Chapter 5
pointers and arrays

Speaker: Lung-Sheng Chien
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Physical memory

Basic unit of memory is byte (8 bits)

Each memory unit (byte) needs an unique address to identify it.

For 32-bit system, we can address memory from 0 (0x00000000)
to 2% -1-~4x10° (OXFFFFFFFF), total memory is up to 4GB

For 64-bit system, we can address memory from O
(0x00000000-00000000) to  2* -1~16x10* (OXFFFFFFFF-
FFFFFFFF), total memory is oo

unit: kB = 1000 bytes, 1MB = 1000 kB, 1GB = 1000 MB



1-dimensional memory block in 32-bit system

OXFFFF-004C

OXFFFF-004D

OXFFFF-004E

OXFFFF-004F

OxFFFF-0050

OXFFFF-FFFF

1655

A(10), B(11), C(12),
D(13), E(14), F(15)

0x0000-000D

0x0000-000E

0x0000-000F

0x0000-0010

0x0000-0011

0x0000-0048

0x0000-0049

0x0000-004A

0x0000-004B

— float

0x0000-0001

0x0000-0002

0x0000-0003

0x0000-0004

0x0000-0005

0x0000-0006

0x0000-0007

0x0000-0008

0x0000-0009

0x0000-000A

0x0000-000B

0x0000-000C

> Int
(4Byte)




What Is pointer

A pointer is a variable that contains the address of a variable

1
int x
int
int =z

1 int =ip ;

2 ip = &% ;

| :

3 J77ps
*ip = 8 ;
1p = &z[ 8]

#tinclude <stdio.h:

int main(int argc, char= arge[] )

/* z is an integer array =/

Pk

L

;=

;=

k3

ip is a pointer to int =/
ip now points to x =/

y is now 1 =/

¥ is now B =/

ip now points to z[B8] =/

L FiE ip LR

2. & is called reference
operator, #47V x f addressf¥
R D

3. * is called dereference
operator, }{tﬁ’ TEE ip A i
Al (SR it I ip ]
R X

Question: Since pointer is also a variable, then address = ?, size = ?



Size of pointer type

#include <stdio.h> result in windows
int main(int argc, charx argu[] ) oo "FACOURSEMZOO0ESUMMERV. LANG
d . . . zize of char= = 4
printf{“size of char= = %Zd\n", c1zeof{ char= ) }; cize of int* = 4
printf(“size of int= = Zdin", sizeof{ int= Y ): iz £ Float® = 4
printf("size of float* = %d\n", sizeof{ float= } ); “?HE “f 4 ";1** _ 4
printf{"size of double* = Jd\n", sizeof{ doublex } }; ;1“'1‘“ D'i: € .
return 0 : ress any key to continue
y

@ AMD Sempronitn) Processor 28004+

dEE R Jroeih
EEEE: Ldvanced Micto Devices
uE: Microsoft ACFI-Comnpliant Systemn

Question: all four pointer types have size 4 bytes, why?

A pointer is a variable that contains the address of a variable

|

32-bit machine uses 32 bit to address a variable




Address of a variable

address content  variable
#include <stdio.h>
N ¢ P
int main{int argc, char= argul[] )
¢ int = =1 ; ? Z[O]
int y=-2: 0x0012FF54 :
?n; 2|_:1ﬂ:! = fif_z ?5 an il:ltigertarl_*aﬂ ? Z[l]
in ip ; ip is a pointer to in 0x0012EE58
printf(“address of x = Bx%p\n", &% ); ? 2[2]
printf{"address of y = 8x%p\n", &y ); Ox0012FF5C
printf(“address of z = Bx%p\n“, &z ); ? 2[3]
printf{"address of ip = Bxz%pi\n", &ip ); )
Ox0012FF60
} return 8 ; ? 2[4]
Ox0012FF64
? z[5]
result in windows 0x0012FF68 - -
m— . Z[6
e "FACOTRSEODESUMMERYC L AN 0x0012FE6C >
of x = BxBB12FF7C - z[7]
of v = BxBA12FF78 Ox0012FF70
of z = BxAA12FF5A ’) 2[8]
Press an_l,upfk:ﬁ :uazgﬁtizizc O0x0012FF74
? z[9]
S , 2 y
163440 A(10), B(11), C(12), D(13),
E(14), F(15) 1 X




Use debugger to show change of memory [1]

#tinclude <stdio.h>

int main{int argc, char= argu[] }
{
int =z 1 ;
int 2 ;
int z[18] ; // z is an integer array
int =ip ; // ip is a pointer to int

address of x

= ip = &x ; /7 ip now points to x
Yy = =ip ; /oy is ,
H# F10 value of x
*ip = 8 ; A x is now B
T e watch window
% antt:xt:|main[int, char * *) j % < main{int 1, char = % Name lvalue
A ] mainCRTStartup()| 1: ] By Ox BO12FF7C <
e [Value KERNEL32? 7c816fd7: P! 1
ip Bxccccooee <
B BxBB12FF7C o by g“““””?s
Yy 2 N
2 [18] > &z ex8012FF50 “HHH
z BxB012FF50
al Eip Bx0012FF4c "HHH
ip Bgccccccce

address of pointer ip ——
value of ip (address of some varable)

: Oxcccececce means invalid




Use debugger to show change of memory [2]

#include <{stdio.h>

int main{int argc, char= argu[] )}

¢ ip | (T R
int x =1 ;
int =2 3
int z[18] ; // z is an integer array
int =ip ; /F/ ip is a pointer to int
X
& ip = &x ; /7 ip now points to x
o y = =ip ;*—ﬁjrtﬁmwﬂéi'Flo
*ip = 8 ; F/ % is now @
- . R .
ﬁ antext:|main[int, char * ¥ j ic{}main{int 1, char = i”ﬂl‘l‘lﬂ [value
| mainCRTStartup() 1: E{Fx Ax G812 FF7C
MAE "':“'“ﬂ KERNEL32t 7c816fd7, i
®ip
ip 0x8B12FF7cC o By g"““””?s
& 0 0012FF7cC
F : &z ez 001258 "AHHAARH
z[18] 2 Fd Bx0012fFF58
&ip 8x0012fFuc " |ijH"
BxB012fF7¥cC

value of ip = address of x

@ ip

|




Use debugger to show change of memory [3]

#tinclude <stdio.h>

int main{int argc, char= argu[] )
{
int x 1 ;
int gy 2 ;
int z[18] ; // z is an integer array
int =ip ; /7 ip is a pointer to int

& ip = &x ; /7 ip now points to x
y = =ip ; /f y is now 1

o *ip = @ ; ++F*+&mw4k——}%’Flo

ld |
ﬂ antext:|main[int, char * %) j i = main{int 1, char = ﬂ Name Value
- Value :g;:gggfa;tum} 1: i&x 8xB8012FF7cC
: * FcB16+d7 1
ip BxB812FF7cC
xip 1 i&y :1:-:[1[112FF?8
y ! &z " exee12FF58 AL
Z a1 2150
Bip 0x0E812FFac | jn"
ip A1 2FF7c

S *ip SIER x, TRy = Hip Ay = x S Ay R 1



Use debugger to show change of memory [4]

int =ip ; // ip is a pointer to int
L ip = &x ; /7 ip now points to x
y = =ip ; ff Yy is now 1
*ip = 8 ; ff % is now B
= |  ip = &z[8] ; MfIpnowpoints—to=fE— T% F10

return 8 ;

H
F®
R -
ﬁ antt:)d:|main[int, char * *) j ill = main{int 1, char = %l Name Value
mainCRTStartup() 1: ;]&x Bx0012FF7C
Name |Vmue KERNEL22% 7c8186E£d7 Lo >
*il] a
ip 0x8B12FF7C o by :’“““12”?8
&z[ A Bzae12fr5A
L] &z 0x0012F£58 “AHHF
z a1 2150
Bip 0x0012FFac | ijN"
ip A1 2FF7c

NS *ip A[I8% x, W] *ip = 0 A x = 0 7, ] JF@F%R 0



Use debugger to show change of memory [5]

int =ip ;

/7 ip is a pointer to int

L ip = &x ; /7 ip now points to x
Yy = =ip ; f7 Y is now 1 |p — H%AFI)FQ Ip ;EFI[HJ Z[O]
*ip = 8 ; /7 % is now B
ip = &z[8] ; // ip now points to z[8]
z|0
= return 8 ; [ ]
¥
7=
e . .
% antt:xt:|main[int, char * *) j % = main{int 1, char = % Name Value
A ] mainCRTStartup() 1: ] By Ox B012FF7C
e [Value KERNEL32¢ 7c816fd7: P! 8
ip B2AM12FF50
&z[ 8] 0xB012FF50 o by :]“““12”?8
&z 0x0812FF58 “FHAHH
z BxA12FF50
Bip 8x0812F Fuc "PijR"
ip Bz0012FF50
i&z[ﬂ] B:A012FF50
—8CEO03L460

ip = &2[0] §12V 2[0] fiure b= 4 ip )
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Pointer and array

[1]

z[0] z[1] z[2] z[3] z[4] Z[5] z[6] z[7] z[8] z[9]

ip+1

P ip=8z[0] J ip+2

,¥ |

z[0] z[1] z[2] z[3] z[4] Zz[5] z[6] z[7] Zz[8] z[9]

Ip-2

ip-1

N

|

ip=&2z[9]

—

(

z[0] z[1] z[2] Z[3] z[4] Z|5] z[6] z[7] z[8] Z[9]




Pointer and array  [2]

Ip := z is equivalent to ip := &z[0] since array hame z is synonym([ﬁj%ﬂ") for
first element of z, z[0O]. In other words, z = &z[0]

z[i] = *(z+1), this is default substitution in C-language. In other words, &z[i] =
Z+i

ip+i points to i-th object beyond ip

If ip:=z, then ip plays the same role as z, say z[i] = *(ip+i) = *(z+i) = ip][i] , or
&z[i] = ip+l = z+| = &ip|i]

Ip++ is equivalent to ip = ip+1, (move pointer ip to next object). However z is
name of array, it always points to first element z[0], so z++ is illegal. You
may say pointer is a movable array name.

ip+1 is an integer, but *(ip+1) is a reference to some memory location,
l-value



Pointer and array  [3]

#include <stdio.h>
int main{int argc, char= argu[] )
{
int z[18] ; //f z is an integer array . . .
int =ip ; 7/ ip is a pointer to int Arithmetic of painter
int i ;
ip = &z[8] : // ip now points to z[ 8] l
For¢ i =8 ;i< 10 ; i++){ ip+i = (int)ip + sizeof(int)*i
if {i|:I+i} = (Z+i) ) p ( )p ( )
printf{" ip+%d *= z+%d\n",i,i);
if ( (ip+i) *= &ip[i] )
printf (" ip+%d *= &ip[%d]in™,i,i);
if ( (z+i) t= &z[i] ) : :
printf(" z+%d *= &z[%d]\n",i,i); Integral arithmetic
H
For{ i = 8 ; i < 18 ; i++){
if ( ip++ ?= (2+1) ) : )
printf(" ip+%d t= z+%d\n",i,i); Ca_stl_ng to pointer
; pointing to char
printf{"ip(8=%p) - z{BxZp) = Zd\n", ip, z, ip - z );
printf{“ip(8=%p) - z{(BxZp) = Zd\n", ip, z, (char=)ip - (char=)z );
return 8 ;
¥

et "FACOURSE\2008SUMMER'C_LANG\EXAMPLE\CE
ip(@x@A12FFEA> — =(@xPA12FF58) Why not Ox28:40(decimal)?

