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Structure representation of 2D point [1]

point is called structure tag
/

#include 2?édiu.h> . |
/ x and y in structure are called members
{

struct point
int x ; X component of a point
int y ; /7 y component of a point ‘
y s . .
declare variable pt of type structure point, but

int main{ int argc, char=x argu[] )
{ / members x and y are not set.
struct point pt ;

struct point maxpt = { 28, 38 } ; |

4 ; // set x component of puim Initilize maxpt as x = 20 and y = 30

3 ; Ff t t of int pt 3 . .
S SRS L according to order of x and y in type
rintf{"pt = (%d, %d)wn", pt.x , pt.y 3; I
Brintf("l]naxpt = (%d, %d}\n!]', maxpﬂ.xy, maxpt.y ); structure pOInt

\ 4

pt.x
pt-y

printf(“size of structure point = Zdwn", sizeof( struct point) ) ;

return 8 ;
H A

Use dot operator . to access member x
of structure point

Size of structure point = sizeof(x) + sizeof(y)



Structure representation of 2D point [2]

address content
#include <{stdio.h>
struct point { ? maxpt.x
int x ; /7 % component of a point
int v ; /7 y component of a point maxpt
b ? maxpt.y
int main{ int argc, char=* argu[] } 0x00121f78 2 pt.x
struct point pt ; 0x0012ff7c pt
=5} struct point maxpt = { 28, 38 } ; ? pt.y
pt.x = & ; // set x component of point pt as 4
pt.y = 3 ; // set y component of point pt as 3
1
j‘ ante%l: |main[int, charj i‘ = igé;? i‘ Narg:et \.‘r']all.;gw”?s
Name \ |'1.Falue RNEL3 P ~
arg 1 = -858903460
arg 0200372020 Y ~858993460 \ _
naxpt  {...) BT srANRLer Unknown value since
&pt.y BxB8012FF7cC
pt {---% J
&maxpt 0xB012FF70 we don’t set them
= -858993460
1] -858993460
&maxpt.x Ax0812FF70
, &maxpt.y OxBO12FF7h
¥ F10 t {ond
P
® -858993460
1] -858903460




Structure representation of 2D point [3]

#tinclude <stdio.h>

struct point {

int x ; /7 x component of a point address content
int y ; /7 y component of a point
yo
. o > 20
int main{ int argc, char= argu[] )}
{
struct point pt ; > 30
$ struct point maxpt = { 2@, 38 % ;
P P 0x0012ff78 >
= pt.x = 4 ; // set x component of point pt as 4 :
pt.y = 3 ; // set y component of point pt as 3 Ox0012ff7c
?
.‘ .
ﬂ an\text: |main[int, charj ﬂ = i:é;? ﬂ Nan;f:t Eﬂl;gﬂﬁm
Namt:\ |'1.I"alur_: RNEL3 P %
makpt  {...} X -858993460
pt £ 3 u -858003460
&pt.y 8x@812FF7c
tmaxpt Ax8m12++70
] 20
y aa
&maxpt.x 8x8012FF70
T% F10 tmaxpt.y Bx@812FF74
pt {---¥
® -8580034440
L

-858993460

maxpt.x
maxpt.y

pt.x

pty



Structure representation of 2D point [4]

struct point {
int x ; /7 % component of a point
int v ; /7 y component of a point

yos
int main{ int argc, char= argu[] ) address content
{
struct point pt ;
@ struct point maxpt = { 28, 38 } ; 20 maxpt.x
pt.x = 4 ; // set x component of point pt as 4
=5 pt.y = 3 ; 7/ set y component of point pt as 3 30 maxpt.y
printf{"pt = (%d, Zd)\n", pt.x , pt.y ); OX0012ﬁ78= 4 pt.x
rintf{"maxpt = (%d, %d)\n", maxpt.x , maxpt.y );
P P P i 0x0012ff7c
. ? pt.y
ﬂ ant%xt: |main[int, charj ﬁ = in(in ﬂ Name lvalue
inCRT &pt Bx08812FF78
Name\ |Umue RHEL3
pt. 3 X 4
pt. 858993460 Y ~ 858993460
Gpt.x 0x0812FF78
&pt.y 8x0012FF7c
&mazpt B 0012FF7 0
S 28
1] 3a
&maxpt.x Bx0812FF78
] &maxpt.y Bx0B12FF74
ﬁ Flo Pt {---}
® L
y -8589934608




Structure representation of 2D point [5]

struct point {
int ® ; // x component of a point
int y ; // y component of a point

yos
int main{ int argc, charx arqu[] ) address content
{
struct point pt ;
$ struct point maxpt = { 28, 38 } ;
20
pt.x = 4 ; // set x component of point pt as 4
pt.y = 3 ; // set y component of point pt as 3 30
= printf{"pt = (%d, Zd)\n", pt.x , pt.y ); 0x0012ff78
printf{"maxpt = {%d, 2d)\n", maxpt.x , maxpt.y ); 4
. 0x0012ff7¢
. 3
il antext:|main[int, charj ﬂ = i:é;? ﬂ Name [value
Name Value gl &pt Bx0812FF78
pt.x 4 X 4
pt.uy 3 Y 3
&pt -x Bx0012FF78
&pt.y BxB012FF7cC
tmaxpt BxB012++78
® 20
u 318
&maxpt.x Bx0012FF78
&maxpt.y Bx0012FF 74
pt {---3
b L
u 3

maxpt.x
maxpt.y

pt.Xx

pLy



structure v.s. array [1]

#tinclude <stdio.h>

int main{ int argc, charx argu[] }

{
int pt[2] :
int maxpt[2] = { 28, 38 } ;
pt[8] = 4 ; // set x component of point pt as 4
pt[1] = 3 ; // set y component of point pt as 3
printf{"pt = (%d, %d)\n", pt[e] , pt[1] }:
printf("maxpt = (%d, %d)\n", maxpt[8] , maxpt[1] );
return 8 ;

b
pt.x = pt[O] maxpt.x = maxpt[0]
pt.y = pt[1] maxpt.y = maxpt[1]

address content
20 maxpt[0]
30 maxpt[1]
0x0012ff78
@ pt[O]
0x0012ff7c
@ pt[1]

