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Alternative Assignment to Final Exam

* Time: 6/20(Sat) 10 am ~ 6/21(Sun) 10 am

 Please schedule your time In advance.



Alternative Assignment to Final Exam

* Programming assignment

* \We will copy-check thoroughly. Do not try to cheat.
— If A copies B's code, A and B will get O point.

— If A, B, C copies the same code from the internet, they will
all get O point.

» Performing the assignment by proxy (CH 2| 2FA]) is
strictly prohibited.

— If you hear about a proxy assignment case, please email me.



Topic Covered
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Typical Memory Layout of C / C++ Programs

* When you run a C / C++ program, OS allocates
memory space for the program like this:

—— Organized In several segments:
- Stack segment
oo - Heap segments
- BSS segments

- Data segments

- Text segments




Typical Memory Layout of C / C++ Programs

(data segment) {

(code segment)

b o ————

uninitialized data

bss

initialized data

data

text

. local variables, function parameters, return address

: for dynamic memory allocation

}: global variables, static variables

. compiled binary code of the program

» The reason of "typical" is, it's actually platform / implementation dependent (not
a part of C/C++ specifications), but it generally used in most popular platforms.



Example - Memory Layout 1

(Program starts)

int sum=25;

int main ()

{
int numl=10;
func (numl) ;
numl++;
func (numl) ;
return 0;

}

void func (int n)

{

int num2=20;

}

sum = 25

data

heap



Example - Memory Layout 2

int sum=25; sum =25 data

int main ()

{

) int numl=10; heap
func (numl) ;
numl++;

func (numl) ;
return 0O;

}

void func (int n)

{

int num2=20;

}

numl =10




Example - Memory Layout 3

int sum=25; sum =25 data

int main ()

{

int numl=10; heap
func (numl) ;
numl++;

func (numl) ;
return 0O;

}

void func(int n)

{ num2 = 20
) 1Nt num2=20; n=10

}
numl =10




Example - Memory Layout 4

int sum=25;

int main ()

{
int numl=10;
func (numl) ;

) numl++;
func (numl) ;

return 0O;

}

void func (int n)

{

int num2=20;

}

sum =25

numl =11

data

heap



Example - Memory Layout 5

int sum=25; sum =25 data

int main ()

{

int numl=10; heap
func (numl) ;
numl++;

func (numl) ;
return 0O;

}

void func(int n)

{ num2 = 20
) 1Nt num2=20; n=11

}
numl=11




Example - Memory Layout 6

(Program ends)

int sum=25; data

int main ()

{

int numl=10; heap
func (numl) ;
numl++;

func (numl) ;
return 0O;

}

void func(int n)

{

int num2=20;

}




- 7t LSS0l E
LH 24 &Lt

. 1R UE A
o 47} 71




Z BH0 S Z HIo|EL| A 7]|= o{EA
& ASN

o Textsegment: TZ1ZH AE 0| 37|

» BSS/Data segment: % H== static H=2 27
» Stack segment : Zf =4 X[ H F 7

— (HAH| stack size= compiler optio2 2 X[ 7t&)
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A
malloc(), free() &
#include <stdlib.h>
void* malloc(size t size); // heapOl 022 =2t ¢
void free (void* ptr) ; // heapl &&= HIZ2l =2t of Al
#include <stdlib.h>
int main ()
{
void* ptrl = malloc(4); // heapOl 4HIOIE &%
void* ptr2 = malloc(12); // heapOl 12HI0/E &%

free(ptrl);
free(ptr2);

// ptrl0] Ji2l2l= 4HI0IE all Al
// ptr2Jt Jiel2dl= 128t01E ol Al




void

QIE] (void*)

void* ptr;

» void ZZQIE : H(type) HE7I 9= ZLQIH.