ip<{AxAB12FF8B> — =(BxBA12FF58>
Prezz any key to continue




Pointer and array  [4]

#iinclude <stdio.h}

int main{int argc, char= argu[] )

{
int z[18] ; /f z is an integer array
int =#ip ; // ip is a pointer to int

int i ;
ip = &z[?] ; /7 ip now points to z[@]
for{ i = 8 ; i € 18 ; i++){

if  aip[-i] t= &z[9-i] )¢

printf{™dp[-%d] (8x%p) t= &z[%d] (6x%p)\n",i, &ip[-i]. 9-i, &z[9-i]);

yplsed
printf (" ip[-%d

kS

return @ ;

Bx%p) = &z[%d] (Ox%p) \n",i, &ip[-i], 9-i, &Z[9-i]);

ot "FACOTURSEAZODSSUMMERM. _LANGAEZAMPLEVCHAP

ipl-81 <BxBE12FF7C> &=091 <BxB812FF7C>
ipl-11 <BxBE12FF78> &=[81 <(BxB012FF78>
ipl-21 <BxBE12FF74> &=[7]1 <(BxB012FF74>
ipl-31 <BxB012FF7@> &=[6]1 <(BxB012FF78
ipl-41 <BxBB12FF6C> &=[5]1 <BxB812FF6C>

ipl-51 (BxBAA12FF6E> Gz=[4]1 (OxBA12FF6E>

ipl-61 (BxBA12FF64> &=I[31 (BxBA12FF64>

ipl-71 (BxB012FF6A> &=I[2]1 (OxB012FF6A>

ipl-81 (BxBA12FF5C> &=[11 <(BxBA12FF50C>

ipl-91 (BxBA12FF58> &=I01 (OxBA12FF58>
Prezs any key to continue

™~

&ip[-i] is equivalent to ip — i, C can
accept array index smaller than zero



Address arithmetic

operation Description

p++, p-- Increment (decrement) p to point to the next element, it is
equivalent to p+=1 (p -=1)

p+i (p-i) Point to i-th element beyond (in front of) p but value of p is

fixed

p[i]

Equivalentto p + i

p + n (integer)

n must be an integer, its meaning is offset (Pﬂ%ﬁ%)

P-q

Offset between pointer p and pointer q

p+d, p*q, p/q, p%q

invalid

Relational operator of
two pointers p, g

valid, includingp>q,p<q,p==q0,p!=q,p>=q,p<=(q

malloc

Dynamic memory allocation

free

Release memory block which is allocated by malloc




Static and dynamic allocation

#include <{stdio.h>

#include <{stdlib.h> /7 malloc
int main{int argc, charx argu[] )
int x =1,
int z[18] :
int =ip ;

y=2;
Z is an integer array,
/7 ip is a pointer to int

¢ ' — Z[10]R LRI, ot i (stack)
F_

static

/7 dynamic allocate integer array with 18 elements from 03
/7 and return address of first element to pointer ip

> ip = (int*) malloc{ sizeof(int)=18 ) ; <

if ( NULL == ip ){

printf{"Error: allocation failsin™);

b

printf("ip(Bx%p) = Bx%Fpin*, &ip, ip);
free( ip )

. /7 releaSEKinSEji\array to 0S
3

| ip Al VB R F i

P PO O i

——C guarantees that zero is never a valid

address for data, so return value of zero can
be used to signal an abnormal value

T
TR

P 3 fr — (WEPRERL fER

f¢heap F[1E3V 40 bytes

stdio.h

/* Define IJUR pointer value =/

#ifndef HULL

#ifdef _ cplusplus

#idefine HULL [§]

flelse

#idefine NULL {{void =)8)
#endif

#endif




dynamic allocation, stdlib.h [1]

When used as a function return type, the keyword specifies that the function does not return a value.
When used for a function's parameter list, zpecifies that the function takes no parameters. When used in
the declaration of a pointer, specifies that the painter is "universal."

v

If a pointer's type i E *, the pointer can point to any variable that i= not declared with the const or
wvolatile keyword. 4 pointer cannot be dereferenced unless it is cast to another type. & pointer can
be converted into any other type of data pointer.

void * malloc( size_t size)
ip = (int=) malloc{ sizeof{int)=1@8 } ;

MEIETE returns a void pointer to the allocated space or NULL if there is insufficient memory available. To
return a pointer to a type other than woid, use a type cast on the return value. The storage space pointed
to by the return value is guaranteed to be suitably aligned for storage of any type of object. If size i= 0,
m allocates a zero-length item in the heap and returns a valid pointer to that item. Always check the
return from [LiEIlLe, even if the amount of memory requested is small.

The [EINE function allocates a memory block of at least size bytes. The block may be larger than size
bytes because of space required for alignment and maintenance information.

In Visual C++ 2005, DE10E sets errno to ENOMEM if a memory allocation fails or if the amount of
memory requested exceeds _HEAP_MAXREQ. For information on this and other error codes, see errno,
doserrno, =vs errlist, and  svs nerr.

void free( void *p)

The [faa2 function deallocates a memory block (memblock) that was previously allocated by a call to
calloc, mallec, or realloc. The number of freed bytes is equivalent to the number of bytes requested
when the block was allocated (or reallocated, in the case of realloc). If memblock i= NULL, the pointer is
ignored and [Taas immediately returns. Attempting to [fiae an invalid pointer (a pointer to a memory block

that was not allocated by calloc, malloc, or realloc) may affect subsequent allocation requests and
Cause errors.



dynamic allocation, stdlib.h

#tinclude <stdio.h>
#tinclude <stdlib.h> /Ff malloc

int main{int argc, char= argu[] }

1
int x =1, y=2;
int z[18] ; /7 z is an integer array, static
int =ip ; /7 ip is a pointer to int

// dynamic allocate integer array with 18 elements from 03
// and return address of first element to pointer ip

ip = malloc{ sizeof(int)=18 ) ; <
if { NULL == ip ){

printf{"Error: allocation failsin")};
H
printf("ip({@x%p) = @x%pin”, &ip, ip):

free{ ip ) ; 7/ release integer array to 03
return 8 ;

(

causes error of type checking

[2]

To allocate memory without casting

Compiling...

main.cp

F:\course\2@888summeryc_langiexampleychapSiymallocymain.cpp(16})

I error C2448: "=

Conversion from ‘void=' to pointer to non-‘void® requires an explicit cast
Error executing cl.exe.

main.obj - 1 error(s), B warning(s)

: [cannot convert from

"yopid ='

to

‘int =’




dynamic allocation

#include <stdio.h>
#include <stdlib.h> /Ff malloc

int main{int argc, char= argu[] }

{

int x =1,
int =z[18] ;
int =ip ;

y=2;
/f z is an integer array, static
/f ip is a pointer to int

// dynamic allocate integer array with 18 elements from 03
/f and return address of first element to pointer ip

[3]

& ip = (int%) malloc{ sizeof{int)=1@ ) ;
9 if ( NULL == ip ){
printf("Error: allocation failsin™)};
H

ijﬂame |UMUE

X B AM12FF7¢C

&y Bx0012FF78

i Bxa12rf58

ﬂcip B 8812FFuc “EHT" [

ip Bx 0037 4e 08

Heap ] %

address content
0x00374e08

Ox0012FF50

?
Ox0012FF54

2
Ox0012FF58

2
0Ox0012FF5C

?
0Ox0012FF60

?
Ox0012FF64 =
Ox0012FF68

2
0Ox0012FF6C =
Ox0012FF70

?
Ox0012FF74

2

2

1

variable

ip

Z[0]
Z[1]
2[2]
z[3]
z[4]
Z[5]
Z[6]
2[7]
Z[8]
Z[9]
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Call by value

{

¥

{

#tinclude <{stdio.h>

void swap(int x, int

1
L

int x
int y

printf{"Before swap, x = 2d, y= Zdwn", %, y) ;

swap(_x, ¥ ) ;

int temp ;

X=0U;
= temp ;

: caller

int main{int argc, char= argu[] )

printF{lafter swap, x = %d, y= Zdwn", 2, Y} ;
return 8
callee

/* this is wrong version =/
void swap(int x, int y)

v “Foeonrsei2008sommeric langlexample

Before swap, x = 1.

After zwap, x = 1, y= 5§
Presz any key to continue

Question: why don’'t x and y swap?

address

Ox0012FF18

0x0012FF1C

0x0012FF20

0x0012FF28

content

variable

temp of swap

x of swap

y of swap

y of main

x of main



Use debugger

#tinclude <stdio.h>

void swap(int =, int y) ;

Call graph trace [1]

int main{int argc, char= argu[] )

{
int =
int y

1
=

printf("Before swap, x = %d, y= %dwn", %, yYy) ;

= swap{ %, ¥y ) ;
pri {""After swap, x = %d, y= Zd\n", %, Yy) ;
return 8
} i F11:£ ™ swap
/* this is wrong version =/
void swap(int =, int y)
{
int temp ;
I K —
ﬂ‘ Context: |main[int, char *j ﬂ‘ & main(int % Name Value
4 A1 mainerrs |U0S s 02 0012F F7c
Name |'1||'a|ut: HEHHELEE 1
X 1
& B 0812FF78
y 5 e o

address

Ox0012FF18

0x0012FF1C

0x0012FF20

0x0012FF28

)

<

variable

temp of swap

x of swap

y of swap

y of main

x of main



Call graph trace: caller make a data copy to callee [2]

void swap(int =z, int y) ;

int main{int argc, char= argu[] }
{

1
5

int =
int y

printf({"Before swap, x = %d, y= %dwn", x, YY) ;

& swap{ %, ¥y ) ;

printf{"After swap, x = %d, y= %d\n", x, y) ;

return 8 ;

?

