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The Type Definition

t ypedef
— complex types defined as a different name

Any standard Traditionally
ar derived t}..rpe uppercase
¥

typedei pe IDENTIFIER

@@

t ypedef

Examples:
t ypedef unsigned int ASIZE;

char *stringPtrAry[ 20];
Replace with:

t ypedef char *STRI NG

STRI NG stringPtrArray[ 20];



Enumerations

| dentifies symbols with integers

Built on top of integers

enum

enum {enumeration constants} variable_identifier ;

Format 1: enumerated variable

enum tag {enumeration constants} ;

enum tag variable_identifier ;

Format 2: enumerated tag




enum

Defining a single enumeration variable:
enum {sun, non, tue, wed, thur, fri,
sat} days;

days = non;

I f (days == non)
printf("l don’t |ike Mndays\n");

enum

Technically:
sunisO,nonisl,tueis?, ...

Therefore:
days = 1; /* is valid */

Careful! No range checking!



enum

Want different numbers?

enum {sun=1, non=2, tue=3, wed=4,
thur=5, fri=6, sat=7} days;

Or

enum {sun=1, non, tue, wed, thur,
fri, sat} days;

Enumerations

Caution:
ISO/ANSI Cisnot strict with enum

Don’t mix enumsymbols with integer variables
Even if possible (depends on compiler)

Use:
enumsymbols to replace constants!



enum

Defining Multiple enumeration variables with
the same values!

enum DaysOf Week {sun=1, non, tue,
wed, thur, fri, sat};

enum DaysOf Week t oday;
enum DaysOf Week yest erday;

t ypedef & enum

enum colors {red, white, blue, green, vellow};

enum colors aColor ¢

Enumerated tag

typedef enum f{red, white, blue, green, yellow)] COLORS ;

COLORS aColor :

Enumerated typedef




Structures

A structure is a collection of related elements

A field isthe smallest e ement of named data that
has meaning

An array has elements of the same type

A structure can have elements of different types

Structure Examples

second field

I

numerator denominator
! fraction
structure
m second field

namea gradePaoints

|

id
f student
structure



Defining aSingle
Structure Variable

struct { field-list } variable_identifier ;

struct
!
[ | [ | I | typel fieldNamel;
fieldName1 fieldName2 fieldNameN type? fieldName?2;
structName typeN fieldNameN;
} structName;

st udent Variable

struct {
char 1d[10];
char nane[ 26] ;
i nt gradePoi nts;
} student;



Multiple Structure Variables

| struct tag | field-list } varable identifier ; |

struct tagMame B

typel ficldMamel;

foldNamet fioiName2  fleldNameN | | 72 fieldName2:

struct tagNams ivpeM fieldNameM;

a’ﬂuct taglame sirMame;

figldiame1 fisldMame2 fieldMameM | |
stidame E
The structure type is

“struct tagMame”

st udent Variables

struct student {
char id[10];
char nane[ 26];
I nt gradePoi nts;

b

struct student aStudent;
struct student topStudent;

void printStudent (struct student Stu);



Defining Structure Types

| typadef struct { field-list } TYPE-ID ; |

typedef struct B

_____________________________ ,
ffsasassaay rmIgmsCoces typel ficldNamel:
foldName? fiokiName2  foldNameN | | 172 fieldName?:
----------- NE-W-'i"ﬂ;é oo i;.pch feldMameN:
| NEW_TYPE:
fieldName1 fieldName2  fieldNameN RENCENEE stName ;
-H-""\-_
siriName —-\
The typedef name can

[
ba used like any type

STUDENT type

typedef struct {
char id[10];
char nane[ 26];
I nt gradePoi nts;
}  STUDENT;

struct STUDENT aStudent;
struct STUDENT topStudent;

voi d printStudent (STUDENT Stu);
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struct
Summary

giruct |

1 wvarable dentifier ;

structure vanable

strucl tag

{
} variable_identifier ;

struct tag vanable dentifier ;

tagaed structure

typedef struct

4
} TYPEID ;

TYPE_ID wvariable_identifier ;

type-defined structure

InitializingO

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

|

int x;

int ¥;

float ©;
char u;

! SAMPLE;

typedefl siruct B

filled with
float zero
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Accessing
Given the aSt udent variable, accessits parts:
Usethe. Operator
aStudent.id

aSt udent . nane
aSt udent . gr adePoi nt s

samz2 7 3 0.0 A
X y t u
samz2.y sam2.u
I f (san2.u == "A")

san. x += sant.y,;

scanf ("% % % %", &san?. X,
&ank.y, &san.t, &san?.u);

sanf. x++;
sanR. y++,;
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Comments on Precedence

 The. Operator has avery high precedence

sam xX++ ++sam X &sam X

Are equivalent to:

(sam x) ++ ++(sam x) &(sam Xx)

example

#i ncl ude<st di 0. h>

t ypedef struct {

I nt nunerat or;

i nt denom nat or;
} FRACTI ON,;

/[* wite multiplyFraction (...)*/
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Structure Operations

Assignment works on whole structures!

san? = sant;
/* copies contents of sanl into sanR!! */
BEFORE
[ 7 [ =2 J[eo J[R]||[2 1[5 [ 3=z ]J[a]
X W t u ® v t u
) sama2 sami
| samsa2 = sam 1, l
2 [ s J[s2 J[a]||[2 ][ s ][ 382 J[A]
b4 ¥ u _ * ¥ 1 u
samz sami
AFTER

Can’t do Comparison

== would compare all bitsin structure

But some hardware require items start on
word boundaries!

f 1 oat s must start at address divisible by 76?
| Nt s must start at address divisible by ?47?
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Thus structures aren’t packed!

A Structure and its bytes:
astring bytes 0-24
bytes 25-29 (nothing but noise)
afloat in bytes 30-35
achar in byte 36
bytes 37-39 (nothing but noise)
anint in bytes 40-43

Pointers to Structures

typedef struct

int x;
int ¥
float t;
char u;
| SAMPLE;

‘n"l. MPLE saml;
SAMPLE *pir;

pir = &saml;

("ptr).x ‘ptr.u
G Coma)

I saml

X (*ptr)|. x

Two ways to reference x
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Pointers to Structures

(*ptr).x
(*ptr).y
(*ptr).t
(*ptr).u

Don’'t forget these parentheses!!!!
Common mistake and it’ s deadly.

Pointers to Structures

sam

B — 0

pir % W t

b I‘

The correct reference

undefined
structure
?
<V

The wrong way to reference the component
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An Easier Way (selection)

(*poi nt er Nane) . fi el dNane

|sthe same as:

poi nt er Nane- >f i el dName

Pointer Selection Operator

ivpedef struect
d
ink x;
imt v.
fMoat t;
char u;
| SAMPLE;

SAMPLE saml:
SAMPLE *pir;

ptr = &sam]l;

AN

saml [, X

("ptr) | . x

ptr = X

Dot notation

Indirection notation

Selection notation

three ways to reference the field x
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Precedence of Selection

Precedence of - >

Isidentical to.

Thisimpliesthey are equally high!

Example
t ypedef struct {
int hr;
int mn;
I nt sec;
P aoCK

voi d i ncrenent (CLOCK *cl ock);
voi d show( CLOCK *cl ock) ;
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