. ojld Z2o| =

T2 wE Y0 7ks

e * >+ 42 MO AL FItS

int n = 10;

double d = 2.1;
void* ptr;

ptr = &n;

ptr = &d;
Ol A ot= A0| Ji=s

I int main(void) !
' { '
int num=26; !
| void * ptr=&num; i
*ptr=20; /f Ay o
L ptre /) TATY o)
I

____________________________________

3 AU EMBIA| 22z
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malloc 82| Ht2tA 0] voidd ZQIE QI o] &7
// malloc &2 S= 0 // sizeof G4 & AldHG= AE
void* ptrl = malloc(sizeof(int)); void* ptrl = malloc(4);
void* ptr2 = malloc(sizeof (double)) ; void* ptr2 = malloc(3);
void* ptr3 = malloc(sizeof(int)*7); void* ptr3 = malloc(28);
void* ptrd4d = malloc(sizeof (double)*9); void* ptrd4d = malloc(/2);

- malloc 8= A EE 7| H2E| S7tS 2 &, O{EA 2

I_ - .
2R = LX| ZotLCt

- 2|HE ZOIHZ XM= A 2{H Of2fef 20| & tHets Sf{oFotrt,
// malloc &=2 JI& ZHAEQ S= (
int* ptrl = (int*)malloc(sizeof(int));

int* ptr3

double* ptr2

double* ptr4

(int*)malloc (sizeof (int)*7/);

(double*)malloc(sizeof (double)) ;

(double*)malloc (sizeof (double) *9) ;




C Example

#include <stdio.h>

#include <stdlib.h> // malloc, free & A28 ¢t ol o

int main ()

{

int* pi;

double* pd;

pi = (int*)malloc (sizeof (int));

pd = (double*)malloc (sizeof (double));

/) BYE HZalol gte & Mol glesz M| Zto] EHE
printf ("%d %f\n", *pi, *pd);

[/ ZEE M2z 7l g2 e
*pi = 10;
*pd = 3.4;

// OFNXEH scanf2 EE&E M=Z22| 2ol €2 M2 = UC.

scanf ("%d %1f", pi, pd);

// malloc ()2 SEE MZ2|e AIZ0| ZEL}H HEZA|
// free() & ZE&olAl SHAsliof SiCt.

free(pi);

free (pd);

return 0;

PythonlilAdE 2=
H=(=2 24Xt
s&Ho=z &YE D
29 =0
sHdoz gdg&
A2l SHHl =
PythonO| garbage
collector(GC)E =il
2Ot =2l ekl
(Z2 20001

MA=S ERIE QN



(int*)malloc(sizeof(int));

10;

Di

*pi




» > S El HEE S22 A A-—O| HRE|EH=
S8t XS AlS KXo UqA =L
void test()
{

int* pi = (int*)malloc(sizeof(int));
*pi = 10;
}

/] O] &2 =250

AN — O -

AQOIXEZ CIE 22 A2 E71).

|
nalloc()oll s EEHEl 4Hlo|E= Irf2 Lol ot
(pi7} ~Te|H STt aufo[Eof Mg 4 Qe urol

- 0|2 M| 22| +=(memory leak)O|2f11 £

|
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C Example

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

volid test ()

{

int* pi = (int*)malloc(4);
*p1 = 10;
//free (pil);

int main ()

{

int 1, n;
for (i=0; 1<10000000; 4i++)
test () ;

// AMEBXR e E T2l =2t EAl HE
// Ubuntu system monitor SHA}

scanft ("sd", &n);

return 0;

AtO]of
(WindowsO| A= Z&r 22| X}




C Example

free()E = =¢ct &% free)E S =0lAl E=2 &=

System Monitor

Processes Resources File Systems

Q a.out a Q a.out a
Process Name User % CPU ID Memory ~ Priority Process Name User % CPU ID Memory « Priority
@a.out yoonsang 0 4586 72.0KiB Normal @a.out yoonsang 0 4415 305.0 MiB Normal

(F) sl U=sad 08 2== 410000000 = €f40MB & =2
HZ2clE & SF0l ook othl 2, 2Mz=s 23 d25 JISot)| ?ie
7= o StChst s

Aol sds O ggetlh :lEIIJ_ o =X & 0l UE 9 &
1935 = st A



Memory Layout

int sum=25; sum=25 data

int main (void)
{

Bm) int numl=10; heap
fct (numl) ;
numl++;
fct (numl) ;
return 0;

}

void fct(int n)

{
int* pNum = (int*)malloc (4);
*pNum = n;
free (pNum) ;

num1=10




Memory Layout

int sum=25; sum=25 data

{ (uninitialized)

int main (void)

{

int numl=10; heap
fct (numl) ;

numl++; points to
fct (numl) ;

return 0O;

