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Eég Module Recap

o Revised the concept of variables and literals in C

o Revised the various data types, operators, expressions, and statements of C

o Revised the control constructs of C
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Welcome to Programming in Modern C++, we have discussed a quick recap module, module

1 earlier taking around through the different aspects of C language, which should be good for
you to, really check on your knowledge level. So, that you will be able to take best when the
course actually starts, because we will make use of C very heavily in discussing C++ and
modern C++ subsequently. So, in the first QR1 module, we talked about concepts of
variables literals, data types, operators, expression statements and so on, particularly the

control constructs as well.
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u;’ Module Objectives

o Revisit the concepts of C language
o Revisit C Standard Library components

o Revise arrays, structures, unions, and pointers of C

o Revise the concepts of functions and pointers to functions of C

¢ Revise input/output in C

Ha
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So, I will take you a quick round of the remaining part of the language. And a little bit of the

standard library as well.
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E;;} Module Outline
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So, this is this is the outline.
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Eééj Containers and Pointers

o C supports two types of containers:

o Array: Container for one or more elements of the same type. This is an indexed
container
o Structure: Container for one or more members of the one or more different / samdid
type/s. This container allows access by member name

> Union: It is a special type of structure where only one out of all the members
can be populated at a time. This is useful to deal with variant types
o C supports two types of addressing:

o Indexed: This is used in an array
o Referential: This is available as Pointers where the address of a variable can be

stored and manipulated as a value

o Using array, structure, and pointer various derived containers can be built in C
including lists, trees, graphs, stack, and queue

o C Standard Library has no additional support for containers
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So, after the variables which can store a single value, we all realize that we need certain

collections, which often referred to as data structure that we need containers, which can keep
a collection of different values together. Now, if those values are of the same type, we
typically put it in a container array. If there are of one or more different types or same types

also, we can put them into a container called structure.

Array is basically known for its indexed property. That is in array, | can have any number of

elements and every element is accessed by the index of that element or the position of that



element in the array. In a structure, the elements are accessed by their name. So, this is
another difference that we must always keep in mind, then, we call structure a struct in, in C

as well as C++.

Then there is a special type of structure called union, where only one out of all the members
can be populated at a given point of time. If there are three members, one is of type int, one is
of type double, one is of type care at any point of time either it can have only the int value or
only the double value or only the care value, | cannot have more than one. So, this was

provided in C to deal with variant type.

I mean, if I, if I want to define something which I do not know, what type it will be, it could
be integer, it could be float, it could be character or anything else, then how do | specify that
in the language, so, that is why this is called a union of this. These are, these are C is meant
for low level programming also as you know. In a lot of systems programming, like huge part

of Linux is written in C.

So, in that you need to do a lot of these for example, you are listening to a port and a data
comes, you do not know what kind of data packet will come there could be you know three,
four, five different types of data packets. So, should you be listening to an integer, should you
be listening to a double, you do not know. So, once the packet comes, then you have to put it

to a proper container.

So, you cannot have five different types of containers. So, by union you are kind of giving
you a mechanism, where you can put it if it is any one of the types which you have unioned.
So, besides the containers you need to do addressing, you need to, get the address of different
variables, different locations to be able to use them. So, C supports two types of addressing.

One is indexed, which is used in the array.

And other is referential, which is known as pointer. That is address of a variable can be stored
and manipulated as a value. So, this is something which is, which is a very strong area of C
which is a very risky area of C. I mean C is in the news always because of its referential
feature, but you must be very thorough in terms of using, defining, manipulating the pointers
because they really are the strength as well as the often are the main source of pain, for a

programmer.

So, using the array structure and pointers various derived containers can be built. For

example, 1 can build a stack, I can build a list, singly linked lists, doubly linked list, I can



build trees, binary trees, queue, graph, all sorts of things. And C standard library has no
additional support for containers. This, that is it does not give you any additional container

like there is no C standard library header which has a stack available.

There are, there are solid reasons of why C cannot, but it is not there. And this is | mean, |
highlight this point as a reminder to you because with that, you will, you will see that in C++,
we will have lots of support for containers in the standard library as well. But while you are

recapitulating C just this is all that you have for containers and pointers.

