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Structure



The Type Definition (typedef)

* A type definition, typedef, gives a name to a data type by
creating a new type that can then be used anywhere a type is
permitted.

« T2 A 2 Al 242 A0S

Any standard Traditionally
or derived type uppercase

\ 4
typedef type IDENTIFIER;

typedef int INGETER;




Derived Type
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Enumerate Type
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Declaring an Enumerated Type

enum typeName { identifier list };
enum COLOR { RED, BLUE, GREEN, WHITE };

enum COLOR skyColor;



Initializing Enumerated Constants

enum MONTHS {JAN, FEB, MAR, APR};
identifier A= H{|A 0 T 2 3

enum MONTHS {JAN = 1, FEB, MAR, APR};
enum COLORS {RED, ROSE=0, CRIMSON=0, BLUE, AQUA=1};



Operations on Enumerated Types

e enum COLORS colorl, color2;
colorl = BLUE;

color2 = coloril;

e if (colorl == color2)
if (colorl == BLUE)

e switch (colorl) {
case BLUE: ..



Enumeration Type Conversion

Nt AIE0 2 SEHE

e int x; enum COLORS vy;
X = BLUE; y = 2;

e enum COLORS vy;
y = (enum COLORS) 2;



Anonymous Enumeration: Constants

e enum {space = ¢ ¢, comma = ‘,’, colon = “:’};
e enum {OFF, ON};



Structure Type
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Structure Declaration

// Global Type Declarations h // Global Type Declarations B
struct STUDENT tyvpedef struct
{ {
char 1d[10]; char i1d[10];
char name[26]; char name[26];
int gradePts; int gradePts;
I } | STUDENT ;
// Local Declarations // Local Declarations
struct STUDENT aStudent; STUDENT aStudent;




Initializing Structures

int X;
int Vi
float t;
char u;
} SAMPLE;

typedef struct h

SAMPLE sami1 = {2, 5, 3.2, 'A'},;

2

X

AR

/

SAMPLE sam2= {7,3}; . )
filled with
‘/’/ null (\0')
0.0 \O

3

X

u
filled with
float zero



Accessing Structure Elements

typedef struct sam1

{

float t; ptr
char u;
} SAMPLE;
SAMPLE saml; sami |. X (*ptr) |. x ptr |-> X
SAMPLE* ptr;

Direct Selection Indirection Indirect Selection

ptr = &saml;

Three Ways to Reference the Field x

(*pointerName).fieldname <¢==) pointerName->fieldName.



Nested Structure

stamp

stamp.date.month

7 — ~
y N
month day year hour min sec
date N__ time
stamp.date



Arrays in Structures

// Global Declarations
tyvpedef struct student.name[4] student.midterm[1]
{ Pl Pl
char name[26] ;
int midterm[3];: — - ,
| . name midterm /] final
int final; —
. student.final
) STUDENT ; , student K
// Local Declarations
STUDENT student;




Array of Structures

SstuAry [ O

StuAry [ 1]

StuAry [ 2]

stuAry [ 49 ]

stuAry



Passing Structures Through Pointers

main multFr( &fr1, &fr2, &res )
fr1 res
numerator denominator numerator denominator
A
fr2 <t
numerator denominator

volid multFr (FRACTION *pFrl, [EL
FRACTION *pFr2, ‘ I l I ‘ I
FRACTION *pRes)

( pFr2  pFri pRes

pRes->numerator
pRes->denominator
return;

} // multFr

pFrl->numerator * pFr2->numerator;
pFrl->denominator * pFr2->denominator;




Structure Application

o Structure Hi <& struct AA ary[10];
e Structure ZOIE{ H|E struct AA *ary[10];

e 5t Structure 29| EQIE] element?t C}2 StructureE 72| ZICt
- Linked Liste| a4 74'E!!



Example
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Union Types

o 1|} H|==SIC}. MAH AL E L3 =
« Lt Element 20| M| 22| & &+

o YA 24

37| = A2A LHFL| 718 2 HaL| 37

< ————— > <-————- >
chAry[0] | chAry[1] :
union shareData ‘A | ‘B’ |
|
{

char chAry([2];
short num; 16706 :
b num |
- ——————————— >

Both num and chAry start at the same memory address. chAry [0 ]
occupies the same memory as the most significant byte of num.



Example

typedef union {
short num;
char chary[2];
} SHORTCHAR;

SHORTCHAR data;

data.num = 16706; // 1000001 01000010 = 65 66
printf("Short: %hd\n", data.num); Results:
printf("Ch[0]: %c\n", data.chAry[0]); Short: 16706

Ch[0]: A

printf("Ch[1l]: %c\n", data.chAry[l]);
Ch[1l]: B



Union Application

typedef struct
{

char 1nit;

} PERSON;
typedef struct

{

char type;

union

{

}oun;
} NAME:;

char first[20];

char last[30];

char company [407] ;
PERSON person;

DL NAME

type un

company

person

first

init

last
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Assn #4 - Prob 1: String 2| g4 718517

<mystring.h>
int mystrlen(char *str);
char *mystrcpy(char *toStr, char *fromStr);

char *mystrcmp(char *strl, char *str2);

int mytolower(char *str);

« A =0 7| =42 Hel= L
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Assn #4 - Prob 2: ot AjH 274