/* this is wrong version =/
void swap(int x, int y)

= K <L\T\\\\‘mp\\\\\\§
int te 3 }%’Flo
P=3%;

n
e

address

Ox0012FF18

0x0012FF1C

0x0012FF20

= Context: |swap[int, in) j [ suap(int

la L

Value

iLﬂ H| main{int f&x
ame \ _|Value mainCRTS %
% 1 KERHEL 32

) =

Local variables in swap

YV oxB012FF24

1

Bx20012FF28

O0x0012FF28

variable

temp of swap

x of swap

y of swap

y of main

x of main



printf{“Before swap, x = %d, y= %d\n", x,

printf("After swap, = = %d, y= Jdi\n", %, Y} ;

int 2 =1 ;
int y =5 ;
swap( %, u } ;
return 8 ;

H

/* this is wrong version =/

void swap{int x, int y)

Call graph trace

y) ;

{
int temp ;
> temp = x ;< ## F10
X =y ;
y = tem
H
|
ﬂ antext:|swap[int. int] j i‘ = swap{int j‘ Name Value
main{int &x BxAB12FF2Y
Name |value mainCRTS El_ 1
temp -858003460 KERNEL 32 S ST
= 1
Y > 2

L

temp has meaningless content

Bx8812FF18

-8580034440

[3]

address

Ox0012FF18

0x0012FF1C

0x0012FF20

O0x0012FF28

content

variable

temp of swap

x of swap

y of swap

y of main

x of main



Call graph trace

int =
int y

1;
5 ;

printf{"Before swap, x = 2d, y= Zdwn", x, Y) ;

[4]

L swap{ X, ¥ ) ;
printf{"After swap, = = %d, y= Zdiwn", %, Y} ;
, keturn @ ; address content
/* this is wrong version =/ 0x0012FF13
void swap(int x, int y) P>
v ] 0X0012FF1C
int temp ;
temp = » ; i 0x0012FF20
I:{}I ¥ =1U ;< ﬁ F:I.O
y = temp ;
H
1
I K — 0x0012FF28
x| Context: |swap[int, int) j [ swap{int = IName Value 5
A A maingint |4T ex Bx0012FF204
Name |Uahe mainCRTS E{_ i
temp 1 KERNEL32
. 1 ELF# EHBB1ZFF28
5
4 ELFtemp Bx8812FF18
.......................................... 1
5

move value of x of swap to temp of swap

variable

temp of swap

x of swap

y of swap

y of main

x of main



Call graph trace [5]

1
5

int =
int y

printf("Before swap, x = %d, y= Zdwn", x, Yy) ;

o swap{ X, ¥y ) ;
printf("After swap, = = %d, y= Jdi\n™, %, y) ;

return 8 ; address content variable
H
/* this is wrong version =/ Ox0012FF18
void swap(int x, int y) temp of swap
L Ox0012FF1C
int temp ;
temp = % ; OXOO].ZFFZO
X=1y ;
Py tem s ¥ F10
» 5 x of swap
q | L Ox0012FF28 - f
= Context: |swap[int, inf] j A swap{int AlName |‘I.I’a|ut: y of swap
4 A maingint |5 ax 0x0012FF24
Name |‘I.r'alu& mainCRTS i c
:emp ; KERNEL 32 i&y EHHEHEFFEB
4 > i&temp <0218
1
............................................. c y of main

move value of y of swap to x of swap 1 x of main




Call graph trace [6]

printf({"Before swap, x = %d, y= Tdwn", x, YY) ;
L swap{ %, ¥ ) ;

printf{"After swap, x = %d, y= %d\n", x, yY) ;

return 8 ;

Only swap X, y in swap,
not in main

b
/% this is wrong version =/ address content variable
void swap({int x, int y)
o O0x0012FF18
S temp of swap
temp = x ; O0x0012FF1C
X =Y ;
sy L0 ’ o 0X0012FF20
> ¥ F10 B35 swap
5 x of swap
. 0x0012FF28
> of swa
x| antext:|swap[int, int] j [ swap(int Name Value 1 y P
4 A maingint [T g Bx0012FF24
Name |‘I.r'alue MmainCRTS i .
temp 1 KERNEL 32
y 1 ELFQ 2Hﬂﬂ12FFEB
E{Ftemp Bx8012FF18
1
T — . y of mair

move value of temp of swap to y of swap 1 x of main




Call by value — pointer

#tinclude <stdio.h>

void swap(int=* =z, int= y) ;

int main{int argc, char= argu[] }

print£(“Before swap, x = %d, y= Jdwn", x, Y) ;

swap(| &x, &y ) ; ElJ & %—?V X %D y Elfj {j' ig

printf{"After swap, x = %d, y= %d\n", x, y) ;

1
int % = 1 ;
int y = 5 ;
return 8 ;
H

void swap(int =z, int =y)
{

int temp ;

temp = =x ;
*x:*y;
=) = temp ;

—?_

swap x and y indeed

e "Fconrzel2008sommeric langlexamy

Before swap, x = 1. y= 5
After zswap, = = 5. y=1

Presz any key to continueg

address

Ox0012FF18

0x0012FF1C

0x0012FF20

0x0012FF28

content

variable

temp of swap

x of swap

y of swap

y of main

x of main



Call graph trace

{1 -

int = :
5

int y

printf("Before swap, x = %d, y= Tdwn", x, ) ;

9 swap{ &x, &y ) ;

printf{"after swap, x = %d, y= Tdwn", x, YY) ;
return 8 ;

?

void swap(int =z, int =y)

I::> { d " ¢
~int temp ; % F10 F]KJ’ *
temp = =x
x¥ = ®)
*y = tEITI|J =
b
dd |
ﬂ antext:|swap[inij ﬂEDSWEIp(int : ﬁmame |‘I.Falue
main{int - &x  Bx8O12fF24 )R
Name [Value mainCRTSt, X BxBB812FfF7cC
X Bx8812+FF7cC KERHELZZ? E
y Bx0012FF78 ! ii
H-&y Ox0012FF28 "xym”
|1 u Ox0M2FF78
//////////// El_ c

value of object which x points to

[1]

address

Ox0012FF18

0x0012FF1C

0x0012FF20

O0x0012FF28

value of object which y points to

content

0x0012ff7c

0x0012ff78

variable

temp of swap

x of swap

y of swap

y of main

x of main



int x
int y

1
L

Call graph trace

printf("Before swap, x = %d, y= Tdwn", x, ) ;

9 swap{ &x, &y ) ;

printf{"after swap, x = %d, y= Tdwn", x, YY) ;

return 8 ;
b
void swap(int =z, int =y)
1
int temp ;
temp = =x .
= ®g = xy ; < iE% F10
=) = temp ;
b
dd |
ﬁ antext:|swap[inij ﬂ':b swap{int : ﬁ Name |Value
| main{int - X Ox012FF24 "|_ijl"
Name [Value mainCRTSt: S
temp 1 A " c
I KERMEL32? 1
X Bx8812ff7c —
w1 &y  OxOB12FF28 “xijl
xy 5 EL? OB 2FF78
L

/

&tem Bx0012FF18

|1

move value of x of main to temp of swap

[2]

address

Ox0012FF18

0x0012FF1C

0x0012FF20

content

0x0012ff7c

0x0012ff78

variable

temp of swap

x of swap

y of swap

y of main

x of main



printf({“Before swap, x = %d, y= %di\n",

$ swap{ &x,

printf{"After swap, x = %d, y= %din",

return 8 ;

&) o3

Call graph trace

X, Y) ;

X, Y) ;

¥
void swap(int =x, int =y}
{
int temp ;
temp = *x ; ﬁﬁéfﬁi - 4I@
®X = *x| ; ‘{FH
2| %=y = temp ;
¥
ded |
ﬂ antﬂxt:|swap[inij ﬁ EB/SWE]P(?"t i ﬂ Name |'1.r'alue
= Val main{int - &x  Bx0012fF24 " |jR”
e e L= T x  0x0012ff7c
tem 1 KERNEL32?* E{_ c
*x 5 H1 LU
. c u Bx0012FF78
7 L

Question: how to check content of x in

main ?

&tem Bx0012FF18

[3]

address

Ox0012FF18

0x0012FF1C

0x0012FF20

content

0x0012ff7c

0x0012ff78

variable

temp of swap

x of swap

y of swap

y of main

x of main



Call graph trace [4]

printf("Before swap, x = ¥d, y= Tdwn", x, Y) ;

= swap{ &x, &y ) ;

printf{"After swap, x = %d, y= Zd\n", x, y) ; address content variable
return @ ;
’ 0x0012FF18
void swap(int =x, int =y) temp of swap
{ Ox0012FF1C
int temp ;
temp = *xu 0X0012FF20
*x = xY ; ’
D %y - temp 5 < % F10
H
ddd | 0x0012ff7c | x of swap
= Context: |main[intj [y swap(int ¢ | X Name [Value Ox0012FF28
o > maingint - |5 ex Bx0012ffF7C 0x0012ff78 | y of swap
Name |Value mainCRTSt: . c
L KERNELB2t | A
&x  OxBO12FF7C Gl 0z 0012FF78
u L u Y
By BxOB812FF78 . B: temp CR&8817: Error:

5 y of main

x of main, check its address 5 x of main




Call graph trace

printf("After swap, = = %d, y= Zdi\n", %, Y} ;
return 8 ;

¥

void swap({int =x, int =y}

[5]

1
int temp ;
temp = =x ;
*uW = *_l?l ’
=) = temp ; EEEE TR YL J;A%
3 ~ gﬁ{ﬂ‘ =t T UE
ld |
i antext:lswap[inij icb wap(int : ihlamt: [value
- | main(int - Bx Bx0012FF24 " |ijE"
ame |Value mainCRTSt;
s Bz0012FF7cC
temj 1 KERHEL32* E{_ [
* 1
Y &y B=0812FF28 "x_ijl"

EL? Bx8812FF78
1

ELFtemp Bx8012FF18
1

move value of temp of swap to y of main

address content
Ox0012FF18
Ox0012FF1C
Ox0012FF20
0x0012ff7c
Ox0012FF28
0x0012ff78
> 1

variable

temp of swap

x of swap

y of swap

y of main

x of main



Call graph trace [6]

int main{int argc, char= argu[] }

1
12: ; _ ; : address content variable
printf("Before swap, x = %d, y= Tdwn", x, y) ; Ox0012FF18
e ) - temp of swap
B|  svaptex, &) ; 0X0012FF1C
printf{"After swap, x = %d, y= Tdwn", x, YY) ;
return @ ; 0x0012FF20
S
void swap(int =z, int =y)
d | 0x0012ff7c | x of swap
ﬂ Context: |main[intj ﬁ g SWE_lF'(?"E ﬂ Name lvalue Ox0012FF28
Name |'1.r'alue 2:;:&;?5“ :x gxﬂm:ZFF?[: 0x0012ff78 Yy of swap
X 5 KERNEL32?
&x OxBB12FF7cC &y 9x0B12FF78
ey exesizeezs ||| L atenp CAxOO17: Ervor:

y of main, check its address 1 y of main

5 x of main




Character array v.s. character pointer  [1]

#tinclude <stdio.h>

int main{ int argc, char= argu[] )

{ Compiler determine length of

char amessage “"now is the time"™ ; // an arra : :
char *meSSggIE] “now is the time™ ; // a puintgr Strlng and then size of
amessage

printF{"amESSagE{ﬂx%p} = %5 \n", amessage, amessage ) ;
printf(“pmessage{B8x%p) = %s \n', pmessage, pmessage ) ;

return 8 ;

string constant, cannot modified

pmessage: T~

nl o /w, |l |S t 'hle t 1 m e \O

Modifiable character array

amessage: 'n |o |w | 'S t |hije t |1 me|\0

*pmessage is a pointer, initialized to point to a string constant; the pointer
may subsequently be modified to point elsewhere, but the result is
undefined uf you try to modify the string contents




Character array v.s. character pointer  [2]