(Refer Slide Time: 06:40)

o An array is a collection of data items of the same type, accessed using a common nam|
o Declare Arrays

#define SIZE 10

int name[SIZE]; // SIZE must be an integer

double balance[10]; // Direct use of constant size

Initialize Arrays

int prime§(] / = {2, 3, 5, 7, 11}; \/

int sizeOfPeiges = sizeof (primes)/sizeof (int); // Size is computed as

int prime§[5]/= {2, 3, 5, 7, 11};V/ /

int primests] = {2, 3};

Access Array elements
int primes[5] = {2, 3};
int EvenPrime = primes(0]; // Read st element —P

o

o

primes(2] = 5; // Write 3rd element
Multidimensional Arrays

o

int mat(3] (4);

for(i = 0; i < 3; ++i)
for(j = 0; j < 4; ++j)

) mat[i] [j] = i + j;

B
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So, quick on array, this is how you declare it always needs a size, | mean number of elements

to be specified. In most cases when we define arrays or actually when we define arrays, we
must always provide that, we can initialize arrays in in different ways. And without defining
the number of elements or with defining the number of elements, | have in the comment, |

have given reminders on what do they mean.

Then once it has been accessed, then for the range of indices that exists between 0 and the
number of elements minus 1, | can use that index and access that element to read or write.
Arrays could be multi-dimensional, which means that it is, it could be arrays, of arrays. So, it
is considered row major. So, C uses row major. So, if I have this, then this will be considered

as an array.

The next this is considered as an array and then as if you have another array of these arrays.
The advantage of doing this is the fact that it can, this idea can be extended to any number of
dimensions and you do not need a separate support for that. And multi-dimensional array is a

very strong feature to help doing a lot of different things.
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E;;} Structures

o Astructure is a collection of data items of different types. Data items are called members. Thi
size of a structure is the sum of the size of its members or more (to take care of alignment).

o Declare Structures

struct Complex {
double re;

double im;

¢ a variable of gfruct Comple

printf("size = Yd\n'/ sizeof(struct Complex)); //
typedef struct Bd¢ks { // Tag _Books
~—TMar—TTT1e(50); ember

char author (50];

int  book_id; A e
} Books; // Book n a for struct _Books tyy
Inftialize Structures

struct Complex x = {2.0, 3.5};
struct Complex y = {4.2};
o Access Structure members
struct Complex x = {2.0, 3.5};
double norm = sqrt(x.resx.re + x.imex.im); // Access using . (dot) operator
Books book;
book. book_id = 6495407;
strepy(book.title, "C Programming");

Ha
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Structures, the other container this is a typical declaration you will have components. And

each component will be given a name, you start with the struct keyword give the tag name
which is called, basically it is called a tag name. And therefore, whenever you have to use,
you have to refer to this as struct complex. Otherwise, we can use the aliasing feature the type

def which is which can give a different name to a type.

So, here you have struct the aliasing name is underscore, your tag name is underscore books.
Whereas | type def alias it the struct underscore books i | a s just books. So, then I would not
need to say struct underscore books everywhere | can just say books. Syntactic convenience,
does not, at least the level of C it does not give you any other specific benefits. | can initialize
structures as | initialize arrays. And | can access the structure components by their name
using the dot notation. You must be all familiar with that, just close your eyes and remind

yourself that this is what you have.
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{é&;} Unions

{i

Progran

holds only one member as a time

o Declare Union
typedef union _Packet {
int  iData;
double dData;
char  cData;
} Packet;
printf("/d\n", sizeof(Packet));
o Initialize Union

Packet p = {10};

o A union is a special structure that allocates memory only for the largest data member and

which can be an int, double

s5: 8 = max(sizeof(int), sizeof(double),

iData = 10

printr(ibavT = /d\n P 1Data)

o Access Union members W
p.iData = 2; po‘-
printf("iData = %d\n", p.iData); iData = 2
p.dData = 2.2;
printf("dData = %1f\n", p.dData); dData = 2.200000
p.cData = ’a’;
printf("cData = %c\n", p.cData); t cData =a
p.iData = 122; z 2
printf("iData = %d\n", p.iData); 1Data =122, T r
printf("dData = %1f\n", p.dData); // Prints: dData = 2.199999 as 2. 2

printf("cData = Yc\n", p.cData); // Prints
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Unions

holds only one member as a time

o Declare Union

typedef union _Packet {
int  iData;

char  cData;
} Packet;
printf("/d\n", sizeof(Packet));
o Initialize Union
Packet p = {10}; // In
printf("iData = /d\n", p. 1Data)

o Access Union members

p.iData = 2;
printf("iData = /d\n p.iData);

p.dData = 2. 2 ’\/

printf (" dData \/l!\n , p.dData

p.chata = \/

printf (" cData \/c\n p.chata);

p.iData = 122; /
printf("iData = %d\n", p.iData); iV
printf("dData = %1f\n", p.dData);¥' // Prmt
pnnt!( cData Yic\n", p.cData); // Prints
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o A union is a special structure that allocates memory only for the largest data member and

an int, double

integer da
double dData; floating point data
paseasivazt

s: 8 = max(sizeof(int), sizeof(double),

iData = 10

s: iData = 2

dData A 2.200000

ibata . 122 h r
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o

Union is extremely similar. In terms of declaration, all that is different is in case of struct you

are saying, union. But the main difference comes in the fact that if | have three fields, as |

said, only one of them could be there. So, when you initialize union, even though it has three

fields, he will initialize it with only one value, because only one value can be there. And here

| am showing initialization, which is with the integer literal 10.

