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int main(void) {

Int size;

scanf(“%d”, &size);

int array[sizel; Compile Errorl 212 abet M 2{0f 2LOF i,
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A Conceptual View of Memory

* \We can refer to memory allocated in the heap only
through a pointer.
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Accessing Dynamic Memory

/!
/

Local Declarations
int arvI[3];

ary —p

(a) Static Memory Allocation

// Local Declarations |:I
int x; <
Stack
// Local Declarations
=)
X = malloc(...);
X
Stack

Heap

//

BN

Local Declarations
int* ary;
ary = calloc(...);

Stack

=

ary

(b) Dynamic Memory Allocation

Stack

Heap




malloc
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if (! (pInt = malloc(sizeof(int))))[>k
// No memory available

* void *malloc (size_t size); exit (100) ;

// Memory available

=y

pint

int* p = (int *)malloc(sizeof(int) * 4);
o intdQ| 37|77t 4byteO|7| 20| 16bytel] &7t0| SXO=E ot

char *str = (char *)malloc(sizeof(char) * 10);

Stack

Heap



calloc

* void *calloc (size t element count, size t element_size);

* int *p = (int *)calloc(4, sizeof(int));
e char *str = (char *)calloc(10, sizeof(char));

malloc(sizeof(int)*4) < calloc(4, sizeof(int))

ptr D

if (!(ptr = (int*)calloc (200, sizeof(int))))

// No memory available
exit (100) ;

200 integers // Memory available




realloc
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* void *realloc(void *ptr, size_t newSize);

Before

* int *p = (int *)calloc(4, sizeof(int));
p = (int *)realloc(p, sizof(int) * 6);

tr
" T18[s5[3a[i21[64] 1 [90]31] 5 [77]

10 integers

oc (ptr, « gsizeof (int));

e char *str = (char *)calloc(10, sizeof(char));

new elements
str = (char *)realloc(str, 20*sizeof(char)); ot initialized
Ny

ptr Y Y Y Y Y Y ‘ Y Y Y
118]55[33[121/64]| 1 [90(31[ 5 [77[ 2|2 [2[ 2] 2|
15 integers

After




free
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* void free (void * ptr);

e free(p);
e free(str);

free (ptr) ;

BEFORE FTER
o =
free (ptr) ;
BEFORE m—
Py 200 integers prr 500 mtegéFé """"
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Int **table;

table = (int **)calloc (3, sizeof(int *));

table[0] = (int *)calloc(4, sizeof(int)); EL
table

32| 18 | 12 | 24
aple[0] [ F— |
table [ 1] - 13 | 11 16 | 12 | 42 | 19 | 14
table [2] =
table [3]| <~
table [41[ ] | 13 | 13 | 14
table [5 ] \
11 18
table = (int**)calloc (rowNum + 1, sizeof (int*)); u
table[0] = (int*)calloc (4, sizeof(int));
table[1l] = (int*)calloc (7, sizeof(int));
table[2] = (int*)calloc (1, sizeof(int));
table([3] = (int*)calloc (3, sizeof(int))
table[4] = (int*)calloc (2, sizeof(int))
table[5] = NULL;
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EXIS(string) = Z2=2 H{ZHO|LC}
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string
-

a character string

Part of the array,

end of string but not tp;iarl]rt of the
delimiter string
\0

char str[1l]; [G|lo|lo|d| |D|a y\d? ?)
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char str[15] = “Good Day”

. BYS 8YS BF AIRY W glsLIL

e char monthl[] = “January”;
« H1E37]7t ZAIE2 0|0 X3 XI5z 4%

e char *pStr = “Good Day”;
char str[9] ={'G’, '0o’, o, 'd’, ", ‘D, @, y, \O}L

month —|Jla|njulalr v \O // Local Declarations
str—L T LTI I PP P
char str[9];
String Declarati
"Good Da.yn ‘ G olo d D a Y ‘1\0 (3.) ring veclaration

DS“‘ B/' // Local Declarations
pStr |3—>

char* pStr;
str —»|Glojo[d| |Djafy[\0

(b) String Pointer Declaration



=AtE2 2] Z21E

e H{EO| 0|22 AT elementl| AL} ZLCt
« 1M scanfzZ %s 2= M & oF =QICH

str[0]
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str &str[0]
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char str[9];

// Local Declarations
str—- [ [ PP {1

(a) String Declaration

char* pStr;

// Local Declarations
pStr |3—>

(b) String Pointer Declaration

« HEA S8 2 oliAL HE =429 45 FHF0{0F



String Copy?

e char str1[6] = “Hello”;
char str2[6];
str2 = strl; //?