0x0012ff6c
int main{ int argc, char= argu[] )
{
char amessage[] = “now is the t?me:: ; /7 an array 0x00422ea4 | PMessage
char =pmessage = “now is the time" ; // a pointer
=] printf(“amessage{@8x%p) = %s \n", amessage, amessage ) ;
printf(“pmessage(B8x%p) = %s \n", pmessage, pmessage ) ;
n amessage
return 8 ;
d | 0
ﬂ(}gntexl:‘main[int. char * %) j ﬁd}ma%n(in il\lamﬂ [Value W
N Val mainCRT ] amessage Bx0012FF78 "now is [the time"
ame ajue KERMEL3J s
[ amessage Bx0812ff70 — 19 110 °n
"now is the —. 1] 111 ‘o’ i
time" —[2] LRE
[ pmessage BxBB422eak — [3] a2 '
“now is the — [4] 185 °i'
time" — [5] 115 s
— [6] 32
— [7] 116 "t°
— [8] 164 "h’
— [9] 181 "e’
i 32 " 0x00422ea4
— [11] 116 't < n
— [12] 105 "i’
— [12] 189 *m’ 0
— [14] 181 "e’ W
— [15] a -
 PxBO12FF6C
8x80422eal "now is the time" ;
tamessage[1] 8x@812FF71 "ow is the time" |
y Anto J Lacals b this / £ ¥ \ Warchl / Warch? ) Watch3 % Watchd /




Fixed pointer v.s. movable pointer

s, t are regarded as array name,
fixed, use index i to sweep entire
character string

s, t are pointers, movable, s and t
sweep entire character string

fiinclude <stdio.h> #include <stdio.h>
ff strcpy: copy t to s @ array subscript version // strcpy: copy t to s : pointer version
void strcpy( char =5, char =t ) void strcpy{ char =5, char =t )}
1 {
int i = 8 ; while { "%8" = (=5 = =t) ){
while { *\@" f= (s[i] = t[i]) X{ S++ 3
i++ t++
b b
b b
int main{ int argc, char= argu[] ) int main{ int argc, char= argu[] )
1 {
char A[] = "now is the time" ; 7/ an array char A[] = "now is the time™ ; /7 an array
char B[] = "This is a book!" ; // an array char B[] = “This is a book?!" ; // an array
strcpy{ B, A ) ; // copy A to B strepy( B, A ) ; /7 copy A To B
printf{"array B = %5 \n", B ) ; printf(“array B = %s \n", B ) ;
return 8 ; return 8 ;
e S

/

Question: when s and t move in function strcpy, why array A and B in function
main are fixed?



String comparison

f® stremp @ return < 8 %F s £t
S Lexicographic order of string s and t
=/
i"t S A SO LA We say s <t if there exists index k
int i ; such that s[k] < t[k] in ASCII code
for (i =8 ; s[i] == t[i] ; i++}{ sense.

if { '\B' == s[i] )
return B ; /5 s = &
¥

return s[i] - t[i] ; // s *= t, compare character

10 11 12 13 14 15
o1 2 3 4 5 & 7 & 9 4 B C D E F

0 NUL S0H STX ETX EOT ENQ ACK BEL BE HT LF VT FF CR 80 &I
1 DLE DC1 DC2 DC3 DC4 NAE SYN ETB CAN EM  SUB ESC F8 GS RS US
R T S T . ( )+, - o
30 1 2 3 4 5 46 7T 8 9 € = >

4 @ &4 B ¢ D E F G H [ J E L M N 0
> P @ R & T U ¥ W X Y Z [ vV 1 &0 _
fo a b © d e f 2 h 1 ] k1 m n o
7 p q@ 1 t u v w x v z | | v~ DEL

A-Z occupies 0x41 ~ Ox5A

a-z occupies 0x61 ~ Ox7A



OutLine

« Memory address and pointer

* Pointer and array

e Call-by-value

* Pointer array: pointers to pointers
e Function pointer

 Application of pointer



Pointer array: pointers to pointers [1]

#include <stdio.h> address content variable
int main{ int argec, char =argu[] ) 0x0012fféc
. . 0x0042203c | name[0]
int i ;
char =name[] = { "Illegal month", "Jan® , "Feb™, "Har™ } ; 0x0012ff70 0x00422038 [1]
X name
for{ i =8 ;i ¢ ; : j_+; ¥ OX0012ﬁ74
intf(" d] = ", i, 1] 3;
, Printf(‘nane[2d] = Zsin”, 1, name[i] ) 0x00422034 | name([2]
et - 0x0012ff78
, 0x00422038 v 0x00422030 | name[3]
J 0x0012ff7c
oo "Fo\coursel2008summeric_langhexam a I
z ;;:egal month n
C \0
o . 0x0042203C
Press any key to continue_ | 0x00422030 M
|
0x00422044 a
m I
r
0 e
0x00422040 \O
n 9 0x00422034 [ =
t a ]
e
h I b
\O
0x00422044 \0




Pointer array: pointers to pointers [2]

#include <{stdio.h>
int main{ int arge, char =argu Compiler determines that size of array is 4
{
int i ;
char *=name[] = { "Illegal month", "Jan® “Feb™, "Har"™ } ;
= for{ i = 8 ; i < & ; i++ )¢
intf(" %d] = %swn”, i, i] ); i
N DA Ao o B String|starts at 0x0042203c
return 8 ;
}
de |
j‘ Context: |main[int, ct ~ i‘ > E:igé;? i‘ Nan;zme |'1.;1I;§12FHE
Name |Value KERHEL 3 / "
: 7858003460 | [8] 0:0042283c "Illeqgal month
name BxBB12FFoe [1] 0x00422038 "Jan™
[2] 8x0884220834 "Feb™ . .
[3] 0280422038 “Har Symbolic representaiton
&i Bx8012FF7c
&name[ 8] BOx8812ff6c
gname[1] OxBO12FF70 name: »| lllegal month\0
&name[2] AxA12FF7Y ¢
[ tnane[3]  0x0012FF78 ol aano
¢ > Feb\0
. >
| Mar\0




Workspace 'pointerhrray’. 1 proje
= pointerArray files

Pointer array: pointers to pointers [3]

Al

#include <stdio.h>

int main{ int argc, char =argu[] )

-5 Source Files £
int 1 ;
.71 Header Files char =name[3] = { "Illegal month*, *“Jan* , “Feb™, “HMar™ } ;

2 Resource Files
fFor{ i = 8 ;\i < &4 ; i++ ){
printf(“name[%d] = %si\n™, i, name[i] };

b
return 8 ;
4 b 3
"2 ClassView | =] FileView j
| B Configuration: pointerfrray - Win3? pebug----——---——-—-———-——--
—]Eumpiling...
main.cpp

F:\course\2888summeric_langiexamplexchapSipointerArrayimain.cpp(?7) : error C2878: too many initializers
Error executing cl.exe.

main.obj - 1 error{s), B warning(s)
I

Compiler finds that size of array
should be 4 at least, this is conflict to
number 3 defined by programmer



#include <stdio.hx
#include <stdlib.h> // prototype of malloc
#include <assert.h> /f/ macro assert()

#include <string.h> // prototype of strcpy P0|nter array pOlnterS tO

#idefine ILLEGAL_MOHNTH "Illegal month" - Zl
t#tdefine JAN "Jan" pOInte rS [ ]
#idefine FEB “Feb""
f#idefine HAR “"Mar"

int main{ int argc, char =argu[] }

{

int i ;
char =%pame = HULL ;

name = (char ==} malloc{ sizeof{char=) = 4 } ; // allocate a pointer array
assert{ name ) ; 2

name[B] = {charx) malloc({ sizeof{char) = (strlen(ILLEGAL_MOMWTH) + 1) ) ;
assert{ name[8] ) ;
strcpy{ name[8], ILLEGAL_HMONTH } ;

name[1] = {char=) malloc{ sizeof{char) = (strlen{JAH} + 1) } ; 1. allocate pomter array of 4 elements
assert{ name[1] }) ;

strcpy( name[1], JAH ) ;

name[2] = (char=) malloc{ sizeof{char) = (strlen{FEB} + 1 ; . . .
asse,Et} na:f.e[z] ; . ¢ tehary =« (FEB) > 1) 2. Macro assertis used as diagnosis,
strcpy( name[2], FEB ) ; see page 253 in textbook

name[3] = (char=}) malloc( sizeof{char) = {(strlen{MAR} + 1)} ) ;

assert{ name[3] } ;

strcpy{ name[3], HMAR } ;
Py 1#] 3. allocate character array, note that

For( 1 =08 ;1<h; i+ ){ _ we need one more space for \0
printf{“name[%d] = %s\n", i, name[i] );

b

For({ i =8 ;i <8 ;i ){ 4. First, release each string
free{ name[i] )} ; // release each string

b4

free{ name ) ; // release pointer array

5. Finally release pointer array

return 8 ;



Diagnosis Macro: assert

void assert( int expression)

The FEraaa! macro is typically used to identify logic errors during program development by implementing
the expression argument to evaluate to false only when the program is operating incorrecthy. After
debugging is complete, assertion checking can be turned off without modifying the source file by defining
the identifier NDEBUG. NDEBUG can be defined with a /D command-line option or with a #define
directive. If NDEBUG is defined with #define, the directive must appear before [IEE=2:4).H is included.

Pl a4 prints a diagnostic message when expression evaluates to false (0) and calls abort to terminate
program execution. Mo action is taken if expression is true (nonzero). The diagnostic message includes
the failed expression, the name of the source file and line number where the assertion failed.

In Visual C++ 2005, the diagnostic message is printed in wide characters. Thus, it will work: as expected
even if there are Unicode characters in the expression.