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

struct point pt ;
struct point maxpt = { 28, 38 } ;

4 ; // set x component of point pt as 4
3 ; // set y component of point pt as 3

pt.x
pt.y

printf{pt = {%d, %d)\n", pt.x , pt.y };
printf{"maxpt = (%d, Zd)\n", maxpt.x , maxpt.y };

printf{“size of structure point = %dwn", sizeof{ struct point) ) ;

return 8 ;

Question: why not use array?




structure v.s. array
add a new field into str

[2]

ucture

#tinclude <stdio.h>
finclude <string.h> ]ﬂ

struct point { na

1
¥oi

int

{

int % ; /7 x component of a point
int y ; /7 y component of a point
char name[6] ; /7 name of the point

> ; IS necessary

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

struct point pt ; 2
struct puint maxpt = { 28, 38, "Earth™ } ;

pt.x = 4 ; /7 set x component of point pt as 4
pt.y = 3 ; // set y component of point pt as 3
strcpy{ pt.name, "Uenus") ; /7 set name of pt

4

printf{"pt = (%d, %d, %s )wn", pt.x , pt.y, pt.name );
printf{“maxpt = (%d, %d, %s )\n", maxpt.x , maxpt.y, maxpt.name )};

printf({''size of structure point = %d\n", sizeof{ struct point) } ;

return 8 ;

add a field, character string,
med name

2. add one more initilization
field, string copy is done by
compiler

3. Use strcpy to set name
field of pt

4. add one more output
filed

Advantage of structure: aggregation of heterogeneous data type

Question: How can you do when you use array to implement?



Padding and Alignment of structure [1]

struct point {

int ® ; // x component of a point
int y ; // y component of a point
char name[6] ; // name of the point
P address content
int main{ int argc, char= arqu[] )
{
struct point pt ; pt.x
(=} struct puint maxpt = { 2@, 38, "Earth" } ;
pt.x = 4 ; // set x component of point pt as 4 pt.y
pt.y = 3 ; // set y component of point pt as 3
strcpy{ pt.name, "Uenus”) ; // set name of pt 0x0012ff78 pt.name[O]
. nrr’ntﬂ"nt = (%d. %d. %s dwn". pt.x . pt.u. pt.name }: pt.name[1]
ﬁ Context: |main[int, [:hzj ﬁ @ main( ﬁ Name |"I.r'alur_: pt.name[2]
inC
Name |'1|f'a|ut: :[E;;E &pt Ax8m12++70 t name[3]
&pt-x 0xB012FF70 pt.
Al ! &pt AxA12FF7h 0x0012ff7c
argu Ax003720al Pt-Y pt_name[4]
maxpt  {...} &pt.name 8x8012FF78
&maxpt Bx0812FF6A pt,name[S]
pt 1---3
&maxpt.x 0x0012fF60
amaxpt.y  Bx8B12FF64 ><
&maxpt.name Bx8012fF68 ><
| : 0x0012ff80

e "FACOURSEV008STMMERMW. LANGAR . .
size of structure point

1= 14 (4+4+6)

¢4, 3. UVenuszs »

maxpt = (2@, 38, Earth >
zize of structure point = 16
Press any key to continue

Two bytes Padding by compiler




Padding and Alignment of structure [2]

The padding and alignment of members of structures and whether a
bit field can straddle a storage-unit boundary.

Structure members are stored sequentially in the order in which they
are declared: the first member has the lowest memory address and
the last member the highest

Every data object has an alignment-requirement. For structures, the
alignment-requirement is the largest alignment-requirement of its
members. Every object is allocated an offset so that

offset % alignment-requirement ==

When you use the /Zp[n] option, where nis 1, 2, 4, 8, or 16, each
structure member after the first is stored on byte boundaries that are
either the alignment requirement of the field or the packing size (n),
default is 4.



Padding and Alignment of structure [3]

#tinclude <stdio.h>

/f word = 2 bytes, d
struct 51 {
short a ;

¥l

/f si

struct 52 { // size
int a ;
double b ;
short ¢ ;

¥

struct 53
char
cshort
char
int

=T o B — - TR

int main{ int argc,
struct 51 = ;
struct 52 y ;
struct 53 =z ;
printf("size of
printf("size of
printf("size of
return 8 ;

fF/ size =

Structure S1

0 1
oubleword = 4 bytes, quadword = 8 bytes
ze = 2 bytes, alignment = 2 bytes; Structure S2
a padding b
= 24 bytes, alignment = quadword
1 2 3 4 5 & 7 & 9% 10 11 12 13 14 15
c ‘ padding
16 17 18 19 20 21 22 23
12 bytes, alignment = doublewor. ‘
Structure S3
a | paddin b B addin d
char=* arqu[] ) l e d paceing
0 1 2 3 o 5 6 7 8 9 10 11

struct 51 = %diyn", sizeof{struct S1) )
struct 51 = %din", sizeof{struct 52} )
struct 51 = %diyn", sizeof{struct 53} )

Example from MSDN Library



Padding and Alignment of structure [4]

suggested alignment for the scalar members of unions and structures

from MSDN Library

Scalar Type

INTE

UINTS

INT16

UINT16

INT32

UINT32

INTG4

UINTG&4

FP32 (single precision)
FP&64 (double precision)

POINTER

Z Data Type

char

unsigned char

short

unsigned short

int, long

unsigned int, unsigned long
__int64

unsigned __int64

float

double

B

Required Alignment

Byte

Byte

Word

Word
Doubleword
Coubleword
Quadword
Quadword
Doubleword
Quadward

Quadwaord



Padding and Alignment of structure [5]
alignment rules

The alignment of an array is the same as the alignment of one of the
elements of the array.

