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Structures and
Unions

INTRODUCTION

We have seen that arrays can be used to represent a group of data items that belong to the
sarne type, such as int or float. However, we cannot use an array if we want to represent a
collection of data items of different types using a single name. Fortunately, C supports a
constructed data Lype known as séruciures, a mechanism for packing data of different types.
A strueture is a convenient tool for handling a group of logicaily related data items. For
example, it can be used to represent a set of attributes, such as student_name, roll_number
and marks. The concept of a structure is analogous to that of a ‘record’ in many other
languages. More examples of such structures are:

time : seconds, minutes, hours

date i day, month, year

book : author, title, price, year

city : name, country, population
address ; name, deor-number, street, city
inventory : item, stock, value

cuslomer : name, telephone, city, eategory

Structures help to organize complex data in a more meaningful way. It is a powerful
concept that we may often need to use in our program design. This chapter is devoted to the
study of structures and their applications in program development. Anocther related concept
known as unions is also discussed.

DEFINING A STRUCTURE

Unlike arrays, structures must be defined first for their format that may be used later to
declare structure variables. Let us use an example to illustrate the process of structure
definition and the creation of stracture variables, Consider a book database consisting of
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- strict book_bank

{
char title[20];
ikl author[15];
nt . ,ﬂm.nium
float price;

} = -

The keyword struet declaes & s A - ;
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Arrays Vs Structures

Both the arrays and structures are classified as structured data types as they pro-
vide 4 mechanism that enable us to access and manipulate data in a relatively easy
manner. But they diifer in a number of ways.

_._>:m:..:..a:c__mn:o_.ﬁa_mﬁ_aw_mmmmamnwm:m:a type, Structure can
have elements of different types. :

2. An array is derived data type whereas a structure is 3 programmer-defined one.

3. Any array behaves like a built-in data type. All we have 1o do is to declare an
array variable and use it. But in the case of 2 structure, first we have to design
and declare a data structure before the variables of that type are declared and
used.

10.3] DECLARING STRUCTURE VARIABLES

After defining a strueture format we can declare variables of that type. A structure variable
declarativn is similar to the declaration of variables of any other data types. It includes the
following elements:

1. The keyword struct.

2. The structure Ltag name.

3. List of variable names separated by commas.

4. A terminating semicolon.
For example, the statement

struct book_bank, bookl, book?, booki;

declares book1, book2, and book3 as variables of type struct book_bank.

Each one of these variables has four members as specified by the template. The complete
declaration might look like this:

struct book bank

{
char title[20];
char author[15];
int  pages;
float price;

b

struct book bank bookl, book2, book3;

Remember that the members of a structure themselves are not variables. They do not
Sccupy any memory until they sre associated with the structure variables such as bookl.
When the compiler comes across a declaration statement, it reserves memory space for the
Structure variables. It is also allowed to combine both the structure definition and variables
declaration in one statement.
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__ progiram
o struct class S
! int number; o
char name[20] ;
float marks;
Ji _ i
_.msr..: TR T ia fello
int x; ; ) :
Y struct class’ student] = {111,"Rao",72.50);
i struct class student? = {222,"Reddy”, 67.00};
struct class student3;
student3 = un.tn.ﬁnﬁm“ S
“ X = _HMm_:_%:nw.:EEE. == wﬂcnmim.:s&mqw LE i
student3.marks . == student2.marks)) 7 1 : 0;
( k
printf{"\nstudent? and studenty are same'in\n"});

LI 8

Wk * Zero for integer and floating point numbers.
T * 0" for characters and strings. :

_._.u.& COPYING AND COMPARING STRUCTURE VARIABLES

Two variables of the same structure type can be copied the same way as ordinary va

If personl and person2 belong to the same structure,.then the, following statemen
valid: .; .

L L4 4 .

personl = person2; < ‘<

.w\ .UQ._..mﬁ_Hw.N l ﬁﬂwm_u:..um.... e : v. Ty
.Eoﬁmﬂnw..gmﬂmﬂmgmzﬁmﬂnﬁmm L P T ha '

personl == persgnZz
personl I=-persen2.: © i .:

are not permitted. C does not permit any logical cum.uwﬁa._..m 6n structure variables. In'¢

we need to compare them, we may do so by comparing members individually,

— - -

The program. m_,.v_ir_u..a. wﬁ, 10.2 .Eﬁ.ﬂ.mﬁm . m_ﬁu _%,ﬁ.m T

e can be copied in

structure variables are identical,

other of the same type. It also performs member-wise comparison to decide whether,
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Fig. 10.2

Compbaring and copyins sirliciure variables
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Word Boundaries and Slack Bytes

i sing the concept ol wndary”. e size ot &
Conpsien stores shipctunes Using the concept ol weord o b
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i covr ., Student (2] subject 1

student [0] subject 1
subject 2
Subject:3
m?ipin:ubgmmq
C o subject2
biget3 |

mm % subjeit2

% Program . . .

struct marks

int, subl; N
int subZ; i
int subd; - T
\ int total; i S .
maing{)
_ i
LTS i
struct marks student[3] =. A145,67,81,0},
{75,53,69,0},
{57,36,71,0}};:

i print (" STUDENT.

3 .Wﬂq.n.m ‘=

k.

3o b= Zid4s) T s

“ student[i].total = student[i].subl +
student{i].sub? +
student[i] . sub3:

.total.subl = total.subl + student[i].subl:

total.sub2 = total.sub2 + .m.ﬁtnm_._::_.n:um..
total.sub3 = total.sub3 + uﬁ.:“_m:._.._”:..wcﬁ.,
total.total = total.tetal + uﬂﬁm:n:_;amm:

b
 TOTACAMR®) 5.
v For(is 0; i em2; i) Ynn"};

: -printf("Student [4d] TR P L
printf("\n SUBJECT T e encet) tatall,
printf("gs Ld\nss $d\n%s d\n®

- {329

Struztires and Unions

total . subl,
total.sub2,

tetal. seb3);

= Xd\n", total.total):

Qutput

TOTAL
| 193
i 197

STUDENT

i3] 164

FOTAL
i 177
2 156
=

221

= 554

Hrand 12

Fig. 10.4  Arrays of structures: llustration of subscripted siructure variobles

[l08] ARRAYS WITHIN STRUCTURES

0 permiis the vse of 's i tppeters members. We have already used arrays ol charac-
ters inside a striaeture, Simiiariy, we can use single-dimensional or multi-dimensional arrays

of type ink or foat. For sxample, the {ollowing structure decluration 5. valid:

vea

struct marks

int numher;
flaat subject[3];
} student[2);
el containg three elements, subject{0], subject[1] and

Here, the e
subject] 21, These viemenis can be accessed using appropriate subscripts. For example, the

Name

wrr Ruinie

student [1).subject[2];
would refer to the marks nhtained in the third subject by the second student,
‘muna..n_m 1041 Rewrnte roqgrom of Fxample 10.3 using an array member 1o repe-
F sant the three subjects,
am i= shown in Ffig. 10.5. You may notice that the use of array name for

bne

——mrm— e ——

The modified progs
subjects has amplified i code,
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mwnﬁ_ ; - —.__Wm__.uia._.:m in ANEE C ¢ %

M»..__ﬂ. salary

struct

{

~int dearness;

Teres

}

allowance,

arrears;

n.rw_ﬂﬁ.ﬂu__._ i
The inner structure has two vagiables, allowance and arrears. This implies that hot

thew huve the same structure tethplate. Note the comma after th
X . te. : : :
member can be accessed as follows: e name aillowance. A

employee[1].allowance.dearness
. . employee[l1].arrears.dearness
We can alse use tag names to défine inner structures. Example:
; s :.m__: pay _ ¥

int dearness;
int house_rent;
int eity;
b
struct salary
{
char name;
nm_n_.. department;
struct pay allowance:
) struct pay arrears;
struct salary employee[100]; ;
pay template is defined outside the salary template and is used to define the structure of’
allowance and arrears inside the salary structure. 3
It i= also permissible to nest more than onie type of structures. :
struct personal record
t |
struct name_part name;
struct addr_part address; . N
struct date date_of birth; 2%
rrsar T L . »&
}; . 3
B struct personal_record personl;
e hrst member of this structure is name, which is
B : : ig of the type struet na r
Similarly, other members have their stroetnre types, e o

EM ermits nesting upte 15 levels, mn..._.mw.m.: C99 allows 63 levels of nesting, Wi L

e — | s . . . 31§

Serucsures and Unions —_— - M 333

[10.11] SYRUCTURES AND FUNCTIONS

We know thatl the main philogophy of (C language is the use of functions. And therelore, it is
natural that C supports the passing of structure values as arguments to functions. There are
three methods by which Lhe values of o strocture can be transferred from one function to
another,

1. The first methed i3 to pass each member of the structure as an actual argument of the
[unction call, The actnal arguments are then treated independently like ordinary vari-
ables. This is the mest elementary method and becomes unmanageabie and inefficient
when the structure size is large.

2. The second method involves passing of a copy of the entire structure to the called
function. Since the function is working on a copy of the structure, any changes to
structure members within the function are not reflected in the original structure (in
the ealling funetion). Tt is, therefore, necessary for the function to return the entire
gtructure back to the calling fanction. Al compilers may not support this method of
passing the entire stryeture as a pavameter.

3. The third approach employs a concept called pointers to pass the structure as an argu-
ment. In this case, the address location of the structure is passed to the called func-
tion, The function can access indirectly the entire structore and work on it. This is
similar to the way arrays are passed to function, Thiz method is more efficicnt as
compared to Lhe second one.

In this section, we disenss in detail the second method, while the third approach using
poiniers is dizeuseed in the next chaptor, where peinters are dealt in detail.
The general format of sending a copy of a steacture to the called function is:

function_pame {siruciure_variable_mame);

The called function takes the following form:
_. data type function name{struct type st name)
_ (
i

i q
; return{epression),

: }

The following peints are important to note:

L The called function must be declared for its type, appropriate to the data Lype it is
expected to return, For example, if it is relurning a copy of the entive structure, then
it must be declared ns struct with an appropriate tag name,

2. The structure variable used as the actual argument and the corresponding formal
argument in the called fanction must be of the same stract type.

3. The return statement & necessary only when the funetion is returning some data
back to the calling lunction. The sxpression may be any simple varable or stroetore
variable or an expression uzing simple variables.
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»%| Programiingn ANSIC _

union item

{ T

int m; =

float x; o

char c;
- : } code;

This declares a variable code of type union item. The union contains three members, |
each with a different data type. However, we can use only one of them at a time. This is
due 1o the fact that only one location is allocated for a union variable, irrespective of its
size. ;

i Siorage of 4 byles

- Fi 10.1- Sharing o & siorage focaing by urion members.

T e R

The compiler allocates a piece of storage that is large enough to hold the largest vari
able type in the union. In the declaration above, the member x requires 4 bytes which is 5
the largest among the members. Figure 10.7 shows how all the three variables share the
same address. This assumes that a float variable requires 4 bytes of storage.

To access a union member, we can use the same syntax that we use for structure 3
members. That is, : ..

code.m .
code.x #
code.c

are all valid Bm.a_umu.emumuc_mm. During wnﬁwamm, E.m_., should make surc that we are |
accessing the mémber whose value is currently stored, For example, the statements such,_ -
as :

code.m = 379;
code.x = 7859,36;
printf{*5d*, code.m) ;

would produce erroneous output (which is machine dependent). : :
“In effect, a union creates a storage location that can be used by any one of its membersif
at atime. When a different member is assigned a new value, the new value supersedes the
previous member’s value, - : : :
Unions may be used in all places where a structure is allowed. The notation for access:
ing a union member which is nested inside a structure remains the same as for the nested
structures.

B e 1 e L Struceures and Uniong

S el R |¢ aaz

Unions inay be initialized when the varighle is declared. But, unlike stroctures, it can be
initialized only with a value of Uhe same type as the first union member, For example, with
the preceding, the declaration

uivion item abe = [100}:
is valid but the declaration L
union item abe = {10,75};
is invalid. This is because the type of the first member is int. Other merbers can be initial-
ized by either assigning values or reading from the keyboard.

SIZE OF STRUCTURES

We normally use structures, unions, and arrays to create variables of large sizes. The actual
size of these variables in terms of bytes may ehange from machine to machine. We may use
the unary operator sizeof to tell us the size of a structure (or any variable). The expression

sizeof(struct x)

will evaluate the number of bytes required to hold all the members of the structure x. If y s
a simple structure variable of type struct x, then the expression

sizeof(y}

would also give the same answor. However, it'y is an array variable of type struct x, then
. sizeof(y)
would give the total number of bytes the “rray y roquires,
This kind of information would be useful 1o determine the number of vecords in n data-
base. For example, the expression
sizeof(y)/sizeof(x)
would give the number of elements in the array y.