The destination of the diagnostic message depends on the type of application that called the routine.
Zonsole applications always receive the message through stderr. In a Windows-based application,

i calls the Windows MessageBox function to create a message box to display the message along
with an OK button. When the user clicks OK, the program aborts immediately.

expression

assert is redudant v

Print file name and
v line number in stderr




argc: argument count

#include <stdio.h>

int main{ int argc, char= argu[] )

{
int i ;
printf(“argc = Zdin",
For{ i =
H
return 8 ;
H

argc });

B ;i <= argc ; i++ }{
printf("argu[%d] = %Zs\n", i, argu[i] );:

Command-line arguments [1]

argv: argument vector
/

[imzlidlinux commandLine]s
[imsldlinux commandLine]s

arge = 1

argw[0] = . fa.out

argw[l] = [(null)
[imzlllinux commandLine]s
argc = 3

argv[0] = . fa.out

argv[l] = hellno,

argv[2] = world

argv[3] = [(ruall)

Sa.out

LAfa.out hello, world

[imzlidlinux commandLine]s I

#include <stdio.h>
int main{ int argc, charx= argu }
{ -
int i ;
printf("argc = %diwn", argc );
for{ i = 8 ; i <= arge ; i++ }{
printf("argu[%d] = Zswn™, i, argu[i] };
¥
return 8 ;
¥
argv: Symbolic representaiton
1 o , a.ouf\0
° », hello,\0
¢ » world\0
([ ) q
“1\0




Command-line arguments [2]

#include <stdio.h>

int main{ int argc, char=* argu[] )
{

int i ;
=} printf(“argc = %d\n™, argc );

For( :'L_= B ;i <=argc ; i++ K . E E Jdebugger l:/\ J%ﬁ |::J:TH,II’, :zg

printf(“argu[%d] = %s\n*, i, argu[i] };

ieturn a; _EJ EJ IE‘V FH_‘[ J argc - 1
4
| KN —
? Context: |main[int, char * #) j ? = mair % Name [value
i Name [value M :E;: i Ii&al‘gc :""BW
2:95 ;xBBS?zﬂaﬂ &argu 0x0012FF8c 27"
%‘ ? 0x003720a8 H arge 0x 00372020
“Faivcourse\2E B8:0803720a8 “F :\course\2@888sunmeric_langiexampleichap5icommandLine\DebugicommandLine .exe"
i —858993468 &i Bx0012FF7cC
content
Ox003720ac 0x003720a0 l address
0 0x003720a8 | argv[0] 0x0012ff7c |
u 0x003720a4 |
r 0x00000000 | argv[1] 0x0012ff80
72
S 0x003720a8 F 0x0012ff84
0x003720b0
e
\ 0x0012ff88
\ 1 argc
c 0x0012ff8c
0x003720ac 0x003720a0| argv




Command-line arguments [3]

#include <stdio.h>

int main( int argc, charxx argu )

T char* argv =Tl char* argv]
& printf("argc = %d\n", argc );

for{ i =8 ; i <= argc ; i++ ){
printf{“arqu[%d] = %s\n", i, argu[i] );

H
return 8 ;
H
(KN —
? antext:|main[int, char**]j % > NB%F % Name Value
Jmame |\:alue a WERH A H &arge :Jxﬂmﬂtss
arqc
xargy  0x083720a8 B Bargy Sxag12fr8e "7
i _;;;;g:z:\m ? argv 3:6833;'2338
8xPA3720a8 “'F:\course\2BB8summeric_lang\example\chap5\commandLine\DebugicommandLine .exe”
&i BxBB812fFf7cC
T R—
l address content
0x003720ac 0x00372020
0 0x003720a8 | argv[0] 0x0012ff7c |
u 0x003720a4 |
r 0x00000000 | argv[1] 0x0012ff80
72
S 0x003 Oa8‘ F 0x0012ff84
0x003720b0
e
\ 0x0012ff88
\ 1 argc
c 0x0012ff8¢
0x003720ac 0x00372080| argv




Command-line arguments  [4]

#include <stdio.h> [imslllime commandLine]s
[imzl1Rlime commandLine]s . a.oat hello world
int main{ int argc, char= argu[] ) arge (0xbfffeacl) = 3
{ ) argvy [(Oxbfffeacd) = Oxbfffeh0d
printf(“argc (%p) = %d\n", &argc, argc ); argv= Oxbfffeh04, *argv(Oxbfffeefa) = ./a.out
Ezﬂgff*::g: ;?P’ = %&pAnT, &argu, argu ); argv= OxbEffeh0S, *argw(Oxbfffef0i2) = hello
printf(“argu= %p, =arqu(%p) = %s\n", argu, ar.:g‘v= D:-.:hfffehliln:, *El].:gT?I:D:-:hfffEfDE:l = world
xargu, *argu ); [imzlllime commandLine]s
argu++ ;
¥
return @ ; address content
¥
OxbfffeacO
3 argc
Oxbfffef02 Oxbfffeefa —= Oxbfffeac4
xpie : Oxbffffeb04 | argv
Oxbfffef08 Oxbfffef03 8XE:::ee:b \ |
Oxbfffef09 W OxbfffefO4 € XDITeete a
o oo ) Oxbfffeefd
Oxbfffef0a xbfte ;
: Oxbffef6 | Oxbfffeefe o Oxbfffeb04
Oxbfffefob == xorte o Oxbfffeet Oxbfffeefa | *argv
OxbfffefOc Oxbfffef07 0 Oxbfffef00 u Oxbfffeb08
OxbfffefOd 0 OxbfffefO01 0 OxbfffebOc
Oxbfffef08
Oxbfffef02 X \
0




1

2 print string whose address is in *argv

Oxbfffef08
Oxbfffef09
OxbfffefOa
OxbfffefOb
OxbfffefOc
OxbfffefOd

argv++

o |=

-

\O0

Command-line arguments [5]

Oxbfffef02
Oxbfffef03
OxbfffefO4
Oxbfffef05
Oxbfffef06

Oxbfffef07
OxbfffefO8

P
<«

—|—=|o| =

Oxbfffeefa
Oxbfffeefb
Oxbfffeefc
Oxbfffeefd
Oxbfffeefe
Oxbfffeeff

Oxbfffef00
OxbfffefO1
Oxbfffef02

char** argv

char* (*argv)

char (**argv)

\O0

address content
OxbfffeacO
3 argc
Oxbfffeac4
Oxbffffeb08 | argv
Oxbfffeb04
Oxbfffeefa
Oxbfffeb08
oxbiffef02 | 2o
X
OxbfffebOc
OxbfffefO8

\0




1

2 print string whose address is in *argv

Oxbfffef08
Oxbfffef09
OxbfffefOa
OxbfffefOb
OxbfffefOc
OxbfffefOd

argv++

>
l

o |=

-

\O0

Command-line arguments [6]

Oxbfffef02
Oxbfffef03
OxbfffefO4
Oxbfffef05
Oxbfffef06

Oxbfffef07
OxbfffefO8

Oxbfffeefa
Oxbfffeefb
Oxbfffeefc
Oxbfffeefd
Oxbfffeefe
Oxbfffeeff

Oxbfffef00
OxbfffefO1
Oxbfffef02

\O0

address content
OxbfffeacO
3 argc
Oxbfffeac4
OxbffffebOc | argv
Oxbfffeb04
Oxbfffeefa
Oxbfffeb08
Oxbfffef02
OxbfffebOc .
Oxbfffefo8 [ 29V
\O




OutLine

Memory address and pointer
Pointer and array

Call-by-value

Pointer array: pointers to pointers
Function pointer

Application of pointer



Function = address [1]

#include <stdio.h>

void swap{int* x, int= y) ;

int main{int argc, char= argu[] }

{
int =x
int y

15
53

swap( &x, & ) ;

printf(“address of main
printf(“address of swap

return 8 ;

b

void swap{int =x, int =y}
{

int temp ;

temp = =x
*u -x-y :
*) = temp ;

%pan”,
%pan”,

&main
Gswap

T g
CEEN]

Function pointer is pointer which points
to address of a function

_» Each function has an address, we
can use reference operator & to
extract its address, however since
function is equal to an address (this
Is different from variable),
sometimes we neglect operator &

Question: a function name is equal to

an address, why?

e “Fieoursel2008sommerc langlexan
addrezz of main A8481 88A

addrezsz of swap AR4A1 A%
Prezz any key to continue




Function = address [2]

#tinclude <stdio.h> 1535[:930\? A== i__}.
void swap(int* x, intx y) ; =¥ FIRRET
int main(int argc, charx argu[] ) View - Debug Window - Disassembly
¢ int x = 1 ;
int y =5 ;

Hiﬁﬂ%ﬁl‘ = swap{ &x, &y ) ;

printf{"address of main
printf{"address of swap

%pyn”, &main ) ;
%pyn”, &swap ) ;

return 8 ;

;
e |
ﬁ Context: |main[int, -::Ij ﬁ @ main{int ﬁ Name [value
malnCRTSt &main 8x00401028 "U  HSUW H=m"
Name |Uahe KERNEL32* l - e &
" 9xBB12FF7C malin Gx 00481020 main{int, char = =)
y 5 dsuwap gz 8084818b8 U DUy %l
Dty  6x0012¢F78 VAR, FROOHOTEDE Suap(int x, Int )

main A1 &main A, PERFREE € STTE
Question: why main = 0x00401020 in debugger but

main = 0x0040100A in ouput



Function = address [3]

11: swap( &=, &y ) ;
S 00401046 lea eax,[ebp-8]
a4 a1 849 push eax
ao4B184a  lea ecx,[ebp-4]
B0481 84D push ecx
— , BBUA1B4E  call @ILT+8{swap) (00401005) E‘gl?gug}»@frswap; 0x00401005
aaya1853 add esp,8
12:
13: printf(*address of main = Zp\n*", &main } ;
a4y 81856 push offset EILT+5{_main} (8a401088a)
B4 810658 push offset string “Before swap, x = %d, y= %dwn" (8842283c)
Aa4A186a call printF (AaLa116808)
a4 a1 865 add esp,8
14: printf{"“address of swap = %p\n", &swap ) ;
a4 a1 868 push offset AILT+8(swap) (00461005)
ag48186D0  push offset string "After swap, x = %d, y= %din" (B0842281c)
aaya1a72 call pr‘intF (ayg116a)
£ I
ﬂ Context: |main[int, clj ﬂ o main{int ﬂ Name [value
N | mainCRTSt &main Bx00461020 “U  HSUW HeEp
ame _ |Value KERNEL32? : T "
e BxB012FF7C main Bx 804810208 main{int, char = =)
y c &swap BxaguBa18ba U DSUY ;ﬂ"[l
i&y A% 8812 F £ 78 : suap : BxB04818b8 swap{int =, int =)
c . .

¥ F11:% * swap



Function = address [4]

—— 7t i -0x00401005* |fVffi A 547 jmp swap (0x004010b0)

BILT+5{_main):
08481008  jmp

RILT+0(?swapBRYAXPAHBEZ) :
L » > 00401085  jmp

swap (oeu81008) ] f F11 Eg[*:i“ swap

main (B84818208)

80401006F int 3
ge4e1018  int 3
ge4e1011  int 3
ge4e1012  int 3
80401013  int 3
ge4e1014  int 3
ge4e1015  int 3
ge4e1016  int 3
ge4e1017  int 3
go401018  int 3
ge4e1019  int 3
ge4e101A  int 3
8040101B  int 3
< |
%] Cantext:|[FN_POINTE - | %[> FN_POINTE | *{[Name [value
N | mainCRTSt &main 8z 86401020 *U HSUY Ezm"
ame  |Value KERNEL32* . o "
malin Gx 00481020 main{int, char = =)
&swap 8x004018b8 "U pDSUW "
swap Bx0804810b8 swap(int =, int =)

1 7 11-0X0040100A [FU #4514 jmp main (0x00401020)




Function = address [5]

aeue18aF  int 3
—--- F:i\course\2@88summeric_lang\exampleichap5\fn_pointerimain.cpp -----———-———--——
18:
19: void swap(int =z, int =y)
28: {
= pe4p1080 ush ebp <« % = |
Enummﬁ ||1]mu EDB,ESP ?Ehrswap = F)J [ T‘F[ IJ_
00401083  sub esp,uih 15[ ¥ i - 0x004010b0 1 =5,
00401 8B6 ush ebx
00461087 |I:u5h esi Bl swap E\J b iﬂfl By P
884818E8  push edi
004610669  lea edi,[ebp-44h]
804081 8BC mouv ecx,11h
a046108c1 mou eax, BCCCCCCCCh
g04818C6  rep stos dword ptr [edi]
21: int temp ;
22:
S
ﬁ Context: | swap[int*, ~ ﬁ@ swap{int ihlame |'1.Falue
N | main(int &main gx:o04610828 U HSUW Z=m"
ATCH Nl mainCRTSt : T -
= Ax0012FF7C main B A84018208 main{int, char = =)
KERHEL 32t " “
H oy Ox 8812 FF78 &suwap fxee46816b8 U _DSU!.-.' %ﬁﬁl
swap 9: 0848108008 Swap{int =, int =)

Question 1: How to define function pointer?

