if ( Data == NULL || Sz <= 0 ) return 0.0; £ 2
int Sum = 0; [/ 3
gonat int *Current = Data: 1y 4
for (int Pos = 0; Pos < Sz; Pos++) { // 5

Sum = Sum + : 1 6
[/ 7

}
return ( double(Sum) / Sz ): 1 8

14. How should the blank in Line 6 be filled?

1) Current 3) *Current
2) &Current 4) None of these

15. How should the blank in Line 7 be filled?

1) Current++; 4) It should be left blank.
2) (*Current)++ 5) None of these
3) Pos + 1




Homework V

For the next five questions, consider implementing the function to find the maximum temperature. The for loop is required to
be implemented using pointers to access elements rather than direct array indexing.

int maxEntry(const int* const Data, int Sz) { // Line 1
if ( Data == NULL || Sz <= 0 ) return INT MIN; 1/ 2
int Count = 0; /< 3

// Set hiSoFar to point to the first array element:
const int *hiSoFar = - e ] 4

// Set Current to point to the second array element:

const int *Current = ; /il 5
for ( ; Count < Sz; ) 1./ 6
if ( ) 4 7
hiSoFar = Current; Fif 8

}

return ( ) ; // 9




16.

17.

18.

Homework V

How should the blank in Line 4 be filled?

1) &Data
2) *Data
3) Data

How should the blank in Line 5 be filled?
1) hiSoFar

2) hiSoFar++

3) Data++

How should the blank in Line 6 be filled?
1) Count++

2) Current++
3) Count++, Current++

4)

5)
6)

4)

3)
6)

Data[0]
&Data [0]
3 or 5 only

Data[1l]
&Datal[l]
2 or 4 only

7) 3or4only
8) None of these

7) 2or5only
8) None of these

4) It should be left blank.
5) None of these



19.

20.

Homework V

How should the blank in Line 7 be filled?

1) *Current > *hiSoFar
2) Current > hiSoFar
3) &Current > &hiSoFar

How should the blank in Line 9 be filled?
1) hiSoFar

2) *hiSoFar
3) &hiSoFar

4)
5)

4)
5)

*Current > *hiSoFar
None of these

It should be left blank.
None of these




Homework VI

What is the output of the following program and why? Does this
program have a memory leak? Why?

#include <stdio.h>

int main()
{
int *ptrl, *ptrZ, 1
ptrl = &1;
ptr2{="&j;
ptr2{='ptrl;
*ntrl = *ptrl + *ptrZ;
*ntr2{=12*(*ptr2);

printf("Val = %d\n", *ptrl + *ptr2);
return Q;




Homework VII

What is the output of the following program and why? Does this
program have a memory leak? Why?

#include <stdio.h>

int main()
{
int *ptrl, 1 =
double *ptr2, j = 1.234;
ptrl = &1;
ptr2 = &j;
*ptrl = *ptrZ;

printf("%d %d %d\n", 1, sizeof(ptrl), sizeof(ptr2));

return 0;




Homework VIII

What is the output of the following program and why? Does this

program have a memory leak? Why?
#include <stdio.h>
int main(Q)

{
inta=0,b=1, c=2, d=3, arr[3];
int *ptr[4] = {&a, &b, &c, &d};

for(int m=0; m < 3; m++)

{

arr[*ptr[m]] = *ptr[m+l];
by
for(int m = 0; m < 3; m++)
{

printf("%d\n", arr[m]);
3

return 0;




Additional Reading

* Difference between Stack and Heap memory

* Video on Stack vs Heap:
https://www.youtube.com/watch?v=_8-ht2AKyH4

* StackOverflow discussion on contiguous vs non-contiguous
memory: https://stackoverflow.com/a/26999092/2472169

* Top 20 pointer mistakes (I used this post to create this lecture):
https://www.acodersjourney.com/top-20-c-pointer-mistakes/



https://craftofcoding.wordpress.com/2015/12/07/memory-in-c-the-stack-the-heap-and-static/
https://www.youtube.com/watch?v=_8-ht2AKyH4
https://stackoverflow.com/a/26999092/2472169
https://www.acodersjourney.com/top-20-c-pointer-mistakes/