[10.44] BiT FiELDS

8o far, we have been using integer fields of size 16 bits to store data. There are oCeasions
wherg data items require much less than 16 bits spice. In such cases, we waste memory
space. Fortunately, C permits us to use small bif fields to hold data items and thereby to
pack several data items in a word of memory. Bit fields allow divect manipulation of string of
astring of preselected bits as if it represented an integral quantity.

Abit field is a set of adjacent bits whose size can be from 1 to 16 bits in length. A word can
therefore be divided into a number of bit fields. The name and size of bit fields are defined
using a structure. The general form of bit field definition is:

struct tag-name - ]
i
dato-type namel: bit-leagth; _
dota-type name?: bit-leagth: _

5

_ dota-type nameN: Hit-length;
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Programs
finclude * <stdia.h> e
#include  <string.h»
struct record
i
char author[20];
char title[30];
float price;
.- struet, . .. . = L
{ - LU i
| 1. __._a...n_.mha“_.w e, agdamail, wrin (P e -
: EUE | -0 u_mm LT R P :
LT g _ S ."_\. : & 2
L __.nu.ﬂmn_.\ ¥ L I R S | - el .y i ~ :
~char. - publisher[10 i ; .

imt .. anm:ﬂw»w“? : uﬂn _:“h. i T ,..cm

I ; : e

s+ dpt-look :vﬁmﬁasnn;qmnoﬂa nuwumﬁu,nzmﬂ m_ﬁu n=m1 umﬁm _=a o
void get ﬁ.ﬂr.w.-! mHT._m._ﬂ. H “_ V ; Rl

main()

A ", : B i
char title[30], author[20]; ; _
int index, no of _records;
char response[10]) ncnznmnmﬁ_nu
Struct record book[] =
{"Ritche* "C- r#:h:umm..pm 00,"May®, 1977, "PHI" J10}, o E
{"Kochan"; "Programming 'in'C*,7%5.50, “July*, 1983, .=mwnm=. 5k
{"Balagurusamy®, "BASIC", 30.00 MJanuary” 1984, "THH", 0}, :
{"Balagurusamy”, ncwor.,bﬁaon.:unamaumq;.hmmm..zmnaﬁ__mzz.mmy

) .
=Mmoun¢nn1q=m = sizeof({book}/ sizeof(struct record);
_ -

printf("Enter titie and author name as per the listin");

printf{"\nTitle: P

get(title):

printf("Author: *);

get {anthor);

index = look cuaeann nindm. author, no_of_records);
”.ﬂ*n#=naa 4_fipw /*...Book. A=:=n L
: u1d=n*n.;=»m %s %.2f &s %d &s\n\n"

book[index] . author,

book[index] .title,

-‘%‘“wlt. i ke

Fl
b4
4
b
¥
&

Fe Rl e R

M

L

&

book{index] .price, -
book[index] .date.month,
book [index] .date.year,
bock[index] .publisher);

printf(“Enter number of copies:");
get{quantity); '
iflatoi(quantity) < a-onmizgmx_ a:mzﬂdnqu

printf{"Cost of %d copies = %.2f\n",atoi (quantity),

book[index] .price * atoif{quantity));
ﬂdmm ‘ ..... . &
priatf{"\nRequired copies not in stockinin");"
else i =
uqm:nﬂﬁ.gzmnor not in list\nin");

printf{"\nDo wo:.:ﬁnn any other book?
. umﬁnﬁmmuanmmu. . "
”— .
while(response[0] == || response[0] == *y');
printf{"\n\nThank you. Good byel!\n"};
1 . ; :
void get{char string [] )
{

(YES-/ NO):"};.

char ¢
int- i
do .
n L]
= getchar{); . )
string[i++] = ¢

" ows

0;

) s -
while{c 1= "\n');
string[i-1]

int look_up(struct record table(],char s1{],char mmmu.+;ﬂ_au

int i;
for{i =.0; i <m;
if(stremp{sl,
stromp(s?,
return(i};
return{-1};

_++H he
ﬂwu_mH.H ﬁan_mu = n wm
table[i]. author) ‘== )
_f* book found. ./
/* book not found  */

343
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346 " Progrs

Aladah w?

g i ANSYC

{afail o, Pa, ams

iEuremEmEﬂaﬂmbwﬁmnaﬁﬁmﬂmgimhﬂ?H..mmn_—wn:.mgw&ﬁm:&asm_m_.ﬂﬂ..w.u_m..
: i tyne struet item_bank? " R :
~utt bank items[10]:
cw ctems{10] item bank;
wen bank items (10};.

‘d} struct item bank items: {10]; -,
. (0} strisct items item bapk:[10}; < . -, o
10.6 Giver the following declaration : i Slaks & i
“typedef stroctidbe v o eEio vLoweny
5 A _......___ - nrmﬂ,...#w...,. " :
int y; . 3
Bleaf L 5 mn s J\. st - float z[101; 1%
"] mBC; - _ :
State which of the following declaratibng are invalid? Why? =" ;
“RIOSERIGE Ab Vil wno BORORR REELAC TR R I e R P
(b) struct abe w2{10]; - NP e

(e} struct ABC vw3; <~
(d) ABC ajb,e;
{e} ABCE[I0];, ' o o oA
10.7 How does a structure differ from an array? - -
10,8 ‘Explain the meaning and purpese of the following:
{a) Template i
{b) struct keyword
(c) typedef keyword
fd) sizeof operator
() Tug name . : f2 i : ;
10.% Explain what is wrong in the following structure declaration:
struct: ’

{

¥ Tt PR Ll T

int number;

float price;
}
main{ )

{

LIRCI T Y

H
10,10 When do we use the following?
(a) Unions
b} Bit fields
{c) The sizeof operator
10.11 What is meant by the following terms?
(a) Nested structures
(b} Array of structures
Give a typical example of use of each of them.

oW R ey

10.12 Given the structure definitions and declarations

struct abe
{

|_u..nq

int a;
; float b;
m:.:nﬁ AYZ
int x;
_ float y;
abc al, a2;
YR . Xy? xl, x2; .
find errors, if any, in the following statements:
fa) al = x1;y - :
{b} abc.al = 10.75;
(e} intms=a+ x;
{d).int n = x1.x + 10;
{e) al = a2;
) if {a.al » x.x1) . . .
(g) if (al.a < xl.x). . ..
-— ﬁu :.UWW Isa) oo
10, escribe with examples, the different ways of assignin
10.14 State the rules for initializing ugnnﬁmmw At
10.15 What is a ‘slack hyte”? How does it aifect the implementation of structures?
10.16 Describe three different approaches that can be used to pass structures as function
arguments.
1017 ”__._?mwmﬂm the important peints to be considered when implementing bit-fields in strac-
UTES! 2
10.18 Define a structure called complex consisting of two floating-point numbers x and y
and declare a variable p of type complex. Assign initial values 0.0 and L1 to the
members,
10.19 What is the error in the following program?
Mwuoam_« struct product
char name [ 10 ];
float price ;
} PRODUCT preducts [ 10 ];
10.20 What will be the output of the following program?

main { )
{
union x
{
int a;
float b;
double ¢ ;
b

e e e e, RV il 1
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i i i ts and write a program 4o read
U cricket, declare an array player with m_o.m_mu.pmu d virite ogre
_._w.,. :m.. =+afior about all the 50 players and print a team-wise list EﬁfEEN names
L 240 tneir batting average. , T :
1035 D¢ ‘ruviure student_record to contain name; date of birth and total marks

e e date structure designed in Exercise 10.4 to represent .c.nw date of ;
_u.w.._._.loﬁ a program to read data for 10 students in a class and list ﬂwm:.. umj_n.ﬁmm.

et

e
?

Pointers

_,_._,.,_ “ INTRODUCTION

A pointer is a derived data type in C. It is built from one of the fundamental data types
available in C. Pointers contain memory addresses as their values, Since these memory

Pointers are undoubtedly one of the most distinct and exciting features of € language. It
has added power and flexibility to the language. Although they appear little confusing and
difficult to understand for a beginner, they are a powerful tool and handy te use once they
are mastered.

Pointers are used frequently in C, as they offer a number of beneflits to the Programrmers,
They include:

L. Pointers are more efficient in handling arrays and data tables.

2. Pointers can be used to return multiple values from a function via lunction argu-

ments,

3. Pointers permit references to functions and therehy facilitating passing of functions

as arguments to other funetions,

4. The use of puinter arrays to character strings results in saving of data storage space in

memory.

5. Pointers allow C to suppert dynamic memory management.

6. Pointers provide an efficient tool for manipulating dynamic data structures such as

structures, linked lists, quey es, stacks and trees.

7. Puinters reduce length and complexity of programs,

8. They increase the exesution speed and thes reduce the program execution time.

Of course, the real power of C lies in the proper use of pointers. Tn this chapter, we will

‘EXamine the pointers in detail and illustrate how to use them in program development,
- Chapter 13 examines the use of pointers for creating and managing linked lists.

B [172] UNDERSTANDING POINTERS

The tomputer's memory is a sequential collection of storage cells as shown in Fig. 11.1. Each
cell, tommunly known as a byte, has a number called address associated with it Typically,
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Memory addresses within a _H_Eﬂ.::.wq are referred to as pointer constants. We can-
=+ 7 uonthem; we can only use them to store data values. They are. [ike house .

3t save the value of a memory address directly. We can only oblain the
v miv Lirough the variable stored ﬂ.wmmm._._“m..:..w the address cperator (&). The value
thus obtained is known as pointer value. The pointer value {i.e. the address of 2

(]

{ wariable} may change from one run of the program 10 another. |

Lmee we have a peinter value;iiicanbe'stored irito ariothervariable. The vari-:
Jiie that contains a pointer valuesis-called apoimter variable: ~ i

[73] ACCESSING THE ADDRESS OF A VARIABLE

The actual location of .ﬂ._gmipEn in the memory is system dependent and therefore, the:
- address of a variable is not known to us immediately. How can we then determine th
address of a variable? This can be done with the help of the operator & available in C. Weig|

have already seen the use of this address operator in the scanf function. The operator
immediately preceding a variable returns the address of the variable associated with it. Fo
example, the statement

B = hguantity; B i iy ol ;
would assign the address 5000 (the location of quantity) to the variable p. The & operato
can be remembered as ‘address-of’. . .
The & operator can be used only with a simple variable or an array element. The followi
are illegal vse of address operator: S it b ’ .
1. &125 (pointing at constants). . -
2. int xJ10); o e
- &x (pointing at-array names). ..
3. &(x+y) (pointing at expressions).
If x is an array, then expressions such as. -
: UL UL &x|0)and &xfi+3)
are valid and represent the addresses of Oth and (i+3)th elements of x.

Example 11:1 Wiite a program 'to print'the address of a variable aiong with its value e

.ﬁ.i. program shown in Fig.. 11.4, declares and initializes four variables and then prints o
these values with their respective storage locations. Note that we have used %u format.
printing address values. Memory addresses are-unsigned integers.

Program
“main()
___ 5
chdr - -a;
int X3

This tells the compiler three thi

% Pand x.

float p, q;

a = "A';

i x = 125;

4 p = 10.25, q = 18.76;

“ “printf{*%c .is stored at addr %u.\n", a, ka);
= printf{“%d is stored at addr %u.\n", x, Ex);
m“ printf("sf is stored at addr Su.\n", p, ap);
2 printf("%f is stored at addr Su.\n", q, ..S?

A is stored at addr 4436,

125 is stored at addr 4434,
10.250000 is stored at addr 4442.
18:760000 is stored at- addi 4438,

355

|

[IE4] DECLARING POINTER VARIABLES

" ey

2. pt_name nesds a memory location.
3. pt_name points to a variable of type data_type.

For example,
int *p; /* integer pointer *
declares the variable p as a pointer variable that points to an integer data type. Remember

that the type int refers to the data type of the variable being poi y
: il ! g pointed to and not the f;
2:_&.@ value of the pointer. Similarly, the statement L L

: float *x;  / * float pointer */
nﬁiﬁahﬁm.ﬁomuﬁnSw wnmabm.é_is:mmmzm.

i - i -
r ngs about the variable pt_name,
1. The asterisk (*) tells that the variable pt. name is a pointer variable.

In C, every variable must be declared for its type. Since pointer variables contain addresses
that belong to a separate data type, they must be declared as pointers before we usge them.