Question 2: How to assign function pointer an address of another
function?



Function pointer (E‘}*[El(f#ﬁ?[f%) [1]

void swap({int= %, int= y) ;

int main{int argc, char= argu[] )
{

int = 1 ;

int y c ;
/f declare function point
7 its prototype is

FRL S T i

~ptr with initial value is HULL

tameter 2 = int=
Ff return rn value)
1 wvoid { =swap_ptr )(int= , int* ) = HULL ;

2 swap_ptr = &swap ; // assign address of swap to pointer swap_ptr FﬂﬁE;V?F[*EQLT"FEBE”[
3 (*swap_ptr)({ &=, &y ) ; 7/ Equiualent to swap( &=, &y ) ;

pr?ngg"Sgip_ptr = %p\n"é;wap_péz : 5 ] 1.51’5] Fr[gﬁﬁ@ SWap_ptr, _.—H
Fin “"after swap: ® = . = n', X, 5 i Lo 2k 1. 7

Eeturn 0 ; P Y Y F}'[ (’ELE}JE[F[ EIJ_\F lEtype

4 checking
void swap({int =z, int =y)

d
torp = 2.5t F VSR i swap 19 4
*x = -x-y .

S fF',fo swap_ptr [*]

4

oy 'F:‘.cu:seﬂl]l]ﬂsummer‘.c_lang\ex 3 . K J deref—? I'eLn,Ce EI__J ’]':I?J?, i’:ﬁ@
Swap_ptr - B0401085 swap_ptr [*[{Y I@ ik t\bﬁ’[g Al

after swap: x = 5, v =1

Press any key to continue



Function pointer (E‘}*@ﬁﬁ?ﬁ%)

#tinclude <stdio.h>
#include <{string.h>
void swap(int= %, int= y} ;

int main{int argc, char= arqu[] )
{
int = 1 ;
int y L :
f/f declare function pointer swap_ptr with initial value is HULL
f/f its prototype is
f/f parameter 1 = int=x  parameter 2 = int=
Af return void {no return value)
void ( =swap_ptr )(int= , int=x ) = HULL ;

f/f  suwap_ptr
swap_ptr

astrepy i FHEE strepy [V iﬁ“ﬁ swap_ptr
{(=swap_ptr)( &x, &y ) ; 7/ equivalent to swap( &z, &y ) ;
printf{“swap_ptr = %p\n", swap_ptr } ;

printf({“after swap: x = %d, y = %d \n", =, U);
return 8 ;

¥

tswap ; // assign address of swap to pointer swap_ptr

[2]

swap_ptr YR E]

- Win32 Debug-------—-—-———-—-——-—-

|uinter\main.cpp(1?) :error C2448: '=° : cannot convert from "char *=(__cdecl =*)({char =,const char =)' t

_cast, a C-style cast or function-style cast l

*void (__cdecl =){int =,int =)’

strepy fV'ELE]EE char* strepy(char* , const char*)

I swap_ptr fURIE] T ﬁ




Function pointer (E‘}'[EI(T#F?FQ) [3]

int y = 5 ;
/f declare function pointer swap_ptr with initial walue is HULL
f/f its prototype is
/f parameter 1 = int=  parameter 2 = int=
/f return void {no return value)
void { =swap_ptr ){intx , int= ) = HULL ;

swap_ptr = &swap ; // assign address of swap to pointer swap_ptr
(=} {(*swap_ptr){ &x, &y ) ; // equivalent to swap({ &x, &y ) ; &—— it% F11 1% 3 Swap
printf{“swap_ptr = %p\n", swap_ptr ) ;

printf{“after swap: % = %3d, y = %d \wn", X, Y);
return 8 ;

¥
void swap(int =x, int =y)
ld |
ﬁ antext:|main[int, char * %) j ﬁ @ main{int 1 ﬁ Name [value
mainCRTSta &main 0x 80401020 *U Lsuy Sa
Name [Value KERNEL32? y " "
tswap @z 084818b08 U swap Bx8040818b8 U .DSU'.'.' .%l
DRULUNE: i R I 11 Y (1 S suap_ptr  9x00401005 swap(int =x,int =)
swap_ptr  8x 08408108085
swap{int =,int =)




Function pointer (F[&¢#rts)  [4]

9 {=swap_ptr)( &x, &y ) ; 7/ equivalent to swap( &=, &) ) ;

printf{“swap_ptr = Zp\n", swap_ptr } ;
printf{“after swap: x = %d, y = %d \n", %, yY);
return 8 ;

}
void swap(int =z, int =y) ] S e 5
D o< EEGE T swap [
int temp ;
temp = =x
W = -x-y :
=) = temp ;
}
NEN —
ﬂ antext:|swap[int *, int ¥ j ﬂ = SWE_IP{%“t 3 ? Name |'1.r'alue
Name |'1.r'alue main{int 1 &main Bx 08481028 U Lsvy Hav
mainCRTSta " “
N 0x 8812 FF7C TE e &suap 8x084810b8 U psuy
y G 0012 FE78 ) swap_ptr CXX8817: Error: symbol “swap_ptr"™ not found

Question: declaration void ( *swap_ptr )(int* , int* ) is long and
awkward (>*73t), can we have any other choice?



Function pointer (E‘}'[El(f#ﬁ?ﬁ%) [5]

typedef defines a new type, You can use typedef

" declarations to construct shorter or more meaningful

names for types already defined by C or for types that

#tinclude <stdio.h> yOU have declared

void swap{int= x, int= y}) ;

// define a new data type PointerToFunction
void { =PointerToFunction ){int* , int=x )} ;

typedef

int main{int argc, char=* argu[] }

{

b

void swap{int =x, int =y}

{

int =
int y

PointerToFunction swap_ptr = HULL ; // equivalent to void { =swap_ptr ){int= , int= ) = HULL ;
swap_ptr
(=swap_pte)({ &x, &y ) ; /7 equivalent to swap( &=, &) ) ;
printf(“swap_ptr = Zp\n", swap_ptr ) ;

printf(“after swap: = = %d, y = %d \n", %, yY);
return 8 ;

int temp ; Question: why we need function pointer? any
t = =¥ ; . .

= o oxy : application?

=) = temp ;

: _—— Highreadabiliy (F* )

= &swap ; // assign address of swap to pointer swap_ptr




Application of function pointer: bubble sort

bubble sort(sc ¥ £F1-1#) is simplest way for sorting, the basic
iIdea is “push the largest element upward to last location, then
recursively do the same thing over remaining unsorted sub-
array”.

pseudocode
Given un-sorted array a[0: n]
for k=n:-1:1
for j=0:1:k-1
if a[ j]>a[ j+1] then swap(a[j].a[ j+1])
endfor
endfor



Process of bubble sort [1]

Unsorted array: |4 |3 |1 |2 8 |7 31112 4|7 8
4> 3, swap 3> 1, swap
3411287 11312147 3
v4>1,swap \/‘
3> 2, swap

3114287

A

4> 2, swap

312 4,87
4 < 8, no swap

1.2 3|4 |7 |8

3 <4, noswap

112|347 |8

3112 4 8|7 4 < 7,n0 swap

8> 7, swap \/‘

3/1/2|4 718

First pass, k=5 second pass, k=4



Process of bubble sort [2]

112|314 |7] |8

112 3 4 7 38

1< 2,no swap

i 1< 2,no swap

third pass, k=3

1121314 7| |8 5-th pass, k = 1

2< 3,n0 swap o
123 4 |7]]s

3< 4,no swap . Sortedarray: |1 (2 |3(4|7]8

1< 2,n0 swap

112 |3 4 7 8

2< 3,n0 swap
4-th pass, k=2



bubble sort: integer version

main.cpp

#tinclude <stdio.h>

bubble sort_in.cpp

f/f bubble sort for integer

/f definition is in bubble_sort_int.cpp void swap_int( int =x, int =y ) ;
void bubble_sort_int{ int a[] , int n } ;

/f sort integer array a[@8], a[1], --., a[n] in ascending order
int main{ int argc, char= argu[] ) void bubble_sort_int( int a[] , int n )
{ {

int i ; int k , j ;
int a[] = { 4, 3, 1, 2, 8, 7 } ;
for { k=n ; B { K ; k— 3¥{
bubble_sort_int{ a , 5 ) ; For { J =8 ;3] <k ; j+r+ )}
if € a[j] > a[j+1] ¥
For{i = 8 ; & >= 1 ; i++){ swap_int{ &a[j]. &a[j+1] ) :
printf{"%d *, a[i]); 3
¥ Y for j
printf{"in") ; W for k
¥
return 8 ;
43 void swap_int{ int =z, int =y )
{
int temp ;
e "Fwconrse\2008zommere _langhexan temp = *x ;
1 2 3 4 7 8 *x = *) 5
Press any key to continue =) = temp ;
¥

Question: Can we sort string?



bubble sort: string version

main.cpp bubble sort_string.cpp
#include <{stdio.h> #include <string.h>
// bubble sort for integer _ void swap_string({ char =*x, char *xy ) ;
/f definition 15 1in bubble_sort_int.cpp
void huhhlE_Sﬂl"t_int( int a[] . int n Y ff sort String array a[ﬂ], 3[1], ceny a[n] in
. // ascending order, compare two strings with
// bubble sort for string _ // lexicographic order
// definitlon 1s 1in bubble_sort_string.cpp void bubble_sort_string{ charx a[] , int n )
vold bubble_sort_string{ char= a[] , int n } ; {
int k, j ;

int main{ int argc, char= argu[] )
{ _ _ fFor { k=n ; B <k ; k— )¢

int 1 ; for { j =8 ; J <k ; j+r+ )¢

char= a[] = { "3eptember™, "Jan™ , "Har"™,

“Feb™ » “July®, “October™ } ; if ( stremp( a[j], a[j+1]1 ) > 8 ¥
huhhle_Surt_String( a ., 5y ; swap_string{ &a[j], &a[j+1] ) ;
for{i = 8 ; 5 »>= 1 ; i++){ MAF iur j

printf(*%s *, a[i]); 317 For K
: b

printf{"%wn") ;
void swap_string{ char =xx, char ==y )

return 8 ; {
¥ char= temp ;
temp = =x ;
— *®X = *Y ;
o "Fvcourse\2008 summeric_langiexampleichap5ibubhb *y = tEIrI|; .
Feh Jan July HMar October September S X |S a p0|nter

Pressz any key to continue

pointing to data
type char* (string)

swap_string only swaps pointers, not string content



Unsorted array:

Process of bubble sort : string [1]