String Input/Output Functions

#include (stdio.h)

formatted input/output functions
* scanf/fscanf
e printf/fprintf

special set of string—only functions
* get string (gets/fgets)
* put string ( puts/fputs ).



FLUSH
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- The string conversion code(s) skips whitespace.

Test)

Int a, char b;
scanf(“%d”, &a);
scanf(“%c”,&b);
printf("%d %c\n”, a, b);

fflush();

W < 0 W N

// Read Month
#define FLUSH while (getchar() !=
char month[10];

printf("Please enter a month. ");
scanf ("%$9s", month);

FLUSH;

// Read Month

|\n|

)

#define FLUSH while(getchar 1= \n’)




Formatted String Input

e char str[10];
e scanf(“%9s”, str);
e str — HIE HEOIE &> &7 EX| €3

. Q12 2} H42 YIEA| HOloh XY



String—only Input: gets/fgets

Hello\n

gets(...)

\n changed
to null

Hliell|[l]|o[\O

fgets(...)

Memory

\n kept
and null added

Hiel|l ]|l ]|o\n[\O




gets(---)

char * gets(char *str);
Reads characters from stdin, until either a newline or EOF

Params
 str: pointer to an array of chars

> 20| M3t 94 (2Ot F%)

Return value

 Success: returns str (incl. \0’ at the end)
« EOF: feof() set, E{7IIX| S22 str return

o OIFAL X ¢HOH™: NULL



fgets(---)
char * fgets (char *str, int num, FILE *stream);

Reads characters from stream, until (hum—1) characters have been read OR either a newline or the
EOF

Params

 str: pointer to an array of chars

« num : Maximum number of characters (incl. null) > 2Xt= ZITH (num-1)
» stream : Pointer to a FILE that identifies an input stream

Return value

« Success: returns str (incl. \0’ at the end)
« EOF: sets EOF(feof), OJEf77}X| S1& str 2|H
« OIRAE X HOM: NULL



Difference btw. Input functions

gets/fgets
e gets does not include newline (\n’), fgets does.

* gets does not allow to specify a maximum size for str(which
can lead to buffer overflows).

Scanf/gets
e scanfe= HO| Tt 2(space), gets= & S Z2(newline)



String—only Output: puts/fputs

NULL is changed
to newline

Hello\n

V—Heuo - puts( ... ) \

No newline
(unless in
string data)
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int puts ( const char * str);

Writes str to stdout and appends a newline character (\n’) until null("O\’).
Terminating null-character is not copied to the stream.

Params
 str: pointer to an array of chars

Return value
e Success: returns a non—negative value
e Error: returns EOF(-1) and sets the error indicator (ferror)



fputs(--)

int fputs ( const char * str, FILE * stream );

Writes strto the stream until null (\O'). Terminating null-character is not copied to the
stream.

Params
 str: pointer to an array of chars
» stream: Pointer to a FILE object that identifies an output stream.

Return value
e Success: returns a non—negative value
 Error: returns EOF(-1) and sets the error indicator (ferror)



Difference btw. Output functions

e puts appends a newline(\n) at the end automatically
 fputs does not write additional characters



String Manipulation Functions

e #include {string.h)

» String Length and String Copy

» String Compare and String Concatenate

* Character in String

» Search for a Substring and Search for Character in Set
» String Span and String Token

» String to Number
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Assn #4 - Prob 1: String X}

* int mystrlen(char *str);

 char *mystrcpy(char *toStr, char *fromStr);
« char *mystrcmp(char *str1, char *str2);
 char *mystrcat(char *str1, char *str2);

 char *mystrchr(char *str, char ch);
* int myatoi(char *str); = 0|71 Xt H{M[QI0f| A 311