The declaration of a pointer variable takes the following form:

The declarations cause the compiler to allpcate memory locations for the pointer variables

| x. Since the memory locations have not been assigned any values,
tontain some unknown wval

shown:

: these locations may
ues in them and therefore they point to unknown locations as

=

e e e

——
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a58 M Programmingin ANSLC. — - : ” 2
g =i & : ; ; 359
We can also use different pointers to point 1o the same data variable. Example. The program and output are sh L Je=t |.J.|.I|||.ﬁ
: Ve e : own in Fig.11.5. The
. int x; { 4 Acees g . : s program clearly sh
i intnl = & . | B3 _ W M . ,M wm__mcM;_ﬂ.m of a variable using a pointer. You may notice that E.W, wm_”u.w% _,D__,E iy s
: ; and the value it points to is 10, Further, you may also note the Wﬁ&ﬁmﬂ
! & owing

il s ] x
int *p2 = &x; equivalences:

i int *p3 = &x;

!nxnﬂ_ﬂu‘.ﬁl
w.xuwa_...._.:. et

i T T T ¥ = .-s,n.. o ....f......v... . ....,. . " \ _ ﬁ._-ﬁ_mu.m._._._ R
With the exception of NULL and 0, no.other constant value can be assigned to a pointer z {
variable. For example, the following is wrong: T ; i fnt  x, y; _
AR B L e :.a.uw‘v =- 53605 . .75/ *absolute. addressi*f:.. .. : i int  *ptr;
s cep dmmnilip e TR ¥ = O L oot ”. X = 10: .
g 1. madw P » & e —E PR Bty el [l anadd ca Tw LET_g Ra By e H = -
11.6] ACCESSING A VARIABLE THROUGH ITS POINTER ~ 7" " “ g .hww

printf("Value of x is ma#:g==hxu"

printf(*sd is stored at addr %uln", x, &ix) ;
printf(*%d is stored at addr Suln™, *gx ?U.
printf("%d is stored at adar Luinv, ,unw nﬂwu.
printf("sd is stored at addr Suln®, ptr .wwal.__
printf(“%d is stored at addr %u\n", y m.?._. .
"ptr = 25, . .
printf{"\nNow % = Fdn",x):

Once g pointer has been assigned the address of a variable, the question remains as to how |

access the value of the variable using the pointer? This is doné by using another unar

operator * (asterisk), usually known as the indirection opérator. Another name for ih

indirection operator is the dereferencing operator. Consider the following statements:

. int quantity, *p, n; - e

guantity = 179;. - . S ke W B
p = Bguantity: : Lo
n= *p:

N o ST P B e

}
Output

pointing to an integer. The second line assigns the value 179 to quantity and the third i
assigns the address of quantity to the pointer variable p. The fourth line contains th

indirection operator *. When the operator * is placed ‘before a pointer variable in“aid
expression (on the right-hand side of the equal sign), the pointer returns the value of t

Value of x i5 10

variable of which the pointer value is the address. In this cage, *p returns the value of | 10 is stored at addr 410
variable guantity, because p is the address of quantity. The * can be remembered as ‘valt 10 5 Senbed it ...n_a“.. ; E.o . . 4
at address’. Thus the value of n would be 179. The two statements B IR "Eg 10 is stored at addr :GM ,m.
N A oy e f " 7 4
p = Bquantity; 4104 s stored at addr 4106 !
io is stored at addr 4108 :

n = *p;
Gt Now x = 25

are equivalent to

n = *Rquantity;
which in turn is equivalent to

n = .-—:m...-.nmﬂ.tu »ﬂ.ﬂ...ﬂ.bnﬂnmm. ; s i, IR 5
In C, the assignment of pointers and addresses is always done symbolically, by me il L i:nh_._..n w____._o:%_.. _qﬁ,.cﬂamw it ;]
symbolic names. You cannot access the value stored at the address 5368 by writing *53

will not work. Example 11.2 illustrates the distinction between pointer value and the
it points to.

: The actions perfs mn i B
= pertormed by the program are illustrated in Fig. 11.6. The statement pir= =

._Muﬁ_m.aiim&w .
St to 3 ress of x to ptr and y = *ptr assigns the value pointed to by the pointer
" ; ) . ; "Note the use of the assignment statement
ample:11.2{ Write a program fo llustriate the use of indirection cperator ™ to acgid Nk &

the value pointed to by a printer. : P 5
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362 rogramming i
4% —*p2 1 *pl + 10
is evaluated as follows: ® _
(@ Cp2) (pI) + 10 X -
When *pl = 12 E.E #p2 = 4, this expression evaluates to m_ mﬁ:m_E,uwH. since all Mﬁ vari-
ables are of type int, the entire evaluation is carried out using the integer arithmetic.

o T3 : : o
1| Program ; _ . . - 5
. “E__: | ! -
wm int a, b, *pl, ém..n..m.: Z; .
Bl o W N R .. . i 5 s v f
i b = 43 3
i pl = 83; : _ ——
E p2 = &b; , o
B x = *pl * *pZ - 6;
= Ly s.a% =%p2 [ pl ¥ 10 . o : B & & e
? orintf(*Address of a = %u\n", pl);
& printf("Address of b = suln®, .uﬂ;
m.. printf{*in"}; .
v.. printf("a = %d, b = d\n", a, bY;

printf("x = %d, y = %d\n", x, ¥);

*n2 = *p2 + 3,
i *pl = *p2 - b;
L 2 =*pl * *p2 - 6 :
] printf("\na = %d, b = %,%, a, b);
z printf(" z = &d\n*, z);5
q )
Output
i Address of a = 4020
A hddress of b = 4016
A a=12,b=4
o x=42,y=9
,_, a=2,b=17

T Y o Sa P R g e

EF AT LR R SR

POINTER INCREMENTS AND SCALE FACTOR

We have seen that the pointers can be incremented like

pl = p2 + Z; ;
pl = pl + L ?

~——-—— Pointers '

{263
and so on. Remember, however, an expression like
ple+;
will cause the pointer pl to point to the next value of its type. For example, if pl is an
integer pointer with an initial value, say 2800, then after the o

Ve ; peration pl = pl + 1, the
value of pl will be 2802, and not 2801. That is, when we increment a pointer, its value is

increased by the length’ of the data type that it points to, This length called the scale factor.
For an IBM PC, the length of various data types ur

e as follows:
characters 1 byte
integers 2 bytes
floats 4 bytes
long integers 4 bytes
doubles 8 bytes

The number of bytes used to store various data types depends on the system and can be

found by making use of the sizeof operator, For example, if x is a variable, then sizeofix)
returns the number of bytes needed for the variable.

(Systems like Pentium use 4 bytes for
storing integers and 2 bytes for short integers.)

s

The following rules apply when perarming operations on pointer variahles,
1. A pointer variable can be assigned the address of another variable.

. A pointer variable can be assigned the values of another pointer variable,

2
3. A pointer variable can be initialized with NULL or zero value,
4

A painter variable can be pre-fixed or post-fixed with increment or decrement |~
DpEraters.

An integer value may be added or subtracted from a pointer variable.

When two pointers point to the same array, one pointer variable can be sub-
tracted from anather,

When two pointers point to the objects of the same data types, they can be
compared using relational operators.

8. A pointer variable cannot be multiplied by a canstant.

9. Two pointer variables cannot be added,

10. A value cannot be assigned to an arbitrary address Gi.e &x = 10; is illegal).

2 v g oo

-
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Like in-one-dimensional arrays, we can use a ??.ﬂmq to access the individual characters
in a «ivng This is illustrated by the example 11.5.

-+

2 .. . grogram using pointers to determine the length of a character

string, : %

Ay e eount the length of a string is shown'in Fig.11:10. The statement - "
.. . char %eptr.= name;

deciire: epiv ns @ pointer to a character and assigns the address of the first character o

oo as the initial valué. Sined a'btring is'always terminated by the null character, the

stavment 0 | A

[

o HAia e, B H

o e ......-____.m..._n..T.nu.nﬂ.
is true until the end of the string pu.mmm.n:mm; ; : :
When the while loop is termiriated, the pointer eptr holds the address of the null

character. Therefore, the statement- - -7 ¢
) Tength = cptr — name;

E¢mm.+sw_ﬁwﬁ._nmmrm§.. ,w.s.u._.upmm..”. ey o T .._ =0

59

.

The output also shows the address location of each character. Note that each charactes
occupies one memory cell (byte). i : :

w Program

main{)

.

=] char *name;

- int  Tength:

i char *cptr = name;

m.. name = “DELHI":

i printf ("&s\n", name); ;
it while(*cptr 1= "\0') i

{ _ e A
printf("%c is stored at address Su\n™, *cptr, cptr};
cptret; _ ) o ;
% v "% a = i F : ! " ;
length = cptr - name; i :
printf("\nLength of the

w..w....:..m.. = %d\n", length);

| Dutput
| DELMT :
D is stored at address 54
E is stored at address 55
L is stored at address 5§
H 1s stored at address 57
I is stored at address 58
Length of the string = 5
T e D e I T A S R oy et et

InC, a ,Goﬂm_.m.m:" character string always represents a pointer to that string. And therefore
the following statements are valid:
char *aame;
name = "Delhi®;
These statements will declare name as a pointer o character and assj
gn to name the
constant character string “Delhi”. You might remember that this type of assignment does
not apply to character arrays. The statements like . .

char name[20];
name = "Dejhi"

do not work,

11.12] ARRAY OF POINTERS

One important use of pointers is in handling of a table of strings. Consider the following
array of strings:
) char name [3][25];
This says that the name ig a table containing three names, each with a maximum length
of 25 characters (including null character). The total storage requirements for the name
table are 75 hytes.

T

E_m know that rarely the individual strings will be of equal lengths. Therefore, instead of
,"_..w._c:w each row a fixed number of characters, we canmake it a pointer to a string of varying
ength. For example,
char *name[3] = {

New Zealand",

Australia®,

*India"

b
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You may note the following points:

1. The funetioh parameters are declared as pointers.
2. The dereferenced peinters are used in the function body. :
o7 s ovw s eheian g called, the addresses are passed as actual arguments.

oI

to traverse array elements in Example 11.4. We can also uzse this technigue in designing:

o
i s u puiliiers (o access array elements is very common in C. We have used a _HBE.@WM. /

user-defined functions discussed in Chapter 9. Let us consider the problem seorting an m_._.m.ww... :

of integers discussed in Example 2.6. . o . . 4
The function sort may be written using pointers (instéad of array indexing) as shown
B R T T — L
5l . [ FA & = H LI .d-.ﬂ-” .ﬂ.n.h—.l .ﬂ.m!u” " — -_ * " i i .
: For (i=1; i<= m-1; it+) y R
oadoffor (felh demmely J4) s L e o o BR
TEF (®{x#J=1} >=*(x#§])) "-.. ... i
.m * i - " i
temp = *(x+j- 1)} T

Y(x+3-1) = *(x+d); G B s

*(x+j) = temp;
Note that we have used the pointer x (instead of array x[ ]) to receive the address of ar
passed and therefore the pointer x can be used to access the array elements (as pointed 6ut
‘Section-11.10). This function can be used to sort an array of integers as follows:

[

int mnan. }m.. ‘m.u. 71, 83);

mosmﬁm. : mmo.qm: /* Function call */
The calling function must use the following prototype declaration.
_ void sert {int, int *};

This tells the compiler that the formal argument that receives the array is a pointer,
array variable. . ey 28

Pointer parameters are commonly employed in string functions, Consider the functi
copy which copies one string to another. S

copy(char *sl, char *sZ)

{
while( (*sls+ = *s2+4) 1= '\0')

o ]

This copies the contents of s2 into the string sl. Parameters s1 and s2 are the pointers
character strings, whose initial values are passed from the calling function. For example,
calling staterment .
. copy(namel, name2);
will assign the address of the first element of namel to sl and the address of the first
element of name2 to 2,

- i,
i
SR

i

ik

5

— Poiners.

|||Ta

Note vhat the value of "s2++ is the character that s2 pointed to before 82 was ineremented
Due to the postlix ++, $2 is incremented only after the current value has been fetched. m.:q:.“
larly, sl is incremented enly after the assignment has been completed.

Each character, after it has been copied, is compared with ‘\0" and therefore copying is
terminated as soon as the ‘(0" is copied.

[11.14] FUNCTIONS RETURNING POINTERS

We have scen so far that a funetion can return a single value by its name or return multiple
_inm.w through tamsgu.uﬂmamwmww. Sinee pointers are a data type in C, we can also force a
function to return a pointer to the calling function. Consider the following code:

int *larger (int *, int *); {* prototype */

main { )}

{
int a = 10;
int b = 20;
int *p;

p = larger(%a, &b};
printf ("%d", *p);

JFunction call =f

H
int *larger (int *x, int *y)
i
if (*x=*y)
return {x); / *address of 3 =/
glse
return (v); /* address of b */

i

The function larger rcceives the addresses of the variables a and b, decides which one is
larger using the pointers x and y and then returns the address of its location. The returned
value is then assigned to the pointer variable p in the calling function. In this case, the
address of b is returned and assigned to p and therefore the output will be the value of b
namely, 20, .
_ Note that the address returned must be the address of a variable in the calling function, Tt
1% an error to return a pointer to a local variable in the called funetion.

[11.15] POINTERS TO FUNCTIONS

Afunctien, like a variable, has a type and an address location in the memory. it is therefore,
Possible to declare a pointer to a function, which can then be used as an argument in another
function. A pointer to a function is declared as follows:
type (*fptr]) {);

This tells the compiler that fptr is a pointer to a function, which returns type value. The

Parentheses around *fptr are necessary. Remember that a statement like
type *aptr(});

Would declare gptr as 2 function returning a pointer to fvpe.

o=
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i T - Programining AN C.