The alignment of the beginning of a structure is the maximum
alignment of any individual member. Each member within the
structure must be placed at its proper alignment as defined in the
previous table, which may require implicit internal padding,
depending on the previous member.

Structure size must be an integral multiple of its alignment.

It is possible to align data in such a way as to be greater than the
alignment requirements as long as the previous rules are maintained.

An individual compiler may adjust the packing of a structure for size
reasons.



pointer to structure

#include <stdio.h>

#include <{string.h>
#include <stdlib.hZ
#include <assert.hZ

struct point {

int

int x ; // % component of a point
int y ; /7 y component of a point
char name[6] ; // name of the point

main{ int argc, char= argu[] }

struct point =pt = NULL ; // pt is a pointer

pt = {(struct point =) malloc( sizeof(struct point) ) ;
assert{ pt } ;

pt->x = 4 ; // set x component of point pt as 4
pt->y = 3 ; // set y component of point pt as 3
strcpy{ pt-name, "“Uenus™) ; 7/ set name of pt

printf{"=pt {%d, %d, %s )\n", pt->x , pt->y, pt->name );

printf{"=pt {(%d, %d, %s )wn", {(*pt).x , (*pt).y, (*pt).name );

return 8 ; 2

1. pt->x is equivalent to (*p).x

2. *p.x is equivalent to *(p.x)

since dot operator has higher
precedence than dereference
operator

and Associativity of C Operators

Symboll

[1C().—-= postfix ++ and postfix ——

prefix ++ and prefix —— sizeof & |E| + -l

Type of Operation Associativity
Expression Left to right
Unary Right to left



Nested structure

#tinclude <stdio.h>

struct point {
int x ; /7 x component of a point
int y ; /7 y component of a point
yos

struct rect {
struct point pt1 ; // bottom-left point
struct point pt2 ; // top-right point
yos

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

{

struct rect screen ;

screen.pti.x = B ; <
screen.pti.y = 8 ;
screen.ptZz.x = 4
screen.ptZz.y = 3 ;

(%d, 2d), (%d, Zd)wn",
. Screen.pti.y,
. screen.pt2.y  );

printf(“screen
screen.ptl.
screen.pt.

oo

return 8 ;

screen

pt2=(4,3)

pt1=(0,0)

screen.ptl.x is equivalent to (screen.ptl).x

Since dot operator has left-right assciativity

and screen.ptl is alos a (point) structure

and Associativity of C Operators

Symboll

[1C().-= postfix ++ and postfix ——

Type of Operation

Ewpressian

prefix ++ and prefix —— sizeof & * + — w1 Unary

Associativity

Left to right

Right to left
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Function returns structure [1]

#include <stdio.h>

struct point {
int ® ; // x component of a point
int y ; // y component of a point

¥

struct rect {
struct point pt1 ; // bottom-left point
struct point pt2 ; // top-right point

¥ 1. declare function makePoint which
struct point makePoint(int x, int y) ; accepts two integer and return a

int main{ int argc, charx argu[] ) structure

{

struct rect screen ;

3 screen.pt1 = makePoint{@, 8} ;
3. assign return-value (structure temp)

_ to structure screen.ptl. Such
printf{"screen = {%d, %d), (%d, %Zd)\n", . . . .
screen.pt1.x , screen.pti.y, assignment is done by compiler, it does
screen.pt2.x , screen.pt2.y ¥;
memory copy.

screen.pt2 = makePoint({4, 3) ;

return 8 ;

S
struct point makePoint{int x, int y) ] .
¢ _ 2. structure temp is a local variable, x of temp.x
struct point temp ; . . . . .
5 temp.x = x ; Is a field name but x itself is also a local variable,
S ArR e both x’s have diff '
return temp ; oth X's have different meanings.



Function returns structure [2]

struct rect {
struct point pt1
struct point pt2

/f/ bottom-left point
/f top-right point

¥
struct point makePoint{int x, int y) ;

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

{
struct rect screen ;
@ | screen.pt1 = makePoint(®, 8) ; H F11 2 * makePoint
screen.pt2 = makePoint{4, 3) ;
printf{“screen = {%d, %d), (%d, %d)\n",
screen.pt1.x , screen-pti.y,
crroon ntD? v crroon kD2 0 -
I
ﬂ Context: |main[int. char * *) j ﬂ w main({i ﬂ Name [value
mainCR &screen 0x0B12FF7D
MName |‘||f'a|ut: KERHEL 1
argc 1 p {---}
argu 0x 06372 6c 0 X ~858993460
screen {...} L -858993468
screen.pti {0} pt2 {---7
® -85H993468
y -8589934468




Function returns structure |[3]

struct point makePoint{int x, int y)

{
struct point temp ;
T temp.x = x ; ) o, ]
temp.y = y ; % F10 =~ 7%, assign x and y to temp
return temp ;
b
[ |
ﬂ Context: |makt:F"uint[int, int] j ﬁ = makePo ﬁ Name |'1.I"alur_:
main{1i &SCreen CiXBA17: Error: symhol “'screen’”™ not found
Mame [Value LR &t 0x8012Fef
tenp £---2 KERNEL o —:58993‘;6;
temp.x ~8589934608 %
« 0 y -858993460
y 8 e Bx86812ff0Bc
&y 0x8612fF18
struct point makePoint{int x, int y)
1
struct point temp ;
temp.x = ® ;
temp.y =y ; , Sl E .
2| return temp ; ' F10 ¥55¢] makePoint
¥
ldd |
ﬂ Context: |makt:F'uint[int, int) j ﬂ = makePo ﬁ Name |'1.r'alue
main{1 GSCHEEn Cx8@817: Error: symbol “screen” not found
Mame |‘I.r'alu& mainCR AR L B
temp {---3 KERNEL e ﬂx e
temp.y a %
y 0 4 -
(i3 Bx8012ff0c
txl) Bxe012fF18