September Jan Mar Feb July October

0x00422fdc | 0x00422048 | 0x00422044 | 0x00422040 | 0x00422fd4 | 0x00422034
September > Jan, swap

Jan September Mar Feb July October

0x00422048 | 0x00422fdc | 0x00422044 | 0x00422040 | 0x00422fd4 | 0x00422034
September > Mar, swap

Jan Mar September Feb July October

0x00422048 | 0x00422044 | 0x00422fdc | Ox00422040 | 0x00422fd4 | 0x00422034
September > Feb, swap

Jan Mar Feb September July October

0x00422048 | 0x00422044 | 0x00422040 | 0x00422fdc | 0x00422fd4 | 0x00422034

~_

September > July, swap




Process of bubble sort : string [2]

Jan Mar Feb July September October
0x00422048 | 0x00422044 | 0x00422040 | 0x00422fd4 | Ox00422fdc 0x00422034
September > October, swap \/

Jan Mar Feb July October September

0x00422048 | 0x00422044 | 0x00422040 | 0x00422fd4 | 0x00422034 0x00422fdc
Jan < Mar, no swap

Jan Mar Feb July October September

0x00422048 | 0x00422044 | 0x00422040 | 0x00422fd4 | 0x00422034 0x00422fdc

v\—/vMar > Feb, swap
Jan Feb Mar July October September
0x00422048 | 0x00422040 | Ox00422044 | Ox00422fd4 | 0x00422034 0x00422fdc

~_

Mar > July, swap




Process of bubble sort : string [3]

Jan Feb July Mar October September
0x00422048 | 0x00422040 | 0x00422fd4 | 0x00422044 | 0x00422034 0x00422fdc
Mar < October, no swap
Jan Feb July Mar October September
0x00422048 | 0x00422040 | 0x00422fd4 | 0x00422044 0x00422034 | 0x00422fdc
v\/J;n > Feb, swap
Feb Jan July Mar October September
0x00422040 | 0x00422048 | 0x00422fd4 | 0x00422044 0x00422034 | 0x00422fdc
Jan < July, no swap
Feb Jan July Mar October September
0x00422040 | 0x00422048 | 0x00422fd4 | 0x00422044 0x00422034 | 0x00422fdc

July < Mar, no swap




Process of bubble sort : string [4]

Feb Jan July Mar October September

0x00422040 | 0x00422048 | 0x00422fd4 0x00422044 | 0x00422034 | 0x00422fdc
Feb < Jan, no swap

Feb Jan July Mar October September

0x00422040 | 0x00422048 | 0x00422fd4 0x00422044 | 0x00422034 | 0x00422fdc

Jan < July, no swap

Feb Jan July Mar October September

0x00422040 | 0x00422048 0x00422fd4 | 0x00422044 | 0x00422034 | 0x00422fdc
Feb < Jan, no swap

Feb Jan July Mar October September

0x00422040 0x00422048 | 0x00422fd4 | 0x00422044 | 0x00422034 | 0x00422fdc

sorting complete




observation

Data type is immaterial, we only need to provide comparison
operator. In other words, framework of bubble sort is
Independent of comparison operation.

How can we implement an algorithm for bubble sort such that it
IS Independent of data type, for example, string ?

pseudocode
Given un-sorted array a[0: n]
for k=n:-1:1
for j=0:1:k-1
if a[ j]>a[ j+1] then swap(a[j].a[j+1])
endfor

endfor
User-defined comparison operator



Framework of bubble sort [1]

define a new data type

typedef char= 5tringTypE ;

string_type = char* —

A

typedef

char=x  stringType ;

#include <{stdio.h>

/f bubble sort for string

/f definition is in bubblg— —=tring.cpp
stringType |a[] , int n ) ;

void bubble_sort_string(

int main{ int argc, char* argu[] }

1
int 1 0
stringType| a[] = { "September™, "Jan" , "HMar",
"“Feb" » dJulp”, "October” } ;
bubble_sort_string{ a , & ) ;
For{i = 8 ;5 > 1 ; 1i++){
printf("%s ", a[i]);
¥
printf("\n") ;
return 8 ;
¥

Data type for sorting

#include {string.h>

void swap_string{|stringType |*x,

stringType [y ) ;

/7 sort string array a[@], a[1], ---, a[n] in
// ascending order, compare two strings with
/7 lexicographic order

void bubble_sort_string{ stringType a[] , int n }
1
int k, j ;
for { Kk =n ; B Lk ; k— ){
For { j=8; <k ; j+r+ ¥

if { stremp{ a[j], a[j+1] ) > B ){

swap_string{ &a[j], &a[j+1] ) ;

¥
i For j

v/ for k
¥
void swap_string{|stringType |*x, |[stringType [y )
1

stringType |temp ;

temp = =x ;

xX = *y ;

=) = temp ;
s




Framework of bubble sort [2]

#tinclude <stdio.h>

// bubble sort for integer
// definition is in bubble_sort_int.cpp

void bubble_sort_int{ | int| a[] , dint n ) ;

int main{ int argc, char= argu[] )
{

int i ;

int (] = {4, 3,1, 2,8, 7} ;

bubble_sort_int{ a , & ) ;

For{i =8 ; 5 »= i ; i++){
printf("%d *, a[i]);

H

printf("in™) ;

return 8 ;

Data type for sorting

void swap_int{| int | =x, |int | =y ) ;

// sort integer array a[@8], a[1]., ...
// ascending order

» a[n] in

void bubble_sort_int{ |int |a[] , int n )

{

int k , j :
for { K =n ; B< K ; k— ){
for ( j =8 ; j <k ; jre )¢
if ( a[j] > a[j+1] M
swap_int{ &a[j]., &a[j+1] ) :
?
Y/ for j
i/ For Kk
?
void swap_int{| int | =*x,|int | =y )
{
int |temp ;
temp = =x ;
®x = ®
#) = temp ;
?

Question: How about if we change int to void* ?




Framework of bubble sort [3]

#include <stdio.h> void swap_int{| void= | =x, | void* | =y ) ;
/7 bubble sort for integer // sort integer array a[8], a[1], -.., a[n] in
/7 definition is in bubble_sort_int.cpp // ascending order
void bubble_sort_int(| void= | a[] , int n ) ; void bubble_sort_int{ | void* | a[] , int n }
{
int main{ int argc, char= argu[] ) int kK , j 3
{
int i ; for { k=n ; B <k ; k— )
For { j =8 ; ] <k ; j+r+ )

int EI[] =4{h,3,1,2, 8,71} ; if ( a[j] > a[j+1] hEA
swap_int{ &a[j], &a[j+1] ) ;

bubble_sort_int{ |(void*=x) |a , & ) ; b3
i fFor j
For{i =8 ; & >= 1 ; 1#+)¢{ ¥4 for kK
printf{"%d ", a[i]); ¥
¥
printf("\n™) ; void swap_int(| void= | =x,| void* | =y }
1

return 8 ;

» JEIIFEE], type

upids temp ;

U] . temp = =x ;
checking SR
=) = temp ;
b

v CFEvconrse2008sommerc lan ghexs

i 2 3 4 7 8
Prezs any key to continue

int #1 void* & | [FlS<fY =],

73200 S ES -, tlsize = 4 Bytes




Framework of bubble sort [4]

#tinclude <stdio.h>

/7 bubble sort for string
// definition is in bubble_sort_string.cpp

void bubble_sort_string{| wvoid#* | a[] , int n ) ;

int main{ int argc, char= argu[] )

{
int i ;
char= a[] = { "september”, "Jan™ , "HMar",
“Feb" » dJuly™, “October™ } ;

bubble_sort_string{ |{void=*} |[a , 5 ) ;
for(i = 8 ;5 > 1 ; i++)

printf("%s ", a[i]);
¥
printf{"\n") ;
return 8 ; 5 [ HEL

#include {string.h>

void swap_string{| void=

*¥ voids=

*y ) ;

/7 sort string array a[@]
// ascending order, compa
/7 lexicographic order

. a[1], -.-, a[n] in
re two strings with

void bubble_sort_string(| woid=| a[] , int n }
¢ int k, j ;
for { k=n ; B <K ; k— )}
for { j =8 ; j <k ; j+r+ )
if ( strcmp(| (char=) |a[j],|(char=) a[j+1]) > 8 ){

1. &a[j+1] ) ;

g(

voids=

*x,

*y

~hacl.ine
LJIt:LJ(HI&J

swap_strin
b
1 Wit j
2/ r ok
void swap_string{| void=
{
void= | temp ;
temp = =x ;
*¥ = =Y g
*) = temp ;
b

Great! swap_string is the same as swap_int.

Question: How to handle comparison operation (use function pointer) ?
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void bubble_sort_int{ woid* a[] , int n )

{

int k , j ;
for { k=n ; B <K ; k— )}
for { j =8 ; j <k ; j+r+ )

if ( | a[j] > a[j+*11| X

swap_int( &a[j], &a[j+1] ) :
b4
i for j
¥/ for Kk

void bubble_sort_string{ wvoid* a[] , int n }

int k, j ;
for { k=n ; B <K ; k— )¥{
For { j =8 ; ] <k ; jvr+ )4

if (| stremp{ (char=) a[j], (char=) a[j+1] )

swap_string( &a[j]s, &a[j+1] ) ;
;
¥/ for j
4 For K

> 8

int operator>{ (int) a[j], (int) a[j+1] )

T

int (*comp)( void=* , void= )

comp is a function pointer, either strcmp or integer operator>

<0 if s<t

protocol (f7%3): (*comp)(s,t) return =0 if s=t

>0 if s>t




Framework of bubble sort [6]

#tinclude <stdio.h>

void

bubble_sort_prototype{ wvoid* a[] , int n

int (*comp){void=, void=) Y o;

ff return > B if x >y
/f =8 if x =y
ff <8 if x <y
int integer_comp{ int x, int y ) €]
{
return x -y ;
H
int main{ int argc, char= argu[] )
{
int 1 ;
int a[] = { 4, 3,1, 2, 8,7 } ;
bubble_sort_prototype( {void=+*) a, %,
{int (*){void=, void=)) | &integer_comp
fFor{i = 8 ; 5 »>= 1 ; i++)¢{
printf("%d ", a[i]);
H
printf{"\n") ;
return 8 ;
H

} -

void swap(

void=  =x, wvoidx =y ) ;

/f prototype of bubble sort, accept function pointer
f// comp as comparator

void bubble_sort_prototype(

void= a[] , int n,

int (=comp){void=, void*) }

{
int k, j ;
for { k=n ; B <Kk ; k— 3{
For { j =83 j <k ; j+r+ )
if  (*comp){ a[j]., a[j+1] » > B ){
swap( |&a[j], &a[j+1] ) ;
S
i For j
VP For Rk
S
void swap( wvoid= *¥, wvoid= =)
{
void= temp ;
v
temp = =x . . .
®x = xy ; comp: function pointer
=) = temp ;
S

v

prototype of this function pointer

e TFconrse2008sommeric langlexs
1 2 3 4 7 8

Press any key to continue_
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#tinclude <stdio.h> void swap{ void= #x, wpld= = ) ;