All'the pointer variables store memory addresses, which are compatible, bu
what is_not compatibie is the underlying data type to which they point to. We
cannet use the assignment operator with the pointers of different types. We can
hewevnr make explicit assignment between incompatible pointer types _..____, cu_:m
casi aperator, as we do with the fundamental types. Example:

int x;
n:mﬂ *ny
= (char *) & x;
in such cases, we must ensure sm" all operations that use the Es_m_, _.._ 35.,_
apply casting properly. i
We.have an exception/ The exception is the void pointer {void *). The void

pointer is a generic poinfer that can represent any pointer type. All pointer typés. -
can be assigned to a void poinler and 2 void pointer can be mum_wamn_ to any _.._.n.__.:Q
without casting. A void pointer is created as follows:

void *vp;
xmama_umq that since a void pointer has no object type, it cannot be de-referenced. ..

L

thing is true of the names of arrays of structure variables, m:_uu_amm u_ndn:nﬂ is an E...mw..

variable of struet type. The name product represents the address om its zeroth nHaEmsrﬁ :
Consider the following declaration:

struct inventory

{
char name[30];
int number;
float price;

} product (2], *ptr:

This statement declares product as an array of two elements, each of the type mﬂéﬁ,ﬁ

Eqmuﬂu..w and ptr as a pointer to data objects of the type struct inventory. The
assignment
ptr = product; .
would assign the address of _._.5 zeroth element of product to ptr. _._.rwn is, m.m vﬂnnmﬁ ptrl
.,S: now point to product[0]. Its members can be accessed using the ?:Qs..mm notation. 3
: = 3 " ﬂﬂq. => name .- . . romt i T e
ptr -> number
~ ptr —> price
The symbol => is called the arrow operator (also known as memtber %HRE: anm..ﬁ:_i m_.ﬁ.,._c.w

is made up of a minus sign and a greater than sign. Note that ptr—> is simply another way of
writing produet[0].

. | Program

3 printf(*4-20s %5d %10.2f\n",
i ptr->name,
b ptr->number,
o : ptr=>price);
e ptrit; |
3 w
; )
b2
7| Dutput
INPUT

*Pointers -~ {a77
When the pointer ptr is incremented by cne, it is Eumn to point to the next record, ie.,
product(1]. The following for statement will print the values of members of all the elements

of product array.
for{ptr = product; ptr < product+2; ptr++)
printf ("%s %d %f\n", ptr-=name, ptr->number, ptr->price);
We eould also use the notation

{*ptr}).number
te access the member number: The parentheses around ..uz. are necessary because the
member operator " has a higher precedence than the operator *

Example '11.8 | Wiite a program forillustiote the use of structure pointers.

A program to illustrate the use of a structure pointer to manipulate the elements of an array
of structures is shown in Fig. 11.13. The program highlights all the features discussed above.
Note that the pointer ptr (of type struct invent) is also used as the loop control index in for
loops.

By struct invent

Ea {

b char *name[20]:
k int  number;

b float price;

& struct invent product{3], *ptr;

L printf{"INFUT\n\n");

for{ptr = product; ptr < product+3; ptr++)

o scanf{"%s %d %f", ptr—=ndme, &ptr->number, Sptr—>price);
: print F{"\nOUTPUT\n\n");

ptr = product;

while{ptr < product + 3)

{

Washing_machine & 7500
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sl - b -
/*  .Prepare rank 1ist based on total marks - ' _ /i Exchange of strings . * -
. ) ? . _ swap_string(char si[ ], char s2[ 1)
: get -rank_list(char *string [ T, [+ &
int array [ ] [SUBJECTS + 1] _ n_.,w., swaparea[256 :
i L in i;
: t m, . soE S g
“”n ”_ _ for{i = 0; i < 256; i++)
_ : swaparea(i] = "\o';
: : : i=0;
Y int i, j, k, (*rowptr)[SUBJECTS+1] = array; kel ; : . ; i
% ' i ‘ hile(sl I= e <
i char *tenp; . | M : (i 8 i < 256) m
: for(i = 1; i < : mil; ie+) .. wzpum1mmﬂm”_ . Y . o
% : | v . 1 A pr #+r - . i . ) 5 L
for{j = : u <= =.T._m itt) d j . w } ; g .o
ifl ( u_A_..a..._ + j-1))[n-1] = T?oxunq + ._:_T. 4.”:_ i & i
: i o b e L ; . while(s2[i] 1= \0' a4 i =
; m:._w_ul.mdﬁﬂ.:m.amu.i:mﬁ._....H”_.u. mwﬂ_jm:”_.um. .n efs2[i] ! \NO' Bk G < 256)
i : e s1[i] = s2[i];
for{k =-0; k < n;_ket) . m:mi.; = _..,”__u."
swap_int (&(* _“_._._._31 + ::5 JA(* T.o.._ﬁﬁ?:“_?._ } . n
H . i=0; ;
while(swaparea[i] 1= "\0'}) .
/* Print out the ranked 1ist S| { i
print_list(char *string[ ], s2[1] = swaparea[i];
int array [1 [SUBJECTS + 1], s2[++i] = "\0';
int m, i
int n} y | ;
{
int i, j, (*rowptr)[SUBJECTS+1] = array; g Output
for(i = 03 i itt) :
. * _ Input students mames & their marks in four subjects
: printf("s-20s", string[il); . .3 S.Laxmi 45 67 38 55
1 : for(j = 0; j < n; j++) V.5.Ra0 77 89 56 69
2 printf("%5d", (*{rowptr + i}}[i1); A.Gupta 66 78 98 45
; y m.. _U_...m_-.w._“hl_.—._j..vu M.Iw_.__._ mwm HN G mm
 od m } R.Daniel 44 55 g6 77
| w... ¥
oo Exchange of integer values b 4 S.Laxmi 45 67 38 55 205
¢ swap_int{int *p, int *g) g i M g6 s a1
G e b.__w:_”_.__.m 66 78 98 45 a7
: 2 (S e - ; S Mani 86 72 0 25 183
i temp = *p; R.Daniel ¥ 55 66 77 202 _ i
i El a5 = P : e .
¢ m g Em_u. : _ Ranked List
_ Ho ’ ‘ V.5.Ra0 77 89 56 69 291
. 8 AGupta
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11.3
11.4
11.5

11.6

11.7
11.8

11.9

11.10
11.11
1112

?”__ The

ey The pointer that is mmn_ﬁma as
Whan s a pointer? .

How is 4 pointer initialized?
Explain the effects of the woﬁ_oi__:n statements:
ful 3nk a, *b = 3a;

(bY int g, *p;

(e} char *s;

() a = (foat *) & fF - - 7
(e} double{*f)();

cannot be de-referenced.

il m and n have been mmn?_m._mm as integers and pl and p2 as pointers to integers, the

state errors, if .E? in the mcw_._.....;um m._HFEm:E
fa) pl = ms. : ; (s
{b) p2 = .
e} *pt = w_:
fd)y p2 = &*&m;
(e) m = p2-pl;
(0 pl = &p2;
an m = *pl + *p2+s,;
Distinguish between (*m)[5] and *m(5]. o
Find the error, if any, in each of the following statements:
(a) int x = 10;
(b) int *y = 10;
{c) int a, *b = &a;
d) int m;
int **x = &m;
Given the following declarations:

int x = 10, y = 10;
int *pl = &x, *p2-= «i.

What is the value of mwn_p of ,s..__m following muﬂgmmsnmu

{a) (*pl} ++

(b} ——(*p2}

(e) *pl + (*p2)-—,

(d) ++{*p2) - *p1

Describe typical applications of EEE in. developing rEmmE_.E

What are the arithmetic operators that are permitted on EEEE.......

What is Hs..pﬁm by the following. ﬁgﬁwm_.p.w

int m= Eo. : g e G
int * pl = Em; . y
int **p2 = &pl;

printf{*%d", **p2);

operator returns the value of the variable to which its operand points.{.
{(d) The only integer that can be assigned to a pointer variableis ____.

= - Pointers:

—| e
11.13 What is wrong with the following code?

m=w **pl,

n .m_u _. L] ]

11.14 PmmEE:m name as an array of 15 character length, what is the difference between

the following two expressions?

{a) name + 10; and

(b} *(name + 10).
11.15 What is the vutput of the following segment?

int m[2];

*(mrl) = 100;

*mo= *(m+l);
-3 printf("%d", m [0]);
.11.16 What is the output of the following S_n_mq
; int m [2];

int *p = m;

0] = 100 H

m [1] = 200 ; ?

printf(“sd %d", ++*p, *p);
11.17 What is the output of the following program?

int f{char *p);
main { }
{

char str[ ] = "ANSI";
printf("&d", f(str) );
}
int f{char *p)
{
char *q = p;
while {*#+p)

return ﬁu-au“
)

1L18 Given below are two different definitions of the function search( )
a) void search (int* m{ ], int x}
i
|
bl void search (int ** m, int x)
{
}
Are they equivalent? Explain,
11.19 Do the declarations
char s [ 5] 3
char *s;
represent the same? .mx_u._ﬁa.
¥ 1120 Which one of the following is the correct way of declaring a pointer to a function?
Why?
(a) int ( *p) (void) ;
{b} int *p (void);
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m..m.... “ — m_n Management in C ||I|.|.— 399
opens the file named filename and assigns an identifier to the FILE type pointer fp, This
pointer, which contains all the information about the file is subsequently used as a commy-
nication link between the system and the program.

. The second statement also specifies the purpose of opening this file. The mode does this
job. Made can be one of the following:

. Functian nap “ Operis
fopen() * Creates anew file for use.

S * Opens an existing file for use,

felose() . * Cleses a file which has been opened for use. .
2 i L sy e r open the file-for reading only.
”“_HMW._ " * ﬁum.nmuuna—“u“.wn__nna ”umﬂ.np : w  apen the file for writing only.
fpnnri(s . %Writes asctofdatavaluesoa file: - .. . . a open the file for appending (or adding) data to it.
mﬂ% g “wﬂ.& 2 wﬂcmn”mmmw_ﬁnm_maﬁw file. - i Note that both the filename and mode are specified as strings. They should be enclosed in
w,_ ol i iwnwﬁ,ﬁw_w _.ﬂwnﬂ g G _ double quotation marks.
fseek() * ety i posilionioadesived polatinibeitile. ; ¥  When trying to open a file, one of the following things may happen:
ftell() ) uﬁ * Gives the current position in the file (in terms of byles ?2: __.h.mE._. y 1. When the mode is ‘writing’, a file with the specified name is created if the file does ngt
rewind() © *Sets the position to the beginning of the file. exist. The contents are deleted, if the file already exists.

2. When the purpose is ‘appending’, the file is opened with the current contents safe_ A
file with the specified name is created if the file does not exist.

3. If the purpose is ‘reading’, and if it exists, then the file is opened with c-m eurrent
contents safe otherwise an error oceurs.

Consider the following statements:

FILE *pl, *p2;
g pl = fopen("data”, "r");
p2 = fepen(“results™, "w"):

__Sumﬁu. are many other functions. Not all of them are supported by all compilers. You sho
check your C library before using a particular /O funetion.

E DEFINING AND Umm_z_zn A FILE

E. _.__.m g..mb.ﬂ to _wwﬂd mmﬂm ina mHm in ﬁ...m mmnonn_mq Emn.aﬁﬁ we must mﬁmn_@ 33.3: 95
m_...usﬂ the file, to the nﬁmwﬂnzn system, ﬁﬁw include:
- L. Filename.
2. Data structure.
3. Purpose.
Filenarme is a string of characters :»m_.. ::-_ﬁ E.._ a valid filename for the aﬁmwmﬂam mwm._umﬂ.v I

may contain two parts, a primary name and an optional period ﬂ_nr the extension. Exa
ples:

The file data is opened for reading and results is opened for writing. In case, the resulis
file already exists, its contents are deleted and the filc is opened as a new file. If data fle
does not exist, an error will oceur.

Many recent compilers include additional modes of operation. They include:

r+ The existing file is opened to the beginning for both reading and writing,

el

Fvﬁ data w+ Same as w except both for reading and writing.
: ..mgam a+ Same as a except both for reading and writing.
‘ .m_.w_“ﬂ._m O. ' We ¢an open and use a number of files at a time. This number however depends on the
Student.c system we use.
Text.out -

Data structure of a file is defined as FILE in the :vww.&. of standard /O _..nnnrqﬁ .mmm.
tions. Therefore, all files should be declared as type FILE before they are used. FILE is
defined data type. i

When we open a file, we must specify what we want to do with the file. For %E..%F
may write data to the file or read the already existing data.’