Function returns structure

=} screen.pt1 = makePoint{@, 8) ; jf% Flo [,LE COpy E}J [,LE
screen.pt2 = makePoint{4, 3) ;
‘ e ch e e eme meae
% Context: |main[int, char * #) j % = main{i ﬂ‘ Name lvalue
= A1 maincr |-UF5 ascreen BxB012FF70
Name |'1.r'alur: KERNEL
argc 1 pt1 {---}
argu 0x883726c0 X ~858993460
- (.. 1] -858993460
screen.pti {...% pt2 {---7
makePoint ret {_..% * Lkl D
y -8589934608
$ screen.pt1 = makePoint{8, @) ;
o | screen.pt? = makePoint{4, 3) ;
- e cr e men eme e
% Context: |main[int, char * *) j ﬂ‘ = main{i %l Name lvalue
= A" maincr |[-U[T ascreen Bx0012FF70
Name |'1|f'a|ut: KERHEL
H screen £...% pti {---2
screen.pti f...} % 9
screen.pt2 £...) Y ;)
pt2 {---}
® -8589934648
-8589934564

¥

[4]

update screen.ptl



Header file (152pEif)

main.cpp

#tinclude <stdio.h>

[1]

makePoint.cpp

struct point {
int x ; /f % component of a point
int v ; /f y component of a point
ros

struct rect {
struct point pt1 ; // bottom-left point
struct point pt2 ; // top-right point
ros

struct point {

¥ s

struct rect {

¥ s

int x ; /7 x component of a point
int y ; /7 y component of a point

struct point pti
struct point pt2

// bottom-left point
/f top-right point

struct point makePoint{int x, int y) ;

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

struct rect screen ;

screen.pti makePoint{a, 8) ;

struct point makePoint(int x, int y)

{

struct point temp ;
temp.x = % ;

temp.y = y ;

return temp ;

screen.pt? makePoint{4, 3) ;

printf(“screen = (%d, %d), (%d, %d)wn",
screen.pti.x , screen.pti.y,
screen.pt?.x , screen.ptZ.y Y;

return 8 ;

Question: can we eliminate duplication of

structure definition?

=1
05 Workspace 'rectangle’: 1 project|
- rectangle files
-5 Source Files
main.cpp
[#] makePoint.cpp |
[ Header Files
[ Resource Files




Header file (f52pEif)

New

Files l Projects ] Other Documents |

+#|Active Server Page
| Binary File
i&f| Bitmap File

[ C++ Source File

= Cursor File

Fortran Fixed Format Source File
Fortran Free Format Source File
[8] HTML Page

- Jlcon File
- File

main .Cpp 'ree Script

irce Temnlate

#tinclude <stdio.h>

#include “point_rect.h”

struct point makePoint({int x, int y) ;

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

{

screen.pti
screen.pt2

printf{"screen

struct rect screen ;

makePoint{Aa, A8} ;

makePoint{4, 3) ;

screen.pt1.x , screen.pti.y,
screen.pt?2.x , screen.pt?.y

return 8 ;

(%d, 2d), (%d, %d)\n",

):

v Add to project:

[2]

rectangle

i) C/C++ Header File ] 2245/ hegder file

File

|puint_rﬂcﬂ

Location:

B

2. fit £, point_rect.h

|F:'||,CDUFlSE'-,ZI]I]ESUMMEFl'-,C_Lﬁ; J

#include “point_rect.h”

struct point makePoint(int x, int y)

{
struct point temp ;
temp.x = x ;
temp.y =y ;
return temp ;
H

2=
5 Workspace "rectangle; 1 project]
- rectangle files
-3 Source Files
main.cpp
makePoint.cpp
-9 Header Files

[ Resource Files

makePoint.cpp

point_rect.h —

struct point {

¥

int x ; // » component of a point
int y ; // y component of a point

struct rect {

struct point pt1 ; // bottom-left point

struct point pt2 ; // top-right point



Header file (15 pFift): typedef

point_rect.h

typedef struct point {
int ®x ; //f % component of a point
int y ; 7/ y component of a point
¥ pointType ; _

typedef struct rect {
struct point pt1 ; // bottom-left point
struct point pt2 ; // top-right point

# rectType ;

makePoint.cpp

#include “point_rect.h”

pointType makePoint{int =, int y)

{
pointType temp ;

L

v ;

temp.x

temp.y

return temp ;

[3]

symbol pointType is equivalent to struct point

main.cpp

#include <stdio.h>

#include “point_rect.h"

pointType makePoint{int =, int y) ;
int main{ int argc, charx argu[] }

{

rectType screen ;

screen.ptl makePoint{8, @) ;

screen.pt2 makePoint{4, 3} ;

screen.pti.x , screen.pti.y,
screen.ptZ.x , screen.pt2.y

return 8 ;

printf{"screen = (%d, %d), (%d, %Zd)\n",

)3
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Array of structures [1]

#tinclude <{stdio.h>

#include “key.h" 1. number of elements in arr

/f list of all C keywords, see page 192 of textbook
keyType keytab[] = {

v s

/f quantity NKEYS is number of keywords in array keytab
#idefine HKEYS ( sizeof keytab / sizeof{keyType) )

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

{""auto" .8}, {"double",B8}, {"int" LB}, {"struct”
{"'break"’ .08}, {"else" ,08}, {"long" LA}, {"switch"
{"case" L8, {"enum'" L8}, {"register",ﬂ}, {"typedef"
{"char" LAY, {"extern',8Y, {"return" 8%, {"union"
{"const" L8}, {"Float" ,8}, {'"short" L8, {"unsigned'
{"continue',8%, {"for" .8}, {"signed" ,8}, {"void"
{"default" ,8}, {'goto" ,8}, {"sizeof" ,8%, {"volatile’
{"'do"’ LAY, {UiFM LA}, {"static" ,8}, {"while"

.8,
.8,
.8,
.8,

L

.8,

L

.0}
2. S
in a
dete

ay keytab is determined by compiler

ince compiler know number of elements
rray keytab, hence NKEYS can be

2rmined by coompiler

{
int i ;
For (i=8 ; i < NKEYS ; i++){
if { 8 ==1 % 3 ) printf{"\n"};
printf(“keytab[%2d] = %6s\t", i, Keytab[i].word };
H
printf{"'\n"); 2
return @ ;
H

3. keytabli].word is equivalent to (keytabli]).word

since [ ] and . Have the same precedence and
associativity is left-right

/* write a program to count the occurrences

of

each C keyword.