}

void fct(int n)
{ pNum=0x006e /|
gm) Int* pNum = (int*)malloc(4); n=10

*pNum = n;
free (pNum) ; num1=10

}




Memory Layout

int sum=25;

int main (void)
{
int numl=10;
fct (numl) ;
numl++;
fct (numl) ;
return 0;

}

void fct(int n)

{

int* pNum = (int*)malloc(4);

#m) *pNum = n;
free (pNum) ;

}

pPNum=0x006e  /

n=10

num1=10

data

heap

points to



Memory Layout

int sum=25; sum=25 data
. . . : delete!
int main(void)
{
int numl=10; heap
fct (numl) ;
numl++;

fct (numl) ;
return 0O;

}

void fct(int n)
{ PNum=0x006e
int* pNum = (int*)malloc(4); n=10
*pNum = n;
) free (pNum) ; num1=10
}




Memory Layout

int sum=25; sum=25 data

int main (void)

{

int numl=10; heap
fct (numl) ;
s numl++;

fct (numl) ;
return 0;

}

void fct(int n)

{
int* pNum = (int*)malloc (4);
*pNum = n;
free (pNum) ;

numl=11




When a memory leak occurs

int sum=25;

int main (void)
{
int numl=10;
fct (numl) ;
numl++;
fct (numl) ;
return 0;

}

void fct(int n)

{

) *pNum = n;
//free (pNum) ;
}

int* pNum = (int*)malloc(4);

PNum=0x006e

/

n=10

num1=10

data

heap

points to



When a memory leak occurs

int sum=25;

int main (void)
{
int numl=10;
fct (numl) ;
s numl++;
fct (numl) ;
return 0;

}

void fct(int n)
{
int* pNum =
*pNum = n;
//free (pNum) ;

}

(int*)malloc (4) ;

sum=25
110
numl=11

data

still allocated but
no way to access it!

heap



Quiz #1

* Go to https://www.slido.com/
* Join #isd-hyu
* Click “Poll”

« Submit your answer in the following format:

— Student ID: Your answer
— e.g. 2017123456: 4)

* Note that you must submit all quiz answers in the
above format to be checked as “attendance”.


https://www.slido.com/

free()Of| CHoSH...

. free()SHR| 22 B2l WS SE K2 Lo}
ALFR?
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HAIS Z1 - malloc()2} free)= S A(pain2 2
2
o

AL
intx pi = (int*)malloc(4);
/] st MHd=5 ...

free(pi);
« malloc()O| 2t H SESIH HIEA| free() = U
Of otCtt

» malloc()Z free()& MZ CrE &+0A ==t
M oF EICH

— free)& 2 ESHX| = 2 E 7t
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AXH HAO| X SiCh

1 =2 O
typedef struct
Point p1,; (32bit system { t |
' : olet2 Itd Nt Xpos,
Point* ppl = &p1,; 1 rS) int ypos;
\\x }Point;
<AE HE> <AEH HA>
246 | 247 | 248 | 249 | 250 | 251 | 252] 253] . .. |346(347|348|349
-~ p1 @ pp1 246

- =

Point* pp2 = (Point*)malloc(sizeof(Point));

<& FA> <AE HH>
146147148 ] 149150 [ 151 152] 153 .. . |446]447]448] 449
- (H= O] & 8= | —@ pp2 146

=




TN Hyo| 34 ST

Point p1,
Point* ppl = &pl,;

Point* pp2 = (Pointx)malloc(sizeof(Point));

« pple AEHO|| 2EHEI gHEO|E S ZHA[GH = p1)2 7t

.« pp2= 2O 2 E 8HIO|E S7HmallocL 2 & =h= 7t
27| = EQIH
* ppl, pp2 25 StLE2 P0|nt°* “4—1“—% HqEE A= S



C Example

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

typedef struct
{
int xpos;
int ypos;
} Point;

int main ()
{
Point pl;
Point* ppl = &pl;

Point* pp2 = (Point*)malloc(sizeof (Point));

ppl->xpos = 1;
ppl->ypos = 2;

printf ("%d %d\n",
pp2->xpos = 1;
pPp2->ypos = 2;
printf ("%d %d\n",
free (pp2) ;

return 0;

ppl->xpos, ppl->ypos);

PP2->Xpos, pPp2->ypos);