* (string.h)E & % QIC}H! Problem 12 HA 5t1, 047|A1 OL= mystring.h & include 510 AFE

« 57112| HAO{(single, multi, recent, quit, help)= Ex2| gt+=
H

« CHO] 2 LA (WORDINFO), 12|11 =Ho{e| Hest "OI” IS HEE|E S TS HOLALE
« WORDINFO 7t H|E =A ett5t11 > THo{Q}F EHo{ Q| 522 SA1 ettt

o M LIA HEEA] free
o 0|2 X2 - TtY AH7I0IA HS THUO| 2AHSHA| U= H 2 fopen?| “r” EE 2|& ZF NULL
o OIY 17| - fscanf7I NULLS 2|E W7FA[(EOF = -1)



Assn #4 - Prob 2:

typedef struct{

int num; // B HH O]

char *word; // 0| THOf

char *meaning; // ©H0{Q| Z£(SHZ)
} WORDINFO;
WORDINFO recentTable[5];

1. single

word.txt= fI0IMFE & SHAM L|5h= T
7t L™ H=7]. Super easy!

A3t A

mg]eH

2. multi

I} O| &= B0t S UM E
Z|5H= CHO{7} Ql=2| &tol|

0| M BHE singles O E3HAM &

B 2 S0IA 2

012747

3. recent
71 2|22

Tt 7} Q0| Lt2toF 2t
CHO{2 MOt 2| AE OH QHoj| Ho{ == &t

= O3
A O=
TI_I-Ejl



Assn #4 - Prob 3: Hashed Dictionary

Hash

« B2 YO HO|EE 2aE4 22 AE|ol7| flet AR

 HIO|E{7} LT HLH O{EA &= 7{O0F?

« Hash function: h(k) = HIO|E{7} 2|z[gt index - &+ H2 H[O[E& 22 H+=E mapping

Hash key

E£%(slot)

Hash function

Hlluacket)f"
Hash Address (Index) ¢ 1
Hash Table :

a B
|"; \'

U ) — k mod M < | = A T2
. 4

<SHA B>

(-1

<8j|A] H|0| 2>



Assn #4 - Prob 3: Hashed Dictionary

EZ(slot)

e h(k) =k mod 7 > A 74 ww (0 12 3
ex. k=119 >h(11)=11mod7 =4 ¢
> index7} 491 0| 242 aszw— —— < \>~ —
V*H*I:.*-’F

<ol Al EHo]E>

o Collision: Z< hash 2= 7! Il > bucket 2t0j] 642] 7H2] slotS =L}
ex.h(18) =h(25) =h(32) =4

£ (slot)
1

A= SEHOIA 398 A4St 1l StCHH?

ERH() —*( k mod 7 (J—» Al A

e Overflow: bucketO| & Z= I > {Z? <3l g

<ol A] Ho|E>



Assn #4 - Prob 3: Hashed Dictionary

« Collision Handling: collisionO| &3S It 0| & sl Z5}t= &t
@)

» Qoff ANE HA ZOUZ|(LRU): LS Ot ARCt= A2 U2 L OF AU T15d0] &Lt
* bucket 40 7t 22l A& =0 ARNE 112 HAlotdl, F SX2| A= HL 2 ot 74 0|5 =, A
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Assn #4 - Prob 3: Hashed Dictionary

O|#| HashZ O[tH O{MIQ10]| ZEA|H HA}
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Assn #4 - Prob 3: Hashed Dictionary

Hash 2tS7|

« bucket2 77Y, slot= 47}. WORDINFOR RN S &t SA A2

e h(k) =k mod 7

« WORDINFO *hashTable[MOD VAL][MAX COL]; // main &0 M A

Key 43}7|

« Hash& Ar&35I2{H 7| (k) & &Ot0f oh=0| T0]= A7} OfL|&0}?

« Key = G0 THO{2| OFAZ|Z E Zrofef

ex. fat” > k=(102+97+116) =315> h(315) =315mod7 =0



Assn #4 - Prob 3: Hashed Dictionary

keys buckets entries
000 | X X | Lisa Smith 521-8976
1ISA oMl =
, 001 |e+—"
John Smith
002 | X
: : ® | John Smith 521-1234
Lisa Smith
151 | x ¢
Sam Doe E X | Sandra Dee 521-9655
154 | X
Sandra Dee
X | Ted Baker 418-4165
253 | X
Ted Baker e
W x| Sam Doe 521-5030
255 | x




Assn #4 - Prob 3: Hashed Dictionary

e A|LI2|2 #1: hash0]| ¢S
2|2 #2: hashd]| 212
o A|L}IE|L #3: QHERZ S

>.
=
f




Assn #4 - Prob 3: Hashed Dictionary

AlLI2| 2 #1: hasho]] ¢l

e
NEINE
H.l-l-l| -
H2 3
e

B2l
H 2!




Assn #4 - Prob 3: Hashed Dictionary

AlLt2] 2 #3: overflow

>> print
g el
g el
g el
g el
g el

11 thirsty :

P B O = o A B

I strange
(IF2 Y] 21.strange © O] &FSE
Al overflaw
2 (ALY 2owet @ HE
zEZ (A Al HAH 0)] 21.strange :

>> orint
B2 0: 10 fat @ &5 © ZOHE : FEEL 21.strange - O|&FEF

3: B.sharp @ EFEE
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» Various Data Structures implemented with Lists
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