HKEYS = number of C keyword
char= keyword[HKEY3] : record name of keyword
int keycount[HKEYS] : record occurrence

%/

typedef struct key {
char =word ; // keyword of C-language
int count ; 7/ number of keyword in a file

¥ keyType ;




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

{
int i ;
o For (i=8 : i < MKEYS ; i++){
if {( 8 ==1 % 3 ) printf{"wn");
printf(“keytab[%2d] = Z6s\t", i, keytab[i].word };
H
printf{\n"});
return A ;
¥
ld |

Array of structures [2]

ﬂ antext:|main[inj ﬂ o a ﬂ‘ Name |Va|ue
d keytab Bx88424a30 struct key = keytab
; E £l &keytab[ B8]  Bx88424a30 struct key = keytab
' argu BxBBE?Z word 0xB8042211c "auto”
i ~858993 COUnE L)
keytab Bx8042Y4 = Gkeytab[1]  8x00424a38
struct word 0x 00422114 “'double*
key * count a
H &keytab[2] ©x00424a40
H word 9x 080422118 "int"
count a

keytab is unsorted array under lexicographic order

keytahl A1 = auto
keuytabl 31 = struct
keuytabl 61 = long
keuytabl 91 enum
char
union
short
= for

= default

volatile
= static

keytahl 11
keytabl 41
keytabl 7?1
keytabli@]
keytahl131
keytablic ]
keytabl191
keytabl221

keytahl251 =

keytabl281
keytabl311]

Press any key to continue

double
break
suwitch

register

extern
const

unsigned

signed
goto
do
while

keytahl 21 =
keytabl 51 =

keytabl 81
keytabli11]
keytahl141]
keytabl1?1
keytabl281]
keytabl231
keytahl261
keytabl291

int
else
case
typedef

return
float

continue
void
sizeof
if

address

0x00424a30

0x00424a34

0x00424a38

0x00424a3c

0x00424a40

0x00424a44

content

0x0042211c

0x00422114

0x00422110

keytab[0].word

keytab[0].count

keytab[1].word

keytab[1].count

keytab[2].word

keytab[2].count



0x00422110

0x00422114

0x00422118

0x0042211c

0x00422120

Array of structures [3]

i address content
n
: 0x00424a30
0x0042211c | keytab[0].word
\O 0x00424a34
d < 0 keytab[0].count
0x00424a38
o] 0x00422114 keytab[1].word
u 0x00424a3c
0 keytab[1].count
b 0x00424a40 ytabl1]
I 0x00422110 | keytab[2].word
e 0x00424a44
\0 0 keytab[2].count
a

\0

keytabl[i].word is only a pointer, we can use
quick sort to sort them.



Array of structures [4]

#include
#include
#include

#tinclude

{stdio.h>
{stdlib.h>
{string.h>

“key.h"

ff list of all C keywords, see page 192 of textbook

keyType keytab[] = {

{"auto" .0}, ¢{"double™,B8}, {"int" L8y, {Ustruct” @3,

{"break" .8}, {"else" ,8}, {"long" ,8%, {"switch" ,@%,

{""case” .0}, {"enum" 8}, {"register",B8}, {“"typedef” ,08},

{"char" .8, {"extern",8y, {"return" .08, {"union" L8},

{"const*  ,@}, {“float" ,@}, {“short" ,B}, {“unsigned“,8},

{"continue",8}, {"for" .8}, {"signed" ,8}, {"void" L8y,

{"default" ,@0}, {“"goto” ,8}, {"sizeof" ,B}, {“volatile“,e@},

{"do" L0}, {"if .8}, {"static" ,8}, {"while" ,8} ES()FtEE(j I((E)/tfit)
-

/7 quantity HKEYS is number of keywords in array keytab
fidefine HKEYS ( sizeof keytab / sizeof(keyType} )

keytab[@] auto keytabll]l = hreak keytab[2]1 = case

char keytahl4] const keytahblI51 continue
= default keytahl?1] do keytahl81 double
int keyword_cmp{ keyType *s, keyType =t } else keytahl[i18] enum keytabli1] extern
{ float keytabli3] for keytab[i4] = goto
return stremp( s->word, t->word ) ; if keytahl[16] int keytah[1?1 =  long
3 register keytabl171] return keytab[28] = short
signed keytahl221] zizeof keytabhl231] static
struct keytahbl251 switch keytabl261] typedef
union keytab[281 unsigned keytab[29] void
int main{ int argc, char= argu[] ) volatile keytah[31] while
{ Press any key to continueg

int i ;

qsort{ (void=) keytab, (size_t}) HKEYS, (size_t) sizeof(keyType),
{int (*){const void=, const void=)}) &keyword_cmp } ;

for (i=8 ; i < MKEYS ; i++){
if ( 8 ==1 % 3 ) printf("wn");
printf(“keytab[%d] = %6s\t", i, keytab[i].word );
¥
printf{"\n"};

return 8 ;




main.cpp

#include
#include
#include

#include

{stdio.h>
{stdlib.h>
{string.h>

“key.h"

/f list of all C keywords, see page 192 of textbook

keyType keytab[] = {
{"auto™ .8%, {"double™,8}, {"int" L8}, {"struct" ,B8},
{"break" .8}, {"else” ,8}, {"long" L8}, {"switch" ,B8},
{"case™ .8}, {"enum" ,8}, {“register",8}, {“typedef” ,B8},
{"char" LAY, {"extern™,8}, {"return"” ,8%, {"union"™ , 8},
{"const" L8, {"float" ,8}, {"short" +8%, {“unsigned“, B},
{"continue® 8%, {"For" .8}, {"signed" ,8}, {"void" .8y,
{"default" ,8}, {"goto” ,8}, {"sizeof" ,@8}, {“volatile™,8},
{"do" LAY, {Uifm .8}, {"static" ,8}, {"while" L8}