#include <{string.h>
// prototype of bubble sort, accept function pointer

void bubble_sort_prototype( woid= a[] , int n, // comp as comparator
int (*comp}){void=, void=) Y ; void bubble_sort_prototype( woid= a[] , int n,

int main{ int argc, char= argu[] ) int {*comp){void=, void=} h]

1 1
int 1 ; int k, j ;
char= a[] = { "September", "Jan" , "Har",
"Feb" s July™, "October™ } ; for { k=n ; B <k ; k— )
For { j =8 ; ] <k ; j+r+ )

bubble_sort_prototype( {void=*) a, %,
if € (=comp){ a[j]. a[j+1] ) > B8 ){

{int (*){void=, void*)})| &strcmp ) ;

swap{ &a[j]., &a[j+1] ) ;

for{i = 8 ; 5 >= i ; i++){ H
printf("%s ", a[i]); /¢ For j
S y/i For k
intf("\n") ; :
PrAntECAN™ Standard library 4
return 8 ; void swap{ void= *x, vpid= = )
S {
void= temp ;
v
prototype of this function pointer ii"‘g iy*’_‘ J
x| = temﬁ :
¥

Question: how about floating-point array?
o "Fyeourse'\2008summeryelanglexampleichap5ibubble

Feh Jan July HMar October Septemher
Presz any key to continueg
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#include <stdio.hZ
void bubble_sort_prototype({ void* a[] , int n,
int (*comp)({void=, void=) Yo
ff return > B if % >
i =8 if x =y
i {8 if x <y
int double_comp{ double x, double y )
{
return {int){x - y) ;
H
int main{ int argc, char= argu[] )
{
int i ;
double a[] = { 4.8, 3.8, 1.8, 2.8, 8.8, 7.8 } ;
bubble_sort_prototype( {void==) a, 5,
{int (*){void=*, void=)) #&double_comp ) ;
for{i = 8 ; 5 »>= 1 ; i++){
printf{"%6.2f ", a[i]);
H
rintf{"wn"}) ; .
i sizeof(double) = 8 bytes
return 8 ; . .
3 | = sizeof( void*)

#tinclude <stdio.h>

void bubble_sort_prototype( woid= a[] , int n,
int (*comp){void=, void=) Y ;

ff return > 8 if x >y
/f =8 if x =y
£ {8 if x <y
int float_comp{ float ®, float y )
{
return {int)(x - y) ;
¥
int main{ int argc, char= argu[] )
{
int 1 ;
float a[] = { 4.8, 3.0, 1.98, 2.0, 8.0, 7.0 } ;
bubble_sort_prototype( {void=+*) a, &,
{int (=*){void=, void*)) &Ffloat_comp ) ;
for{i = 8 ; 5 »= 1 ; i++)¢{
printf{"%6.2f ", a[i]);
¥
printf{"\n") ; .
sizeof(float) = 4 byte
return 8 ; . .
} = sizeof( void* )

U)

e “Fconrsel2008sommeric langlexampleichap5ibubhle sort po

4 .64 @.68a @.68a
Prezz any key to continue

2.80 8.80 7.80

Wrong!

v "F-yvconrsel2008sommeric langlexampleichap5ibubhle sort po

1.688 2.88@ 3.8@ 4 _8@
Pressz any key to continueg

7.88 8.688

Correct!
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#tinclude <{stdio.h>

void bubble_sort{ void* base, size_t n, size_t size,
int (*comp}){void=, void=x) Y o;

int double_comp{ double =x, double =y )

1
return (int){*x - =y) ;
¥
int main{ int argc, char= argu[] )
1
int i ;
double a[] = { 4.0, 3.8, 1.8, 2.6, 8.8, 7.0 } ;
bubble_sort{ {(void=*) a, 6, sizeof{double),
{int (*){void=, voidx)) #&double_comp ) ;
For{i = 8 ; & = i ; i++){
printf{"%6.2F ", a[i]);
¥
printf{"\n"}) ;
return 8 ;
¥

e "Fconrsel2008sommeric langexampleichap5ibubhle sort po

1.688 2.68A8 3.608 4 .64 7.688 &.60A@
Prezz any key to continue

P void |’/ £ any data type

#tinclude <stddef_h>
void swap( void =x, void =y , size_t size ) ;

/f sort base[8], ... base[n-1], total n elements
void bubble_sort{ void=* base, size_t n, size_t size,
int (*comp)({void=, void=) )

{
int Kk, j
char= a (char=) bhase ;
char* aj ; ff &a[]]
char= aj_plusi ; 7/ &a[j+1]

for ( kK = n-1 ; ;
For ( j a k : j++ 3¢
aj = a + sizexj ;
aj_plus1 = aj + size ;
if ( (=comp)({ aj, aj_plust ) > 8 )}{
swap({ (void=) aj, (void=) aj_plusi,
size ) ;

1

wa
[

H
i for j
¥ for kK
H
void swap({ wvoid =x, void =y, size_t size )
1
size t i
char temp
chars px (char=) x
char® py = {char=} y

for { 1 =8 ;i < size ; i++){
temp = =px ;
*px = *py
*py = temp ;
pE++

py++ ;
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Jan 4 bytes Feb October

Unsorted string array T p A N / /

base: | 0x00422fdc | 0x00422048 | 0x00422044 | 0x00422040 | 0x00422fd4 | 0x00422034

\ l \

September Mar July
Unsorted integer array 4 bytes
—

base: |4 |3 |1 |2 8 |7

Unsorted double array 8 bytes

base: | 4.0 3.0 1.0 2.0 8.0 7.0

size bytes
General unsorted array A Y

4 N

base: | base[0] | base[1] **+ | base[j] | base[j+1]| °** | base[n-1]
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size bytes
General unsorted array A y
4 N\

base: | base[0] | base[1] **+ |base[j] |base[jt1]| =+ | base[n-1]

G J
'

(*cmp) ( &base[j], &base[j-1] )

We send address of base[ j ] and base[ j-1 ] to user-defined comparison
operator *cmp since we don’t know the data type so far.

size bytes

A
r N

base[|] | base[j+1]

~_

swap( &base[j], &base[j-1], size )

We send address of base[ j ] and base[ j-1 ] to swap function since we
don’t know the data type, also in order to swap both elements we require
size of data type
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void bubble_sort{ void* base, size_t n, size_t size,
int (=comp){void=, void=) }

void gsort( void *base, size_t n, size_t size, page 253

int (*cmp)( const void *, const void *) )

gsort sorts into ascending order an array base[0], ... base[n -1] of

objects of size size. The comparison function cmp is

<0 if s<t
protocol (F4:): (xcmp)(s,t) return <=0 if s=t
>0 if s>t

The gsort function implements a quick-sort algorithm to sort an array of n elements,
each of size bytes. The argument base is a pointer to the base of the array to be
sorted. gsort overwrites this array with the sorted elements. The argumentcmp is a
pointer to a user-supplied routine that compares two array elements and returns a
value specifying their relationship. gsort calls the compare routine one or more times

during the sort, passing pointers to two array elements on each call.




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

int double_comp{ double =*x, double =y } Framework Of bUbee SOI"[ [13]
1
return {int)(=x - =y) ;
H
int main{ int argc, char=* argu[] )
1
int 1 ;
double a[] = { 4.8, 3.8, 1.8, 2.8, 8.8, 7.0 } ;
qsort{ (void=) a, (size_t) 6, sizeof(double},
(= {int {*){const void=*, const void=}) &double_comp 1} ;

for{i =8 ; 5 »>= 1 ; i++){
printf{"%6.2Ff *, a[i]);
¥ File Edit Wiew Insert Project Debug Tool: Window Help

printf{"\n"} ;
curn & 3 = EHa o = 2 G |NULL
return ;

} | = ~le

*s bubble_sort_pointer - Microsoft Yisual C++ [break] - [C:A AWWCOBWCETSRECYWSORT C]

3636 36 36 36 36 3636 I 36 I I 36 I I I I I I I I I I I I I I I I I I I I I I I IE I I I I I I I I I I I I I I I I I I I N

/* sort the array between lo and hi (inclusive) =/

C:\Program Files\Microsoft Visual P T A

void =base,

Studio\VC98\CRT\SRC\QSORT.c unsigned nunm,

unsigned width,
int {__cdecl =comp){const void =, const void =)

)
=K
1 . char =*1lo, =hi; /* ends of sub-array currently
Exercise: yOU can trace the char =mid; /* points to middle of subarray
source code to find out qUiCk' char =loguy, =*=higuy; /* traveling pointers for parti
. unsigned size; /* size of the sub-array =/
sort algorithm char xlostk[38], *histk[38];

int stkptr; /* stack for saving sub-array t
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Memory address and pointer
Pointer and array

Call-by-value

Pointer array: pointers to pointers
Function pointer

Application of pointer



Application: How to extract value each field of a floating number

single precision

sign exponent]{8-bit) fraction (23-bit)

I I |

ooy Y32 oo o 1) O O O O O Of Of Of OO OO OO0 OO OO O =0.15625
(o] (o] (o]

31 23 0

Bit values for the [EEE 754 32bit float 0.15625

oj0f2/1y(1y2(2/0| |O|Of2|0| |O|O|O|O| |O|O|O|O| |O|O|O|O| |O|O|0O]|O

163 3 E(14) 2 0 0 0 0

float a = 0.15625 ; Question: what is result of
int =alnt_ptr = (int=*) &a ; printf (“%x”, *alnt_ptr)



a=0.15625

*

How to extract sign field




How to extract exponent field

a=0.15625 3/ E/2/0/0/0|0]|O0

g} /'F18/0]0|0|0|O0




How to extract fraction field

a=0.15625 3 E|2|/0/0/0/0]|O0

g} 00 7| F F|F|F|F




Report value of sign, exponent and fraction fields

#include <{stdio.h>
int main{ int argc, char=x argu[] )

o "Fcourse\2008zummeryelanglexamplelchap2iexiract

A.1562580800008008

¢ float a = bhefore shift

int

8.15625 ;

sign = @ ;
JedddBAA

int exponent = @ ; a0
int mantissa = @8 ; . Lie
int =alnt_ptr = (int=) &a ; after shift

a8
Yo
mantisza 2800888
Preszs any key to continue

printf(”a (double )} = %25_.16f\wn", a) ;

sign = =alnt_ptr & Gx880000804 5
exponent = =alnt_ptr & Gx7F8008084 5
mantissa = =alnt_ptr & @x0087FFFFF ;

printf{"\t\t before shiftin™) ;
printf{“sign = %x\n", sign );
printf(“exponent = %x\n", exponent );
printf({"mantissa sxywn"', mantissa );

Question: interpret value of sign,
exponent and fraction after shift

Sign = ( =alnt_ptr & Ox300088888 ) >> 31 ;
exponent = { =alnt_ptr & Bx7F8800888 ) >> 23 ;
mantissa = #=alnt_ptr & Bx8887FFFFF ;

printf("\tyt after shiftiwn™) ;
printf{“sign = %x\n", sign );
printf(“exponent %x\n", exponent );
printf({"mantissa %xywn"', mantissa );

return 8 ;