. ;.m..m.:..u....au.m.ﬁ zpm general format for declaring and opening a file:

| [23) cLosING A FiLE

§i Afile must be closed as soon as all operations on it have been completed. This ensures that
# all sutstanding information associated with the file is flushed out from the buffers and a]
1 links to the file are broken. It alen prevents any aceidental misuse of the file. In case, there js
§ 2limit to the number of files that can be kept open simultaneously, closing of unwanted files
¥ might help open the required files. Another instance where we have to cloze a file is when we
A Want to reopen the same file in a different mode. The VO library supports a funclion to dg
& this for us. It takes the following form:

.m._um first hnwm.mqs.-lw ..._@o_mﬂmw the ____.mﬂh_bm mm- as a waun_..mu. _.b. the data type FILE™ i

stated earlier, FILE is a structure that is defined in the /O library. The second w_b_.mﬂmmn : fclose(file_pointer):
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uf_w

The file INPUT is again reopened for reading. The program then reads its content charse=

ter by character, and displays it on the screen. Reading is terminated when gete encountery-

the end-of-file mark EOF, .
Testing for the end-of-file condition is important, Any attempt to read past the end of fils-

might either cause the program to terminate with an error or result in an infinite loop sitgh. |

atiom,

The getw and putw Functions

The getw and putw are integer-oriented functions. They .@.mm.ﬂimﬁﬂ.s the getc and m.wu

functions and are used to read,and write integer values. These functions would be
when we deal with enly integer'data. The general forms of getw and putw are:

A

Example 12.2 illustrates the use of pu

= i

L

tw and getw functions, - -

E.IJV 2. A file named DATA contains @ serles of'integer numbers. Code a p
— gram to read these numbers ond then write all ‘odd’ numbers to & fi
be called ODD and all “even’ numbers fo o file to be colléd EVEN.

u.w.mwwam_ﬁawmmr%uﬁﬁm_—w.m._ﬂﬂﬁﬁammumm umﬂcﬁm:muﬁqgmﬁanmmouﬂsﬁ
to define three-file pointers f1, £2 and £3, ; i

First, the file DATA containing integer values is created. The integer values are read
the terminal and are written to the file DATA with the help of the statement

putw(number, f1); -

Notice that when we type -1, the reading is terminated and the file is closed. The
step is to open all the three files, DATA for reading, ODD and EVEN for writing, ]
contents of DATA file are read, integer by integer, by the function getw(f1) and wri
ODD or EVEN file after an appropriate test. Note that the statement

{number = Nnﬂie_ = H.Q_m.

reads a value, assigns the same to number, and then tests for the end-of-file mark.

Finally, the program displays the contents of ODD and EVEN files, It is important to
that the files ODD and EVEN opened for writing are closed before they are reopened;
reading.

2 Program
#include <stdie.h=
main()
{
FILE *f1, *f2, *f3;
int  number, i;

printf(*Contents of DATA file\n\n*);

.z
b i

st e i

£

SRR

-

TR T P AN, R A Sl i e g

fl = Qum.:._“.o.p;.. "W"): J* Create

for{i = 1; i == 30; i++)

{ d
scanf("%d", &number);
“if(number == -1} break;
putw(number,f1);

}

fclose{fl);

fl = fopen("DATA®, "»r*);
f2 = fopen("0DD", "w");
3 = fopen(“EVEN", "w");

/* Read from DATA file */
while{(number = getw(f1}} != FOF)

{
if(number %2 == ()

e Mansgement i C

DATA file  */

" putw(number, f3): [* MWrite to EVEN file J..

else

i
felose(f1);
felose(f2);
felose(f3);

f2 = fopen("0DD","r");
f3 = fopen{“EVEN", "r®);

printf("\ninCantents of ODD file\nm\n");

while((number = getw({f2)) !'= EQF)
printf{"%4d", number);

printf{"\n\nContents of EVEN fileln\n");

while{ (number = getw(f3)) != EOF)
printf("%4d", number);

fclose{fz);
felose{f3};

i
Qutput

Contents of DATA file
111 222 333 444 555 666 777 888 999 000 121

putw(number, f2); /* Write to 0DD file */

232 343 454 565 -1

I“ 395

——
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#1s}- {Programming n ANSHC:: -

structura 1

structure 2 structure 3-

_n_u 13,47 A lnked st

Fach structure 3, the list is called a nodé wE.ﬂ consiats om two ma—m_« nne containing the
atemn . and the other Snﬁmiﬁm the address of the next item (a pointer to the next item) in the
list. A Jinked list is therefore a collection of structures ordered not by their physical
placement in memary (like an array) but by logicallinks that are stored as part of the data in
the structure itself. The link is iti the form of a pointer to another w_u.:n.Eﬂm of the same Sﬁ.m
Such a structure is ..mm.ﬂwmm:ﬁn_ a3 follows: o

/

stroct nede -
{

“int item;”
struct node *next;
The first member is an integer item and the second 2 pointer to the next node in the list as
shown below. Remember, the item is an integer here c:.ﬁ ?u EEE.EE_ and could be any
complex data type.

mnﬁw structures, which contain a member ficld that points to the same structure type are
called self-refrential structure.
A node may be represented in general form as follows:

note

item  nexd

struct tag-name
{
type memberl;
type -member2;

A T

struct tag-name *next;
4 .0k
o e A T R Hr G

The structure may contain more than one item with m_mwmﬁmi nmﬂ types. ma___qm__.a._ one o_.
the itemns must be a pointer-of the Jim tag-name: -

_uw_.a..an z

o Bllcation andLinked Lsts - — 419

Let use consider a simple EE.E%E to E:ﬁqﬁm the concept of linking. Suppose we define

a strueture as follows:

struct link_list
{
float age:
; struct link_list *pext;

For simplicity, let as assume that the list contains two nodes nodel and node2. .H._,-mu_. are

of type struct link_list and are defined as follows:
struct link_ :mﬁ nodel, nodel:; -

q_w.._m statement creates space for E& nodes cach Ssﬁzzam two empty fields as shown:
nodal

neded age

e node nexl

The next pointer of nodel can be made to point to node2 by the statement
nodel.next = &node2;

This statement stores the address of node2 into the field nodel

# -next and th i
a *link” between nodel and node2 as shown: il us establishes
node]
nodel. age
i’ node?
Link T
i — node? age
S0 TN nodez net

“sxxx” is the address of nede2 where the value

of the variable node2: :
Now let us assign values to the field age. nodeLage will be stored.

o " L
35.50;
49.00;

nedel, age
node?. age

L]

The result is as follows:
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422} . Programming i ANSI C..

The circular linked lists have no beginning and vo end. 'The last item points back to the
first item. The doubly linked list uses double set of peinters, one pointing to the next item
and other pointing to the preceding item. This allows us to traverse the list in either
direction. Circular doubly linked lists: employs both the forward pointer and backward
peinter in circular form. Figure 13.6 illustrates various kinds of linked lists.

-

(a) Linear fist

5 .

(b} Cireular list

[13.10] POINTERS REVISITED

The concept of pointers was discussed in Chapter 11. Since pointers are used extensively in
processing of the linked lists; we shall briefly review some of their properties that are &..mnp._m
relevant to the processing of lists. : i : ]

We know that variables can be declared as pointers, specifying the type of data item they
can point to. In effect, the pointer will hold the address of the data item and can be used 1038
access its value. In processing linked lists, we mostly use pointers of type structures,

It is most important to remember the distinction between the pointer variable ptr, whi
contain the address of a variable, and the referenced variable *ptr, which denotes the valu
of variable to which ptr’s value points. The following examples illustrate this distinetion. 13§
these illustrations, we assume that the pointers p and g and the variables x and y ap@
declared to be of same type.

P

erm. pointer p still points te
j (which is pointed to by q).

(d) NULL pointers

A special constant known i
. as NULL pointer (0) i
Point to nothing. That is the statements e

— U&.EB_..“ Memonry E_n_nuﬂaz and Linked Lists —— A_ 423
(a) Initialization

P Ex;

The pointer p contains the address of x and ..w S:Emnm the address of .’
3 s . ra ¢ g
P =100 and *gq = 200 and p<
(b) hmwm.hz ment p =g i
The assignment P = q assigns the address of t

sz_w_,o_.m P now points to the variable y. USRSkl s e P

Both the pointer variables point to the sume variable,

. Ttk hﬁiiﬂlmﬁcwﬂﬂunvw
(e} Assignment *p = +q
This assignment statement puts the value of th

gl (omiiclres B e variable pointed to by g in the location of

wp gyl

D pamts to

points lo

the same variable x but the old value of x is replaced w.___, 200

.Huwumg._u::vnv_ﬂ :

in'C to initialize pointers that
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.__um“ ,.._man.nm:a._.._n”_a.hza..n_ . : RIS P DR LR SR ] “ -
1. Start with the first node. - : b ..
2. While there are valid nodes E__.S_u..sﬁ _ 5 : list->next = {node *)malloc{sizeof{node)};
(a) print the current item; and : r create{list-=next); */ Recursion occurs */
(b} advance to next node. : : wmn._:._. ; .
Similarly, the function count counts the number of items in the list recursively and return ; g E
the total number of items to the main function. Note that the counting does not include the | void print(node *list) :
item —899 {contained in the dummy node). : { ‘ .
s : i a .“ﬂ:m.malv:mxm I ==_|_.“. S . i~ S
w _d.w__.w: i : ¥ # ©oprintf("%d--=",list ->number); /* print current item */
w finclude  <stdio.h> ' . m 1f{list->next->next == HULL)} B . I
% -EZ_E_m <stdlib. b= .~ printf("%d", :unjv__mxﬂuv:sd_.ma . : :
o #define HULL 0 i g i i . i,
7 & ul:l?m_ﬂlwamun._ h_,.» move ta next item J._ t
& struct linked list p ] . s
{ - k. return; 8 By :
int number; y m _. * :
b struct linked_1ist *next; ; ..m int count(node *Tist)
_S.._vn%.,. struct linked_list node; /* node type defined */ .,w... ! if(11st—>next == NULL)
g " return (0); .
main{} : = . else : ; . ;
a3 . 5 : : return{1+ count{list->next}};
,1 node *head; . = . % !
K void create{node *p); b= 1
int count(node *pl: 3 Uatpas . :
; void print(node “nl; % Input & number. { .
. head. = ‘{node .,”_ap:unn:hmu:_sn_w: ; (type -999 to end); 60
) create(head) Input & number
printf{"\n"); Mﬁ...__.._.m ~-999 wo end); 20
: 2 . nput a number
1 printf{head); . {type -995 to end); 10
i . printf{*\n"); Input & number
: ; printf{*\nNumber of items = %d \n", count(head)); (type —999 to end); 40
¥ Input a number
Wl veid create{node *list) (type =999 to end); 30
i E & \ Input a number
printf("Input a number\n*}; - 1 “,_._mwwm wmw”awm_nm..&u 50
¥ printf("{type =999 at .end}: “); - 5 sl
: : scanf(*4d", &1ist > :__a_um:_. /* create current node */ B (type -999 to end); -999
’ i 60 =320 ——>10 —=>40 ~=>30 —=>50 --> -999
0t if{list->number == ~999) i Eale e W al : .
: " . : e _ ; ) Humber of items .
En Tist-=next = NULL; ; e e e Tt e
2 i :
., else /*create next node */
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HT|||||,|]|| Pragramming in ANSI C e

if(list—>next-snext == NULL) /* end #/
return {NULL);
else
finu{iist-snext, key):

. " S

“iz 13.8 A function for inserting an item into a finked lists:.
lowever, if the new item is to be inserted after an existing node, then we use the funetion
I recursively s incate the key node’, The new item is inserted before the key node using
algorithn, Jdiscussed nbove. This is illustrated as: -
ore insertion

new = {node *)mal _cn_nﬂnmuq?an_&_”._..

new—>number = x;

noda

e e e NS
.

.

p __ nl — =naxi

v S

—_— —l

neEw node

t insertion
new->next = nl-snext:
nl—=next = new;
key node
. 1y S
L |
M _ _____...._ = et
|
- =,
New IS
naw node

g 5'39,.:—*-1-.:-'15‘:'-‘:{-':‘.'4-:--"@{:'%'@°"f"‘"-""m.f."_:n1:‘.i-". Hplapl: ok

Dyramic 1!.:33_53:?@51.:?3 hw.u. ’{"I}‘ 431

13.13 DELETING AN ITEM 2

H_mqmzzmw:&m _.EE:...mzm:mmqm: easier than ins ertion, as only one pointer value needs to
be changed. Here again we have three situations, :
1. Deleting the first item.
2. Deleting the Jast item,
3. Deleting between two nodes in the middle of the list.
In the first case, the head pointer is altered to point to the secand item in the ligt, In the
other two cases, the pointer of the item immediately preceding the one to be deleted is altered

to point to the item following the deleted item. The general algorithm for deletion is as
follows: . TSR, Y

Begin
£f the list is empty, then,
node cannot e deleted d
else . ¥ =
tf node to be deleted is the first node, then,
make the head to point to the second node,
else ’ .

delete the node from the body of the _H.ﬂ_.
End St

ﬂrmEmEoJ. wﬂﬁacmmn—an&:&m may F. released for re-use, Ag in the case of insertion,
the process of deletion also involves search fiyr the item to be deleted.