¥ s

/7 quantity HKEYS is number of keywords in array keytab

fidefine HKEYS

int

{
H

int

int

{ sizeof keytab / sizeof(keyType) )
keyword_cmp{ keyType =5, keyType =t }

return stremp( s->word, t->word ) ;

linear_search{ char =key, keyType =base, size_t n ) ;

main{ int argc, char= argu[] )
char key[] = "endfor' ;

qsort( (void=) keytab, (size_t) HKEYS, (size_t) sizeof(keyType),
{int {*){const void=, const voidx)} &keyword_cmp ) ;

if { 8 > linear_search{ key, keytab, HKEY¥S) ){
printf{" y"%s\" is not a keywordin®, key};
relsef
printf (" \"%s\" is a keywordin™, key );
H

return 8 ;

Array of structures: linear search [5]

linear_search.cpp

#include <{stddef.h>
#include <string.h>
#include "key.h"

F=
Given keyType array base[8], ... base[n-1]
check if key is a keyword in array base
*f
b int linear_search{ char =key, keyType =base, size_t n )
{
size_t i ;
For{ i=8 ; i < n ; i++ }{
if { B == strcmp( key, base[i].word } }
return 1 ;
S
return -1 ; #/ not found
¥
<0 if s<t
protocol (17:): stremp(s,t) return =0 if s=t
>0 if s>t

« "FACOURSEAXDDE3TUMMERYC. LA

endfor'" iz not a keyword

Press any key to continue




Observation of linear search

« Data type of key and base are immaterial, we only need to
provide comparison operator. In other words, framework of
linear search is independent of comparison operation.

 We have two choices for “return location of base[ ] ] ”, one is
array index and the other is address of base[ | | , which one is
better?

pseudocode
Given array base[0: n—1] and a search key
key and base may have different data type

for j=0:1:n-1
if base| j | == key then

return location of basef j | User-defined comparison operation

endfor
return not-found



drawback of current version

1. Explicitly specify type of key and type of base, this violates
observation “data type of key and base are immaterial”

2. Explicitly specify comparison operation strcmp, this violates
“comparison operator is independent of linear search”

3. Specify base[i].word, word is a

1
/ \ field binding to data type keyType,

int linear_search{ char =key, keyType =base, size_t n )} th|S VIOlat_eS data_type Of key and
¢ _ base are immaterial”.
size_t 1 ;
For{ i-B ; i < n ; is+ M Besides, base]i] require data type of
2 base implicitly since compiler needs to
1F (8 == stremp( key, base[i].vord ) ) translate address of base[i] as
, AGETLRERE 3 base+sizeof(keyType)*i , this violates
o LG G L G “data type of key and base are
immaterial”.




framework of linear search [1]

#include <stddef.h> int linear_search{ char =key, keyType =base, size t n )
#include {string.h> { - -
#include "key.h" 1 size t i
/* Given keyType array base[8], ..< base[ng1] For{ i=0 ; i < n ; i++ )¢
check if key is a keyword in atray base
void#*  linear_search{ const void =key, const void =base, if { 8 == strcmp{ key, base[i].word ) )
size_t n, size_t size,
int (=cmp)({const void =keyval, const void =atum) return i ;
d . . return -1 ; // not found
size_t 1 3
char *a_i ; // &base[i]
char =*=a = {char=) base ;
for{ i=@8 ; i < n ; i++ ){

) -1 -3+ sizext; 1. NOT explicitly specify type of key and type of base

if { 8 == (=cmp){ key, a_i ) ){
return a_i ;

}
3 . . . . .
Feturn NULL : /7 not found 2. NOT explicitly specify comparison operation strcmp
’ |

3. NOT specify base[i].word, also replace &base[i] by base+sizeof(keyType)*i

Question: why do we need character pointer a? Can we use base directly?



#include <{stdio.h>

#include <stdlib.h>

#include <{string.h>

#include "key_h"

f/ list of all C keywords, see page 192 of textbook
keyType keytab[] = {

{"auto" ,8%, {"double",B8%, {"int" L8, {"struct" ,8},
{"break" .8}, {"else” .8}, {"long"” L8}, {"switch™ ,8},
{"case" .8}, {"enum" ,8}, {“register”,8}, {"typedef" ,B8},
{"char" ,8%, {"extern”,8}, {"return™ ,08%, {"union" 8%,
{"const"” ,8, {"float™ ,8}, {'short™ S8}, {"unsigned",ﬂ},
{"continue",8}%, {"for" .8}, {"signed" .8}, {“void" L8y,
{"default"” ,8}, {"goto" ,8}, {"sizeof" .8}, {"volatile",B8},
{"do" LBy, {UifT LA}, {"static™ ,8}, {"while" L83

L
// quantity HKEYS is number of keywords in array keytab
#define HKEYS ( sizeof keytab / sizeof{keyType} )

int keyword_cmp{ chatl*keyual, keyType =datum )
{
return strcemp( keyval, datum—>word ) ;

}

void= linear_search( const void =key, const void =base,
size_t n, size_t size,
int (*cmp){const void =keyval, const void =atum) ) ;

int main{ int argc, char* argu[] )
{
char key[] = "endfor" ;

2 keyType  =found_key ; // result of linear search
2

qsort( (void=) keytab, {size_t) HKEYS, (size_t) sizeof{keyType),

{int {=*){const void=*, const void=)) &keyword_cmp ) ;

2 1
found_key = (keyType=) linear_search( key, keytah,2
HKEYS, sizeof{keyType),
(int (*)(const void*, const void#)) &keyword_cmp ) ;

if { HULL == found_key ){
printf{*” Y%s\" is not a keywordin™, key);
yelsed

printf({” v'%s\" is a keywordin', found_key->word );
b

return @ ;

framework of linear search [2]