Quiz #2

* Go to https://www.slido.com/
* Join #isd-hyu
* Click “Poll”

« Submit your answer in the following format:

— Student ID: Your answer
— e.g. 2017123456: 4)

* Note that you must submit all quiz answers in the
above format to be checked as “attendance”.


https://www.slido.com/

AKXt scanf2 Q23 Z0|ar2 o] Hj Y S Tt
SRS iV

intd M|O|E| 570 & XASI= HIY S =X Stk
-> Int™ pi = (Int*)malloc(5*sizeof(int))




C Example

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

int main ()

{

int n, 1i;

int* pi;

// digel Zolg Yurs

scanf ("%d", &n);

pl = (int*)malloc(n*sizeof (int));

for (i=0; i<n; ++1)
// Hiel Zolatg H4E ol g
// ot & & o= AZS el FH
scanf ("%d", &pif1

1)
//scanf ("%d", pi+i)

4

for (i=0; i<n; ++1)

// Higel 2t @AE =
// ot & & ok AE sz F4at
printf ("sd ", pili])
//printf ("$d ", *

free(pi);
return 0;



TN B SHET

Pointd H|O|E| 57 & MASH= HIES =X &t
C}
o

-> Point* pi = (Point*)malloc(5*sizeof(Point))

S SEot HiEo| Zt @ A (pi[i]) 2l Zf BIH O
H2ot0] AL A 7| E ofH E.



C Example

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

typedef struct
{
int xpos;
int ypos;
} Point;

int main ()

{

// Bigel HolE fl=gt

Ojo

int n;

scanf ("%d", &n);

Point* pi =

for (int 1 = 0; i<n; ++1i)
// el Zolgtg H4s o e
// ot & & o= AZ sl F4et
scanf ("%d %d", &pi[i].xpos, &pil[i].ypos):;
//scanf ("%d %d", &(pi+i)->xpos, & (pi+i)-

(int 1 = 0;
// HHO:lo 2t

= L= =7

// oft & & o AS sl 7

for

printf ("$d %d\n", pil[i].xpos, pil[i].ypos);
//printf ("$d %d\n", (pi+i)->xpos, (pi+i)-

free(pi);
return 0O;

(Point*)malloc(n * sizeof (Point));



Quiz #3

* Go to https://www.slido.com/
* Join #isd-hyu
* Click “Poll”

« Submit your answer in the following format:

— Student ID: Your answer
— e.g. 2017123456: 4)

* Note that you must submit all quiz answers in the
above format to be checked as “attendance”.


https://www.slido.com/

Course Wrap up
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PO1. Hello World

P02. Guess the Number, Jokes

P03. Dragon Realm

P04. Hangman

CO01. C Basics

C02. Data Representation

CO03. Functions

C04. Array, Pointer

CO05. String Functions, Text Games in C, Const

C06. Parameter Passing, Const Pointer & String, Struct

CO7. More about Array & Pointer, Preprocessor

C08. Dynamic Allocation




Python & C

» OILIS| XM= O/HA| SR E LIEE= A2 O F
ME ECF 20| A ofaia = U sl =

o “'LLE:LEH %

2 F IR «=Z2 2 A0” (Python, C)
= 0|39l ol =

* Ol% O-CI)-H:
— Programming language2| ++8 24
— Program?| &t = &4
— Programming, Coding
« Of Chdlf 2Cf 0| AA Olslist= 71=|7t £ A7 & BIHE



57| 2 opx| o

Htet= 8 9 o 7HX:

—

HOIQAA == 21 8= ofH F S LC

- X|ZIX|= AlZHO Z7|0H okA| 24| 0| flet == 12D S
S AX|TH YO BEAAZ S ENHE T2 IHMZ HY
SHEHAM, tet Z=ef Yo 0| F =2 == U7 F HrE LICtH

— M 0| 2t0| E 2{2[(library) 22 I 7| X| (package) & AHE5t=

o Of: ZFEre A Ard
— C: SDL library
» http://lazyfoo.net/tutorials/SDL/index.php
— Python: PySDL2 package
» https://pysdl2.readthedocs.io/en/rel_0_9 6/tutorial/index.html



http://lazyfoo.net/tutorials/SDL/index.php
https://pysdl2.readthedocs.io/en/rel_0_9_6/tutorial/index.html
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Thanks for
being a
great class!