Example 13.5 | wiite o functien to delets o specified node.

A function to delete 4 specified node js ¥iven in Fig. 13.9,
the specified item belongs to the first node. I yes, then the pointer to the second node jg
temporarily assigned the pointer variabie P. the memory Space accupied by the first node is
freed and the location of the second node is assigned to head, Thus, the previoys second
node becomes the first node of the new list, ;

If the item to be deleted is not the fipst one, then we use the find function to Jocate the
position of ‘key node’ containing the item to. he deleted. The pointers are interchanged with
the help of a temporary pointer variable making the pointer in the preceding node to point to

the node following the key node. The memory space of key node that has been deleted if
freed. The figure below shows the relative position of the key node,

nl " = =ng

N = >next — »naxt

The execution of the following code deletes the key node.

p = _._rv__mxﬁ..v:mxn_.
free (nl-=next);
nl-=next = Ps
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) Proinning I AN e
L Just Remembér

#3 Use the sizeof operator to determine the size of a linked list.

3 When using memory sllocation functions mallee and calloe, test for a
NULL pointer return value. Print appropriate message if the :._ma-c.a__
alloeation fails.”

_.#5 Never call memory &KB..E: functions with a zero size. y
_ #1 Release the mﬁ__mhaﬁ::u. m_—ﬁﬁn@m memory when it is no E:w@_. u.mn_..:u.@m o
_. . avoid any possiblg, “memory leak”. i
. - & Using free fanction to release the memory not m._scam..ma ﬂ.._ﬁu_ﬂ-nuwa_. with
oy - . . malloc or callocds an error. . ¥

#1 Use of a invalid mﬁwﬂ. «.___E._ H&n.m EE« nm.._m_w bnnu_mﬂm EH— sﬂmﬁﬁmm

; system crash. M

- #» Usinga EEHH m?ﬁ. .E memory has wmm__ q&mwmmn_ is an error, '
. & Itis an error to assign | ‘the HEE ...m_Fm _.EE malloe or ealloe to anything I
" other than a pointer. . . )

# 1t is a logic error to set a pointer to NULL before the node has been m
released. The node is irretrievably lost. ®

A5 1t is an error to declare a self-referential structure without a structure tag. m

#3 It is an error to release individually the elements of an array created with m
calloe.

A1 It is a logic error to fail to set the link filed in the last node to null.

. Case Studes i g

e - : g
.J\u\
5

1. Insertion in a Sorted List

The task of inserting a value into the current, _anmﬂun ina mnuean linked list involves two
operations:
1. Finding the node before q._.H..ﬁ.n _.._.E new node has to be inserted. We call this node as
Key node”,
2. Creating a new node Ewnr the value to be inserted and inserting the new node by
manipulating pointers appropriately.

In order to illustrate the process of insertion, we use a sorted linked Jist created by the
create function discussed in Example 13.3. Figure 13.11 shows a complete program that
creates a list (using sorted input data) and then inserts a given value into the correct place
using function insert.

. "{H’!"' T

[ :
| Program 14 |
3 .“..w,...-

#include <stdia,h= A
#include <stdig.hs .
#

st

Ry,

N R St

R Ay

R LA

#define NULL 0

struct ._.__;r.mqlﬂ ist

{

int number;
struct linked-Tist *next;

typedef struct linked )it ._6%_..

main{}
{

!

int n;

node *head;

void create(node *p);

node *insert(node *p, int n};

void print{node *pj;

head = {node *anu_onﬁmﬂumomAaoamuv.
create(head) :

printf("\n"); :

printf{"0riginal 1ist: *);
print{head);

printf{™\n\n"};

priotf{"Input number to be inserted: *);
scanf({"%d", &n);

head = inert{head,n};

printf(“\n*};

printf{"New list: ),

print{head);

vaid create{node *1ist)

{

printf("Input a number \n*);
printf(*(type -999 at end): "}
scanf(™3d", &list->number) ;

if(list—>number == -999)
{

}
else /* create next node */

Vist-=next = HULL;

Tist—>next = (ngde u__am_:an?:_mi?on&r
create(list—>next);

H
return:

Dynamic Memary. Atacation and Linked Lists -

Ao e o i A i B nmm
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ﬂ
!
i
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J* key node found */ .
p = (node *)malloc(sizeof(node}}; /* space for new node */
p-=number = X; /* place valug in the new node *f-

p-=next = pZ; /* link new node to key node */ o ; ”"..
if {pl == NULL) : = : 1
list = p; /* new node becomes the first node */ -

else
. pl->next = p;

/* new node inserted after lst =u__u.m.._.~__,
return (list); LAy

! : .
void print(node *1ist)" f

@mq_mi Questions

$f (list == HULY , e gail viiing i
printf("KULL"); B
else i

{
printf("%d-->",1ist->number};
print{list—=next); : .

}
return;

Dutput

Input the Tist of number.
At end, type -999, 34
80 70 50 40 &0 =999 i1
#40==250-—>§0-—->70==-=B0 -—=NULL
Input the list of number.

At end, type -999,

40 70 50 60 80 -299

§0=—>50—— 0——=>80-—=HULL

R T T e T TN

Le rope s NS ST R

13.1 State whether the following statements mn_w n,__.un« or “.E_mm_ . g e s ?
{a} Dynamically allocated me can only be accessed using pointers.
H._n.w ah_.__“....n is ..ﬁ_Mn to change Eﬂhohﬂmﬂnq allocation previously allocated ,_..._.F mallog; . .
(c) Only one call to free is necessary to release an entire array allocated with nw__om,.. _
{d) Memory should be freed when it is no longer reguired. i
te} To ensure that it is released, allocated memory should be freed before the pro-
gram ends,

—— Dynami¢ Mer

(f) The link field in a linked list always points to successor,

(g} The first step in a adding a nede to a linked list is to allocate memory for the next
node,

13.2 Fill in the blanks i

|

the following statements

{a) Funetion is used to dynamically allocate _ﬂm.nmﬂ, to arrays,

(b} A is an ordered collection of data in which each element contains
the location of the next element.

(c) Data structures which contain a
type are called structiires.
(@ A_____ identifies the last logical node in a linked list.
{e) Stacks are referred to as . ,
13.3 What is a linked list? How is it represented?

13.4 What is dynamic memory allocation? How does it help in building compl 157
1 el 1 < ;  100- DY piex programs?

13.5 __a”._..w., is the principal difference between the functions malloe and ealloc

13.6 Find errors, if any, in the following memory management statements:

a. *ptr = (int *)malloc(m, sizeof(int));

b. table = (float *)calloc{100);

c. node = free(ptr); i

Eh.,.;.._.m_::ﬂmﬁ_:.ﬂwnt_mnn &Hmﬂmn.umgmﬂ:ngaw.ﬁﬂﬁﬁni _&m advantages of using
linked lists over arrays? :
13.8 Describe different types of linked lists,

13.9 Identify errors, if any, in the following structure definition statements:
" struct .

{
char name[30]
struct *next;

member field that peints to the same structure

s :
typedef struct node;
13.10 The following code is defined in a header file list. k

typedef struct
i
char namef15];
int age;
float weight;
JDATA;

struct Tinked 1ist
i
DATA person; :
Struct Tinked list *next; _ . s
ks . .
typedef struct Tinked 1ist NODE;
typedef HODE *NDPTR:

Explain how could we use this header file for writing programs,
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(14.2] MACRO sUBSTITUTION

and a string, with

Y Wﬁ .. R LT T fgai.
i _ terminated by a se
T

A INTRODUCTION S .. o

C is'a unique language'in many respects. We have dlréady seen features such as structures
and pointers, Yet another unique feature of the ¢ langiiage ig the preprocessor. The Cpre- 5
; uwﬁmmguﬂuﬂimmw.m@mﬂ&_uoam,a._u_,_ﬁm uitavailable in ‘other high-level Jan guages: The pro-
grammer can use these tools to make hig program easy to read, easy to modify, portable, and -
mopk-afficaent, iAE ket oI 3 ce B e s BN e U
- The preprocessor, as its hame itiplies, is a prograin that processes the source code hefore
it passes through th piled i

L. Simple macro substititiosn.
2. Argumented macro substitution,
3. Nested macro substitution,

Simple Macro Substitution

#define COUNT 100
#define FALSE 0

fidefine SUBJECTS &

#define Pr 3.1415926
fidefine CAPITAL “DELH]I"

Notice that we have written all macrog {identifiers) in capitals. It is a eon

: i : : vention to write
all macres in capitals to identify them as symbolic constants. A definition, such as

Fdefine M 5

will replace all occurrences of M with 5, starting from the line of definition to the end of the

wu,cwama... mcimcmﬂmﬂmﬁ.um:mamm string does not get replaced. Consider the followin g two
ines;

Fmrton T
Defines a macro substitution

Undefines a macro
#include Specifies the files to be included total = M * ya]ye;
Hifdef Test for & macro definition printf("n = %d\n®, M) i
Fendif ecifies the end of #f. +
#ifndes wﬂ& whether 8 macro is not defined. These two lines would be changed during preprocessing as follows
#if Test a compile-time condition total = 5 * v ue;
Helse Specifies alternatives when #if'test fails,

printf("¥ = sd\p~, 5):

Notice that the string “M=%d\n" is left un changed.

A macro definition can include more than a simple constant value. It can include expres-
Sions as well, Following are valid definitions:

These directives can be divided into three categories:
1. Macro substitution directives,
2. File inclusion directives,
3. Compiler control directives,
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rrence of a formal argument, as well as the

Remember to use parentheses for each oceu

whole string. =
Seme commonly used definitions are:

A(fa) > (b)) ? (a) : (b1
“M“M”M ﬂ.ﬂuﬂﬁhﬁw (((a) < (b)) T {a): (b))
#define ABS(x) (((x}>0071(x): Imm_,.cv ;
#define STREG{s1,52) {stremapl(s1,) (s2)) ||E *
#define STRGT(=1,52) {stremplisl,) (s2)) >

The argument supplied to a macro can be any series of characters. For example, the defi- 5 |
= . intf("varizble = %format \n” variable)
fidefine mmn—zﬂaﬂmmr_u“m.a:ﬂna printf{“variable = %format ",
can be called-in by ‘ i RN i
. : A PRINT(price x guantity, f); . =
.Ep.u reprocessor will expand this as : . . +

’ printf{ "price x quantity = %f\p", price x quantity): .

: rs are it | parameters in a macro call, 5

that the actual parameters are m:rmnﬁ.,_,mﬁ_ for forma ers in ¢ o 8

Eaﬂ“aﬁm_u M_m.__\‘ are within a string.- This definition can.be used for n__.EE.ﬁ __nim_mu.w a d 2
character stringsagwell. - - .. - .- 00 e i B

Nesting of Macros . b - iy o
We can also use one macro in thé definition of another macro. That is, macro definitions may

be nested. For instance, consider the following macro definitions. ~ g

: 5
#define M :
e Mﬂﬁﬁm@. (@)
umwmuun CUBE(x) (SQUARE (x) * (x))
#define SIXTH{x) (CUBEi{x) * CUBE(x))

The preprocessor expands each #define .._._.._mﬁ_d,. until no more macros. appear :..._.&m text :
For example, the last definition is first expanded into oo
((SQUARE(x) * (x)) * (SQUARE(x) * (x)))
Since SQUARE (x) is still a macro, it is further expanded into
(CE*0) ™ () * () * ) * (xN)

ich 1 luated as x®. i . "
erﬁﬂwﬁﬂﬂﬁhﬂﬂ used as parameters of other macros, For example, given the definition

of M and N, we can define the mo:q...,__-:m macro to give the maximum of these two:
C O deline MAX(MN) () > () ? (M) : O9)
Macro calls can be nested in much the same fashion as .?unﬂﬁs calls. Mumu.__..._m..

HMM”M Y HALF{HALF(x}

ek,

" The Preprocesior 44
Similarly, given the definition of MAX(a,b) we can use the following nested call to give the
maximum of the three values x,v, and z:

MAX (x, MAX(y,z))

Undefining a Macro

A defined macro can be undefined, ...a._m:m the statement

#undef identifier : . .
This is useful when we want to restrict the definition only to a particular part of the pro-
gram, : ; o

[4%3] FiLEINCLUSION

An external file containing functions or maero definitions can be included as a part of a
program so that we need not rewrite those functions or macro definitions. This is achieved by
the preprocessor directive . : g

#include “filename” b = &
where filename is the name of the file containing the reéquired definitions or funetions. At
this point, the preprocessor inserts the entire contents of filename into the source code of the
program. When the filename is included within the double quotation marks, the search for

Emmummmawmmmuﬁmuﬁmnﬁ.ﬁ,i directory and then in the standard directories,
Alternatively this directive ean take the form .