+ QI0IA 7| EQI fI2ls Cf E? M



Assn #4 — Prob 2

+ B4 5 OJ410] 14 BN - IIUZRE| ZAES MAGH RE(1HO) 34T 2+ B4 B14)
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e C:\) assnd.exe students.txt

> Argument Passing - int main(int argc, char* argsl])

« 02 X2 - DY 4710 SHE TrH0| EXHoIX| = B2 fopen?| r" BE 2|E 7 NULL
« MY 7| - fgets7t NULLS 2|Ee T77HX|(EOF)



Assn #4 — Prob 2

typedef struct { 1. SH & MA
it id: stu_list 3t SHA STUDENT QH0f| subjects i
char name[11]; o 5HH =71
char dept[7];
int level; -
int sub_num; 2. 1= 8 85
TAKING_SUBJECTS SHM DiCHS S35t Al S MESLHE=O|, SA|
subjects[MAX_TAKING_SUBJECT_NUML; sty _list SMA subjects H{0|| s{E 21=0| Q!
} STUDENT; M S=dol| =H KA E~
STUDENT?* stu_listfMAX_STUDENT_NUM]; 3. N&617|
SUBJECT* sub_listMAX_SUBJECT_NUMI; For 2O HIQ S0IA ZO0{XI S0 ZHEA fputs

O D B2



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.

« D2 Jefii= 44 2= A= 208t

Any standard Traditionally
or derived type uppercase

4
typedef type IDENTIFIER,;

typedef int INGETER;




Derived Type

o Iz ]2liH7} &e|= Ti= Bt

Derived
Types

Function Array Pointer Structure Union Enumerated
Type Type Type Type Type Type

Chapter 4 Chapter 8 Chapter 9




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

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

typedef struct h

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

2

/

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

3

X

AR

X

u
filled with
float zero



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



Example

+ 0|5, LI0|, 8 (enum), &H(enum)s E&tot= XA
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 Enumeration, Union



Enums



Enumerate Type

Ny oo

I 4> 0z

ot oo I
on 10 Jjob

N
=

oL, M|u oo
z

ol i T)o

- 1

MEHX| QIZO| AtA SH2S 0O

Ol CHol identifier=M otLtLe| M=

ar
i
ro
u[n
Il
>
Pal
_olg
-

JEFION

>
ey
o 2
(=
o
n

— O T o= E

I AFR

(enumeration constant)

switch 202 27| Ct= &t

' 1,2,302 L5+ L= slizde| D 2mst

— a3



Declaring an Enumerated Type

e enum typeName {identifier list};
* enum color {RED, BLUE, GREEN, WHITE};

* enum color skyColor;



Initializing Enumerated Constants

« enum months {JAN, FEB, MAR, APR};

identifier X}= H{A 0 1 2 3

« enum months {JAN = 1, FEB, MAR, APR};
« enum color {RED, ROSE = 0, CRIMSON = 0, BLUE, AQUA = 1},



Operations on Enumerated Types

* enum color X, y;
x = BLUE; x =v;

e if (color1 == color2)
if (color1 == BLUE)

« Switch (color1)

{
case BLUE: -



Enumeration Type Conversion

- iNtSI AH502 53

* Int X; enum color vy;
x = BLUE; y = 2;

* enum color vy;
y = (enum color) 2;



Anonymous Enumeration: Constants

e enum {space = * ’, comma = ',
color = '}

» enum {OFF, ON};



Unions



Union Types

o 1XN|Qt H|==olC}, MA L AL XN XE
e Lt Element S0| H22|E &&
o MA| XA 27| = XA LHEQ| 71 2 H0| 37|

union shareData ‘Al | ‘B

{
char chArvI[2];

short num; 16706
}i 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]); Sleling B
Ch[0]: A

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



Union Application

typedef struct b
{
char first[20];
char 1nit;
char last([30];
} PERSON;
typedef struct
{
char type;
union
{
char company [40] ;
PERSON person;
}oun;
} NAME;

AL
T
o, Sl&e|A| E=LTE

NAME
type un
company
person
first init last




CHSAIZH

 Various Data Structures implemented with Lists
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