1. search key must be consistent with
keyval in comparison operator, say key
and keyval have the same data type,
pointer to content of search key

2. keytab[i] must be consistent with
*found_key, they must be the same type and
such type has sizeof(keyType) bytes

FACOURSEA2O08STHMMERYC_L A

"endfor'" iz not a keyword

Prezsz any key to continue



framework of binary search [1]

#include <stddef.h>

/* Given keyType array base[8], ... base[n-1]
check if key is a keyword in array base =/

vnids= binsearch({ const void =key, const void =base,
size_t n, size_t size,
int (=cmp)(const void =keyval, const void =datum)
}
{
size_t 1low, high, mid ; // index of array base,

/f always keep low < mid < high
int cond ; // comparison result of key and base[i]
char =a_i ; // &base[i]
char =*=a = {char=) base ;

low = @ ; high = n ;
while{ low < high ){
mid = low + (high - low)/2 ;
a_i = a + size=mid ;
cond = (=cmp){ key, a_i ) ;
if { 8 > cond )}
high = mid ;
else if ( B < cond )
low = mid + 1 ;
else
return a_i ;
H
return HULL ; 7/ not found

#tinclude <stddef.h>

/* Given keyType array base[8], ... base[n-1]
check if key is a keyword in array base =/

void* 1linear_search{ const void =key, const void =base,

size_t n, size_t size,

int (=*cmp){const void =keywal, const void =atum}

)

size_t 1 ;
char *a_i ; // &base[i]
char #=a = {(char=) base ;

for{ i=8 ; i < n ; i++ )¢
a_i = a + sizexi ;

if ( 8 == (xcmp){ key, a_i ) K
return a_i ;
H

¥
return HULL ; /f not found

since “endfor” is not a keyword, under linear search algorithm, we
need to compare all keywords to reject “endfor”. We need another
efficient algorithm, binary search, which is the best.



key = “endfor”

low =0
keytab[O]

auto

mid = 16
keytab[16]

int

“‘endfor” < keytab[16] = “int”

low =0
keytab[O]

auto

mid =8
keytab[8]

low =9
keytab[9]

double

framework of binary search [2]

keytab[31]

high = 32

while

high =16
keytab[16]

“endfor” > keytab[8] = “double”

mid =12
keytab[12]

int

else

float

high = 16
keytab[16]

“‘endfor” < keytab[12] = “float”

int




framework of binary search [3]

low =9 mid =10 high =12
keytab[9] keytab[10] keytab[12]
else tee enum *e float

“endfor” < keytab[10] = “enum”

low =9 mid=9 high =10
keytab[9] keytab[9] keytab[10]
else e else ce enum

“endfor” > keytab[9] = “else”

low=10 high = 10
keytab[9] keytab[10]

low == high, not found enum enum




framework of binary search : standard library [4]

Page 253 in textbook, binary search algorithm is included in stadard C library,
stdlib.h

void* bsearch( const void *key, const void *base,
Size_tn, size tsize,

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

Objective : bsearch seraches base[0],..., base[n-1] for an item that matches *key

Requirement : base must be in ascending order

<0 if s<t
protocol (f7%): *cmp(st) return 1=0 if s=t
>0 if s>t

Return : pointer to a matching item or NULL if none exists
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- formulation
- traversal
- de-allocation



Self-referential structure: linked list [1]

typedef struct key {
char =word ; // keyword of C-language
int count ; // number of keyword in a file

¢ keyType ;

keytab[0] keytab[l] keytab[2] keytab[31]
auto break case while
contiguous (arra Tt
g (array) 0 0 0 0
keytab[O] keytab[1] keytab[2] keytab[31]
dis-contiguous auto break case while
(Linked list) o | 1 o R T .
TS~ /‘/\'\‘ - /‘/./I:/ -
How to implement such logical link? “'\'1.—;: We need pointer ./\-_4::;
=T, N N
LT A\‘\‘\// DAY



Self-referential structure: linked list [2]

keyList.h key.h
typedef struct keylListEle { typedef struct key {
char word[16] ; /4 keyword of C-language char =word ; // keyword of C-language
int count ; // number of keyword in a file int count ; // number of keyword in a file
struct keyListEle =next ; 7/ next entry in the chain } keyType ;
¥ keylListEleType ;

word
next
count
case
. - - - .
Discontiguous (Linked list) 0
while
auto break po >
3 ° y 0 null
char
._—> e o o
0

Question: How to write code to implment this graph?



Self-referential structure: linked list [3]

#tinclude <stdio.h>

#iinclude <(string.h> o7 "FACOURSE2008SUMMER'C_LANG\EX AMPLE\CHAP6\inkListDebug\linkList e

#include <stdlib.h> -l - — shieins =9

#include <{assert.h> [BxB03742D6]1 : word = auto, count B, next BxB6374018
[BxB0374018] : word = hreak, count B, next BxBBBBBBBHE

#include “keylList.h* Press any key to continue

int main{ int argc,
{
keyListEleType
keyListEleType
keyListEleType

Ff First element in

char# argu[] )}

HULL ;
HULL ;
HULL ;

*keytablist
#=unitEle
*#*plePtr

linked list

/ unitEle {keyListEleTypex) malloc{ sizeof({keyListEleType) } ;
assert{ unitEle )} ;
strocpuy( unitEle->word, "auto™ ) ;

{ unitEle-*count = @ ; T ”
R T: ST ¢ 1. create an element of keyword “auto” and
set its address to keytabList
| keytablList = unitEle ;

ff second elements in linked list

( unitEle {keyListEleType=*) malloc{ sizeof(keyListEleType) ) ;
assert{ unitEle } ;
strcpy( unitEle-word, "break" ) ;