“#Hinclude <filenames>

without double quotation marks. In this case, the file is searched only in the standard direc-
tories. ;

Nesting of included files is allowed. That is, an included file can include other files. How-
ever, a file cannot include itself

If an included file is not found, an error is reported and compilation is terminated.
Let use assume that we have created the following three files;

SYNTAX.C contains syntax definitions.
STAT.C contains statistical functions,
TEST.C contains test functions,

_EmnmuEu_nnﬂmmo_.wﬁ_mm__iomE.wa:&u:@i&:mﬂ:n any of these files by including
them in the program as:

#include  <stdip h>

#include “SYNTAXC"

dinclude “STAT.C"

#include “TEST.C"-

#define i 100

main () %
i
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This is similar to the above situation and therefore the control directives take the following
form: :

#itdet ABC

group-A lines
#Helse
e i e oL : o B7OUPB lines .. ST e oy
o ot .*..W-H_H-*_ Far oy . a e - E e “a "nn

L

-

Group-A lines are included if the customer ABC,is defined. Otherwise, group-B lines are «w

Debugging and testing, are,done to detegt errors in the program. While the Compiler can &
detect syntactic and semantic errors, it cannot detect a faulty algorithm where the program %
executes, but produces wrong results. B : A5

The process of error detection and isolation begins with the testing of the program with a 38
known set of test data. The program is divided down and printf statements are placed in &
different parts to see intermediate results. Such statements are called debugeing statements 3
and are not required once the errors are isolated and corrected. We can either delete all of
them or, alternately, make them inactive using control directives as: .

Situation 4 -

#ifdef TEST

T

T i ?nﬁ_dﬁ:unm.—wQ |_|.|||

B P
& ) “.:q constant expression B

Statement.];
statement-g2;

The constant-expression may be any logical expression such as:.
TEST <=3 - g
(LEVEL == { | | LEVEL »=
MACHINE e hr 3

Pression is nonzero (true then :
ded for Processing; g bl

. tatements between
efined as macros. .

otherwise they are skipped. The names

[145] ANSI ADDITIONS

ANSI committee has

i - added some : .
Table 14,1, Ty Gy nre nore preprocessor directives to the existing list given in

l
printf("Array elements\n");
for (i = 0; i< m; i++)
printf("x[%d] = %d\n", i, x[i]):
} : i
fendif

- wa

fifdef TEST
printf(_.);
Fendif

The statements between the directives'#ifdef and #endif are included only if the ma
TEST is defined. Once everything is. OK, delete or undefine the TEST. This makes
#ifdef TEST conditions false and therefore all the debugging statements are left out.

The C preprocessor also supports a more general form of test condition - #if directive.
takes the following form:

”... For example: m

Hm_-ﬂ ._u_dcm.nam alternative test facility
&Mﬂu ...ﬂun Mﬂuemmm certain instructions
Ps compilation when an
The ANSI standard also includes two pew Preprocessor operations: B
* ] v . :
8 Stringizing operator

Token-pasting operator

1 # elif Directive

The #elif enables us to

establi ; s
The general form of use ish an “f. else. if.

of #elif js:
#if expression 1
statement sequence 1
#elif expression 2
statement sequence 2

sequence for testing multiple conditions.

#elif expression N . 2 i

; statement
Fendif sequence I

#if MACHINE == HCL
#define FILE “he] h»
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ool ¢ Progeammiig ANELC
@mimf Questions

14.1 Explain the role of the Lreprocessor. .

14.2 What is 2 maero and how js it different from a C variable name?"

14.3 What precautions one should take when using macros with argument?

144 What are the advantages of using macro definitions in a program?

14.5 When does a programmer use #include directive? - : :

146 i vaive of a macro name cannot be changed during the running of a program. Com
menl?

14.7 What is conditional compilation? How does ithelp a programmer?

14.8 Distinguish hetween #ifdaf and #if directives, | - E

14.9 Comment on the ..o__uis_,m code fragment:

#if 0 "_ﬂ
* i .. "
I'ine=1:
line-2:
" .._u.m.”_...mln.m.
) : .
fendif

14.10 Identify errors, if any, in the following macro definitions:
fa) #define until{x) whilef!y)
(b) #define ABS(x) (x > 0) ? (x}: (=x)
(c) #ifdefiIFLAG)
#undef FLAG
#endif
{d) #ifn==1 updatefitem)
#else print-out(item)
#endif
14.11 State whether the following statements are true or false.
{a} The keyword #define must be written starting from the first column.
(b) Like other statements, a processor directive must end with a semicolon.
{e) All preprocessor directives begin with #,
(d) We cannot use a macro in the definition of another macry,
14.12 Fill in the blanks iy the following statements,
(a) The directive discords a maero.
(b) The operator is used to concatenate two arguments,
{¢} The operator converts its operand, )
{d) The directive causes an implementation-oriented action.
14.13 Enumerate the differences between functions and parameterized macros,
14.14 In #include directives, some file names are enclosed in angle brackets while others
are enclosed in double quotation marks. Why?

14.15 Why do we recommend the use of parentheses for formal arguments used in a macro
definition? Give an example,
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460  Proggainning in ANSI G ' —

the algorit!: - sictorially, while the pseudocode deseribe the solution steps in a logieal order.
Eitoer meti. involves concepts of logic and creativity. : .

Since algorithi is the key factor for developing an efficient program, we should devite
enough atiention to this step. A problem might have many different approaches to its solu-
tion. For example, there are many sorting techniques available to sort a list, Similarly, there
are many methods of finding the area under a curve. We must consider all possible ap-
proaches and select the one, which is simple to follow, takes less execution time, and. pro-
duces results with the required accuracy.

Control Structures:

A complex solution procédure may involve alarge namber of control stateients ta direct the
flaw of execution. In such situatigns, indiscriminate.use of control statements such as goto
may lead to unréadable-and :a&ﬁ”&rﬁm&mm programs. It bas been demonstrated that any
algorithm can be structured, using the three basie control structure, namely, seguence struc
ture, selection structure, and looping structure, . L

Sequence structure denotes the execution of statements sequentially one after another,
Selection structure involves a decision, based on a condition and may have two or more

branches, which usually jein again at a later point, if . . . .else and switch statements in C -
can be used to implement a selection structure. Looping structure is used when a set of

instructions is evaluated repeatedly. This structure can be implemented using do, while, or
for statements. e 5

A well-designed program would provide the following benefits:

1. Coding is easy and error-free. :

2. Testing is simple.

3. Maintenance is easy.

4. Geod documentation is passible.

5. Cost estimates can be made more accurately,

6. Progress of coding may be controlled more precisely.

[153] PROGRAM CODING

The algorithm .“_m.«m_u.,m_mm in the previons section must be translated into a set of instructions

that a computer can understand. The major emphasis in coding should be simplicity and
clarity. A program written by one may have to be read by others later. Therefore, it should be
readable and simple to understand. Complex logic and tricky coding should be avoided. The,
elements of coding style include:

». Internal decumentation.

+ Construetion of statements.

* Generality of the program,

« Inputfoutput formats. : =

Internal Documentation

Documentation refers to the details that describe a program. Some details may be built-in as
an integral part of the program. These are known as infernal documentation. o

——

 Developing °C Program: Sare Guidelines-
Two important aspects of internal documentation are,

names and the use of comments. Selection of meaningful n
the program. For example, _

461

ma_mnw,su.. of meaningful variable
ames is crucial for understanding

area = breadth * _E_u:..
is more meaningful than

' . d=h ¥ 1: . ;
Names that are likely to he confused must be avoi i .
it a 2l - be avoided. The use of mea i

names also aids in understanding and maintenance of programs, e

Deseripti ithi
_N.Enmmmw:m HMHMEHE_E should be embedded within the bedy of source code to describe

The following puidelines might help the use of comments j _._&,.nmazmq"
1. Describe E_w...wm of statements, rather than commenting o every line.
2. Use blank _:.Hm.w or indentation, so that comments are easily readahle.
3. Use appropriate comments; an incorrect comment is worse than no comment at al],

Statement Construction

E”__Ezwr the flow of logic is decided during design, the construction of individual statements
WE _.””.m mhm the ﬂm&Em m_,w_mm. Each statement should be simple and direct. While multiple
ents per hine are allowed, try to use only o tate i i i
tation. Consider the following code: R eisment por line with necossery indun-
: iflquantity=0){code = 0; quantity = rate;}
else [ code = 17 sales = 0:)

Although it is perfectly valid, it could be reorganized as follows:
1f{quantity=0)
{
code = [);
quantity = prate;
}
elge
{
code = 1;
sales-= 0
‘* .
The general guidelines for construction of statements are:
1. Use one statement per line.
L :E. proper Eo.m:,_.,mzom when selection and looping structures are implemented.
- Avoid heavy nesting of loops, preferably not miore than three levels,

Use .E.Eﬁ_m conditional tests; if necessary break complicated conditions into simple
conditions,

Use parentheses to clarify logical and arithmetic expressions.
Use spaces, wherever possible, to improve readability.
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464 " Programming in ANSI'C. -
is evaluated only once when the loop is exited. The correct way to code this segment is to
place braces as follows: _
. Cfor(i=l; i<=10; i++)

{

suml
Sum?

suml + i:
sumZ +1%f;

(1)

} ;
printf{"sd %d\n", suml sum2);

In ease, only one brace is supplied, the behaviour of the compiler becomes unpredictable.

il

Wl
p

Missing Quotes
Every .ﬂiﬂ..w must be mun_o.m.m_ﬂ, in double pﬂi&mp”imﬁm a single character constant.in single
quotes. If we miss them out,.the string (or. the character} will be interpreted as a variable
name, Examples: ;

s

if(response #=YES). /* YES-is a string */

e e i . Grade = A; .. f* & is a character constant */
Here YES and A are treated as variables and therefore, a message “undefined
oceur.

names” may

Misusing Quotes

It is Eﬁ_w .n_.ﬁ.ﬂ we.use single a:mam.w whenever we handle single characters. Care should be,
exercised to see that the azsociated variables are declared properly. For example, the state-
ment

city = 'M';

| therefore the

m.o:._m.ﬂ:_..%__.__; o

——— Delofipd g
We should remember that, .

B

- Eqvmm no
comment out the following segment: ﬂ.mzmﬁ_wﬁ nested comments, Assume that we want to
X = a-h; .
Y= oy

/* compute ratio *f
ratio = M__.___n.‘_.n

.Ea.d .....
ay be tempted to add tomment characters ag fp))

Hx= a=h;
¥ =c—d;

* Compute ratio #/
ratio = .ﬂ._@_." ®y

OWs:

This is incorrect, The first opening

: : o ;
lines between these twe mment matches with the

are ignored. The statement
ratio = xfy;

first closing comment and

iy = m..l_...._h

¥Yeo=d: %

* compute ratio ¥/
i ratio = u_...___w_-. LT

Undeclared {mu.n.w_u._nm.

would be invalid if eity has been declared as a char variable with dimension {i.e., pointer to*
char),

Improper Comment Charact ers

Every comment should start with a /* and end with a ®/, Anything between. them is ignored
by the compiler. If we miss out the closing */, then the compiler searches for a closing
further-down in the program, treating all the lines as comments. In case, it fails to find
closing */, we may get an ervor message. Consider the following lines:

/* comment line 1
statementl;

- statement?;

/* comment line 2 */
uﬂnﬂm&m_.; 3;

bt j 4
Since the closing */ is missing in the comment line 1, all the statements that follow, :ﬁ....\w_..w..
the closing comment */ in comment line 2 are ignored.

DY

ment of a large pr

to forget to declare

...mo..mnu ting the Precedenc

Expressions
beginners to

C requireg every variable to be declared fio

ogram, it is fquite possible
it.

I its type, before it

is used,
to use a variabie 1o St

ring th
hold interm s

ediate results ang

e of Operators

are evaluated accordin
: ¢ to the prec :
forget this. Consider the state —uﬂ.ﬁ edence of Gperators. It js gﬂuﬂuﬁ:.ma.u:m.

if (value = Product { ) >= 100)
tax = (.05 * value;
i?.n.r is compared to 100, If it is
alis mqu.w-_mn_ to value, other.
€ can take on are 1 or 0. This

el expected to assign the valye
= amm:n“m:ﬁmwm value with 100, Ir value was equal to _m..ﬁ:_.nmm gl e
sl gl ol T greater than 100, tax should

tax = Q.G_m * r_..m:_qmd.
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would not find the correct sum of the elements of array x. The for loop expressions shou,

corrected as follows:- = ;
. for{i=0;i<10;i++)

Forgetting a Space for Null character in a String

All character arrays are terminated with a null character mnmn_ therefore their size should be
declared to hold one character more than ﬁ_.m mnEm_ string size.