{ unitEle->count = 8 ; 2. create an element of keyword “break” and set it
s Ll to be next element of keytabList
\ keytablList->next = unitEle ;

for { elePtr keytahList ; HULL *= elePtr ; elePtr
printf{"[B8=%p] : word = %8s, count = Zd, next
elePtr->word, elePtr->count, elePtr->next };

elePtr->next ){
8x%p\n", elePtr,

return 8 ;

3. sweep list pointed by keytabList



address

0x00374A18

0x00374A28

0x00374A2c

0x00374A30

Self-referential structure: linked list [4]

content

break\0

A

0

0x0000000

et "FACOURSEAO08STMMERM. L ANGAEX AMPLEVMCHAPGinkL isfADebug\linkl. izt ¢

word[16]

count

next

[BxBA3749DA] : word
[AxBA374A18] = word

Pres=z any key to continue

auto, count
break. count

address content
0x003749D0
auto\0
0Ox003749E0
0
0x003749E4
0x00374A18
0x003749E8

B, next
B, next

A:xAB374A18
AxAABERAAN

word[16]

count

next



Self-referential structure: linked list [5]

keytabList | 0x00000000

empty list

7/ First element in linked list

unitEle

0x003749D0

unitEle = (keyListEleType=) malloc{ sizeof{keylListEleType} ) ;

assert{ unitEle } ;

strcpy( unitEle-*word, "auto" )} ;

unitEle-*count = 8 ;
unitEle-*next = HULL ;

auto\0
0x003749E0
0
0x003749E4
0x00000000

word[16]

count

keytablList |0x003749D0

keytabList = unitEle ;

unitEle | 0x003749D0

0xo(®‘

/ auto\0

0x003749E0
0
0x003749E4

0x00000000

word[16]

count

next



Self-referential structure: linked list [6]

F// second elements in linked 1list

unitEle

0x00374A18

unitEle = (keyListEleType=) malloc{ sizeof{keylListEleType) ) ;
assert{ unitEle ) ;

strocpuy( unitEle->word, "break" ) ;

unitEle->count =

g ;
unitEle->next = HULL ;

keytabList->next = unitEle ;

0x00374A18

0x00374A28

0x00374A2c

®

0x00374A28

0x00374A2c

0x003749D0

0x003749E0

0x003749E4

break\0

0

0x0000000

auto\0

0

keytab List | 0x003749D0
break\0 word[16]
0 count
0x0000000 | next

0x00374A18

word[16]

count

word[16]

count

next



Self-referential structure: traverse linked list [7]

elePtr = keytablist

keytabList |0x003749D0

0x003749D0
/ auto\0
elePtr | 0x003749D0 u word[16]
0x003749E0
0 count
0x003749E4
0x00374A18 | next

printf{"[8x%p] : word = %8s, count = %d, next = Bx%pin", elePtr,
elePtr->word, elePtr->count, elePtr->next );

[BxHA3749DB] @ word = auto, count = B, next = BAxHAI/4A18

elePtr = elePtr->next
elePtr | Ox00374A18




Self-referential structure: traverse linked list [8]

0Ox00374A18
NULL t= elePtr elePtr | 0x00374A18 / SR word[16]
0x00374A28
0 count
elePtr = 0x00374A18 =0 0x00374A2c
0x0000000 | next

printf{"[8x%p] : word = %8s, count = %d, next = 8x%pwn", elePtr,
elePtr->word, elePtr->count, elePtr->next });

[Bx88374018]1 = word = break, count = B, next = BxBAARAEA

elePtr = elePtr->next elePtr | 0x00000000

NULL *= elePtr elePtr = 0x0000000 == 0, terminate



Self-referential structure: de-allocation [9]

int main{ int argc, charx argu[] }

{

keyListEleType =keytabList = HULL ;
keyListEleType =unitEle = HULL ;
keyListEleTypE #gplePtr = HULL ;
keyListEleTypE =prevElePtr = HULL ;

printf({"sizeof(keyListEleType) = %din", sizeof{keyListEleType) }

Ff First element in linked 1list
unitEle = (keyListEleType=) malloc{ sizeof{keylListEleType) ) ;
assert{ unitEle } ;
strcpy( unitEle-*word, "auto" ) ;
unitEle-*count = @ ;
unitEle-*next = HULL ;

keytabList = unitEle ;

elePtr
ff second elements in linked list
unitEle = (keyListEleType=) malloc{ sizeof{keylListEleType) ) ;
assert{ unitEle } ;
strcpy( unitEle-word, "break" ) ;
unitEle->count = @ ; prevEIePtr —» >
unitEle-*next = HULL ;
keytabList->next = unitEle ;
/7 deallocate free( prevElePtr)

prevElePtr = keytablList ;

while{ HULL *= prevElePtr }{
elePtr = prevElePtr-2next ;
free( prevElePtr } ;
prevElePtr = elePtr ; elePtr ———

?

return 8 ;



Self-referential structure: wrong de-allocation [10]

/f second elements in linked list
unitEle = (keyListEleType=) malloc{ sizeof{keyListEleType) ) ;
assert{ unitEle ) ;
strocpy( unitEle->word, "break" ) ;
unitEle->count = @ ;
unitEle->»next = HULL ;

keytabList->next = unitEle ;

for { elePtr = keytahLiSt ; HULL t*= elePtr ; elePtr = elePtr->next ){
printf{"[08z%p] : word = %85, count = %d, next = @x%p\n", elePtr,
elePtr->word, elePtr->count, elePtr->next ) ;

¥

/f wrong deallocation
for { elePtr = keytahLiSt ; HULL t*= elePtr ; elePtr = elePtr->next ){
free{ elePtr ) ;

¥

Microsoft ¥isnal C++ Debug Library | x

@ Diebug Assertion Failed!
Programy; . E20023TMMERM. LANCGAEXAMPLEVCHAPA kL istDebughlinkT ist exe
File: dbgheap
Line: 1044
Expression: _CrilsValidHeapPomter(plTsrData)

For tnformation on how wour program can cavss an asertion
failure, see the Vimal C++ documentation on asserts.

(Prez: Retor to debng the application)
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