Using Uninitialized Wcu...-"..n.mn.m. NG B
An uninitialized pointer Wamb.nw.‘ﬂ..... garbage. The following program is wrong;
| 4 - main() o
' i
: ., Tink: a, *ptr;
© A= PR
: . . .r_."n._._ “=ea¥h; -
The pointer pir has not rnnmuimmmﬂw.mn,.. g .
Missing Indirection and Address Opérators

Anather common error is to forget to use the operators * and & in cortain places, Consider
the following program:

T ———————

et Umi_otzn..u,n.___.owai”. Seiie Guidelines

Missing Parentheses in Paointer Expressions
The follewing two statements are not the same;

E——

X = 'pl o+ 1;
X = *{pl + 1);

ﬁpm_._nmp m_b_mHai.,..dsE assign the valye gt Tocation Pl plus 1 to %, while the second
would assign the value at location p1 + 1. . ; d
Omitting Parentheses around b&ws.ﬁ-ﬂ#”m.mﬂ Macro
Definitions u P oSiaw e s E
This would cause incorrect evaluation of expression when the macero definition is subst;.
tuted, . : _ _
Example: # define fix)x * 5 4+ 1
The pall ¥ = fla+b);
will be evaluated ag ¥ = a+b * aib+l; which is wrong,
Somé other mistakes that we commenly make are:
" * Wrong indexing of lpops -

* Wrong termination of loops.

* Unending loops,

* Use of incorrect relational test.

* Failure to consider aj] possible conditions of variable.

* Trying to divide by zerg,

* Mismatching of data specifications and variables in seanf and printf statements.

il * Forgetting truncation and rounding off errors,
main
int m, *pl; : _.am.u* PROGRAM TESTING AND DEBUGGING
= 5; . : o
”._ g _ Testing and debugging refer to the tasks of detecting and Femoving errors in g program, so
i =.1Tw%.=_. . *pl); that the program produces the desired results on all occasions. Every programmer should be

}

Aware of the fact that rarely does 5 Program run pertectly the frst time, Ne matter how
This will print some unknown value because the pointer assignment

pl =m; make efforts to detect isolate and correct any errors that are likely to he present in the
. Program,
is wrong. It should he: ]
| Al = il Types of Errors _
Consider the following expression: : & ; We have discussed a number of comman errors. There might he many other .mﬁE.P some,
: ¥ = pl+ 10;

obvious and others not s0 obvious. All these errops can be classif
pSyntax errors, run-time érrors, logical errovs, and latent errors,

Syntax errors: An

y = "pl + 10;

1 ¥ violation of r
. “an detect and isolate such errors. When synfax
18 terminated after listing the errors and the line numbers in the source program, where the
rrors have goeurred. Bemember, in some cases, the line number may not exactly indicate

ules of the language results iy syntax errors, The compiler
ErTors are present, the compilation fails and
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L. Select the fastest algorithm possible.

2. Simplify arithmetic and logical expressions.

3. Lse fast arithmetic operations, whenever possible, ‘

4. % ofully evaluate Joops to aveid any unnecessary ealeulations within the loops.

vk neadible, avoid the use of multi-dimensional arrays. :

t:¢e pomters for handling arrays and strings. E

However, remember the wau_aﬂm:m. while attempting to improve efficiency. ;
¥ nualyse the algorithm and various parts of the program before attempting any effi- &

vier.cy chapges, - . 0 L " ; B

L=

2. Make it work before making it faster. . , . . i &
3. Keep it right while trying tomake jt faster. . . . ... .
4 Do not sacrifice clarity H.W_. efficiengy. .. e ;

Memory Requirement’ P e
Memory restrictions in the Em_.wa..mwgﬁ_._@. environment is & real concern to the program- de
mer, It is therefore, desirable to take all necessary steps to compress memory requirements

" 1. Keep the program simple, This is the key to memory efficiency.
Use an algorithm that is simple and requires less steps.
. Declare arrays and strings with correct sizes.
. When possible, limit the use of multi-dimensional Arrays. ) e
. ‘T'ry ta evaluate and incorporate memory compression features available with the lanis

- guage. ;

b

o g L

(®)eview Questions

15.1 Discuss the various aspects of program design. _

. 15.2 How does program design relate to program efficiency?
152 Readability is more important thah efficiency, Comment.
15.4 Distinguish between the following: .

a. Syntactic errors and Semantic errors,
b. Run-time errors and logical errors,
c. Run-time errors and latent errors,
d. Debugging and testing.
e. Compiler testing and run-time testing,
15.5 A program has been compiled and linked suceessfully. When you run this program yo
face one or more of the following situations. : 4
a. Program is executed but no output. : _
b. Il produces incorrect answers.
¢. It does not stop runming, .
15.6 List five common programming mistakes. Write a small pregram containing-
errors and try to locate them with the help of computer, :
15.7 In a program, two values are compared for convergence, using the statement

ifl (ey) < 0.00001) ..
Dlaes the statement contain any error? If yes, explain the error,

15.10 A program reads three values from the terminal,

———~ Developinga C Program: Some Guidefines
15.8 A program containg the following if statements:

if(x
if(x

®

*ledy == Q)p = pix;
=5l p>2)p = P2

Draw a flow chart to illustrate various logic % 3
; ogic paths for'th ;
rma test daty cases that could be used to test e axmm:a_mﬂ anmﬁmﬂ of ﬂ_.%_ program and
1.9 Given below is a function to compute the yth power of an :ﬂgmmwp.ﬂ SrC,

power(int x, int ¥}
{
int p;
b=y
while(y = 0)
. et B
return(x);

._—._mim m...uﬂﬁ,wm__..u._ gbn.mu. :.meH—umw—uE i |
5. Eﬁ_.ﬂ.m a test ?.n-ﬂ_mm T ] t i
__ .- : 2 i ure to | cate the ETTOTS v —ﬂm.— the

. : ; representin,
sides of a box namely length, width and height and prints a Emmmw:mw Mﬂwﬂw Mw M_..zh..mm
w.

. . i
n._”: —XUH 15 8 n_.._._.wm" _m_ﬂnmzm ._nuu Or 2Cmi-z eC E“—.._mmm. *—lm_uﬁh.w B i i
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478 _l . : .?.oﬂwairw in ZLm_ (e =
. printf("Number is even\n\n"};
cprintf("Input a number \n"},
i ; .m_nmi__..wn___. Anumber) ;
w. - % .. » . » '
Output :
Input a number. .

20
Humber is even

Input 2 humber .
B s e T ™
Number m.mu odd v viiwo
input @ number
A

Bitwise OR = el B omernd i Taey it

The bitwise G.W is represented E... the symbol | (vertical bar) muﬁ_._,m.m.uu_d;bn_mn by two inte-
ger operands. The result of OR operation is 1 if af feast one of the bits has a value of 1;
vtherwise it is zero. Consider the variables x and y discussed above.

K=o ux 0000 0000 0000 1101
= S s 0000 0CO0 0001 1001

kly - - = 0000 0000 Q001 1101

The bitwise inclusion OR operation is often used to set a particular bit to 1 in a flag. Exam-
ple:

#define SET 8
main()

| —
int. flag;

\.q._w___ = flag | SET;
if (( flag & SET) != 0}
{

printf(*flag is set \n"};
) .

rraw

The statement
flag = flag | SET;
causes the fourth bit of flag to set 1ifit is 0 and does not change it if it is already 1.

Bitwise Exclusive OR

The bitwise exelusive OR is represented by thie symbol #, The result of exclusive ORis 1if
only one of the bits is 1; otherwise it is 0. Consider again the same variable % and y discussed
ahbove, .

X = - > 0000 000D 0OGD 1101 - . R, ;
y = - > G000 0000 0001 1001
'xty .- - => 0000 0DOC.000T 0100,

[3] BITWISE SHIFT OPERATORS

The shift operators are used to move bit patterns either to the left or to the right. The shift
operators are represented by the symbols << and >> and are used in the following form:
Left shift: op =< n
Right shift:. op »» n - g
op is the integer expression that is to be shifted and n is the number of bit positions to be
NEE.. “n b L} i LR B

The left-shift operation causes all the bits in the operand op to be shifted to the left by n
positions. The leftmost » bits in the original bit pattern will be lost and the rightmost n bit
pesitions that are vacated will be filled with 0s.

Similarly, the right-shift operatiosi causes all the bits in the operand op to be shifted to the
right by n positions. The rightmtst n bits will be lost. The leftmost n. bit positions that are
vacated will be filled with zero, if the op is an unsigned integer. If the variable to be shifted
is signed, then the operation is machine dependent.

Both the vperands op and n can be constants or variables: There are two restrictions on
the value of n. It may not be negative and it may not exceed the number of bits used to
represent the left operand op. . ! 2

Let us suppose x is an unsigned integer whose bit pattern is -

0100 1001 1100 1011 . ’
then, vacated
positions
X << 3 = 0100 1110 0101 1000
x >> 3 = 0000 1001 00111001
vacated
positions
Shift operators are often vsed for multiplication and division by powers of two.
Censider the following statement:
xemy=<]l; :
"

This statement shifts one bit to the left in y and then the result is assigned to x. The

decimal value of x will be the value of y muitiplied by 2. Similarly, the statement
X =y o> 1:
shifts y one bit to the right and assigns the result to x. In this case, the value of x will be the
value of y divided bv 2.
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484 _I.:.  Prograinriing In ANSLC
Function ... -Dataiype .. Task: 00 o
T R s WA T T AL 2 T
" sinh{d) deuble Return the hyperbelic sine of d.
sqri(d) ‘double ‘Return the square raot of d.
" wan(d) double Return the tangentof d.
wanl(d) ‘dotrble Returmn the hyperbolic tangent of d.
<stdio.h> " - : .
felosetfy . imt Close file f. Rerarn if file is successfully closed. :
feafif) i L Dgtermine ifan endsof-file condition has been reuched. If so, return a
nonzero valug; othenyise, returm 0,
fgetel 0 . et -+ . Enter a single-character form file £, |
fgets(s,i,f) . - chart . : o .:‘. Enter siring s, containing i characters, from file £
Fopen(s 52} ...« file* . - . ; Openafilepamed sl of type s2. Return a pointer w the file. .
fprintif....) int ¥ Send data jtems to file £ . -
Sputefe ). -t o L Send asingle charscter tafile £
fputs(s,0) it Send sring s to flef, - -
frend(sil 2.0} - it - -Enter i2 data items, each of gige i1 bytes, from file o strings.. -
ficanf{f,..} int Enter data items from file £ -
foeskif1i) . _imt - .. Move the pointer for file £2 distance | bytes from locationd. . s
-fellif) Tong int - Return the current pointer position within file [ :
fwrite(s,ili2.g) et . . .SendiZdataitems, each of size il bytes frem stringsto file f,
gete(f it G Enter o gingle character, from file £,
getchar{void) int. . - Emmer asingle character from the standard input device.
getsis) char® Enter string s from the standard input device.
printfi...). int . Send data items to the standard output device.
putele,f) int Send a single character o file £,
putchar{c) nt .. Send asingle character t the standierd output device,
puts(s) int Send string 5 10 the standard output device,
rewind{ [} wiridd ?uo._._o.n._.ou_am.:ﬁs the beginning of file £,
seandi...) . int Enter data itemyy from the standard input device. |
<stdlib.h= AR s . .
abs{i) nt Retumn the absolute valoe of 1.
atof{s) double Convert string s 1o double-precision quantity.
atoifs) int Convert string s 10 an intcger.
atol{s) long Convert string s 1o a long integer. .
calloc{ul u2) void® Alloeate memory for an array having ul elements, each of length u2
A bytes, Retiurm a pointer to the beginning of the allocated space.
exitu} vaid Close all files and buffers, znd terminate the prograns. (Value of u is
assigned by the function, to indicate termination status). :
free(p) ioid Free o block of allocated memory whose bezinning is indicated by p.
mallec(u) visied® Allgeate u bytes of memory. Return a pointer to the beginning of the
allocated space.
rand{void) imt  Return a random positive integer. )
reallocip.u}  ° void* " Allocate u bytes of new memory 1o the pointer variable p. Retumn a
pointér 1o the beginning of the new memery space. TS
srand{u) vaid Imitialize the raidom number generator,
svlemis) int  Pass command string s to the operaiing system. Retwm O if tHe com-

“mand is successfully executed, ntherwise, return a nonzero value Lypi-
cally 1.

R T

N

SRR B 7 e R RN s b e e

S " iz L
SRR TR,

...: R
<strimg.hz

stremp{s1;82) .

Eaa_u__mw_.n..s .

sircpy(sl, s2)
strlengs) .
strsel(s, c)
<time.h>
difftime(11,12)

Compure two strings lexicographic:
: graphically,
£1=82,0ifs] and 52 are identical; and 3 pasitive value if5l>e2

Compare two strings lexicographically, wi Return
T y without regard to cage.
anegative value ifs1<52; 0ifsl and 52 are identical; and 2 value of

Retum a megatjve valie if

5] =52,

Copy string 5210 stting 51, A WU
Reternthe mumber of characters instrings, ~ ©0 -
Setall characters within 5 to ciexcluding the tenminating null charae.

ter ).

Retumn the time difference 11~ 12, where |

: ifference 11~ i1ap
time beyond a designated base time (see th

_ Betarn number of seconds elapsed be;