Now, the question is, since union keeps only one value, it has only one location. That location

could keep, could be called i data. It, the same location is called the d data and so on. So, it is

up to the programmer to remember what kind of data she has kept. If you keep one kind of

data and try to use it in a, for a different kind, then you may have unexpected results.

So, in the code below, | have tried to show that if you put an integer and use that field, you

have put 2 in iData and you are using iData, it is fine. Put 2 in dData using dData, it is fine,



but 2 in cData, using cData it is fine. But let us say you have put 2 in iData, 122 to iData
you’re using iData this is fine. But suppose you put 122 in dData, you are accessing

something else.

Interesting, you get some 2.199 something, because what happened? The double is the
biggest. So, it fills all the bits, when you put in i data, you are just changing a part of that, rest
of it is the earlier double value which existed. Only some part as if it got corrupted. So, it
changes, this 2.2 into something a little different. But | mean do not go by this. It can change

to anything; else, it depends on the system depends on the values.

But interestingly, if you, if you try to read the same thing with C data, corrected data, then it
will print z, why? Because z is the as common 122 is the ASCII code of z. So, it happens to
print. So, please be careful that always use the field that you have, you know that you have

populated.

(Refer Slide Time: 13:12

{%3;} Pointers

o A pointer is a variable whose value is a memory address. The type of a pointer is
determined by the type of its pointee
o Defining a pointer
int  xip; pointer to an integer
double *dp; // pointer to a double
float #*fp;
char  #*pc; I
void  *pv; pointer to unknown / no type - W
o Using a pointer

int main() { /

int i = 20; // variable declaration

int *ip; pointer d

m;\/ / re \:1 inter ip

printf("Address of variable: Yp\n", &i); // Prints: Address of variable : 00ASF73C
printf("Value of pointer: Jp\n", ip); // Prints: Value of pointer : OOASF73C
printf("Value of pointee: d\n", *ip); // Prints: Value of pointee : 20

} =

.
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Pointers, the most powerful and as | said the most risky, which is a variable which gives a

value which value is a memory address. And the type of a pointer is the decided by the type
of the pointee. So, and point int star is an integer pointer that is if you go there, you will find
an integer. Whereas the double star is a double pointer, because if you go there, you will find

a double value.

So, as you know, you can always take the address of a variable and put it there, here are
examples of what simple things you can do with reading the value, dereferencing the value at

any, if you have a pointer, you can put a star in front of it so that it actually goes there and



finds that value. So, ip is defined as an integer pointer. So, when | do *ip, | get an integer. So,

that is a basic property of the pointer as we all know.

(Refer Slide Time: 14:17

{é?} Pointer Array Duality and Pointer to Structures

o Pointer-Array Duality o Pointer to a structure

int a(] = {1, 2, 3, 4, §}; \'d’ *q*_ struct Complex {
ﬁ\g A

int *p; double re;
double im;
p=a; // base of array a as pointer }e= 0.0,00;

printf("a(0] = %d\n", 2p); af0] = 1
printf("a(t] = %d\n", s+4p); af1) =2 struct Complex *p = &c; // Pointer to structurjll
printf("a(2) = Yd\n", *(p+1)); // al2] = 3 (sp) &= 2.57 7/ Nember selection
e p->im = 3.6;
p = kal2]; inter to a tion —_—

*p = -10; printf("re = %1f\n", c.re);
printf(*a(2) = %d\n", a[2]); af2) = -10 printf(*im = 41f\n", c.in);
o malloc-free Dynamically allocated arrays
A te array p[3) and cast voids to inte

b Yoich: S0, Juts int #p = (int #)malloc(sizeof (int)*3);

int *p = (int *)malloc(sizeof (int));
printf ("iX\n", *p); 0x8F7E1A28

pl0] = 1; pl1) = 2; p(2] = 3; // Used as array

unsigned char #q = p; // Little endianj LSB 1st
printf ("/X\n", sq#+); // 0x2B

printf("iX\n", *q#+); // Ox1A

printf ("/X\n", *q#+); // OXTE

printf ("iX\n", *q++); // Ox8F

tree(p);

printff"ptli.- '/.d\x‘x",“(p'l))‘;‘ ‘plll‘- 2 '
free(p);

‘
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Now, the main power of pointer comes from the duality and ability to navigation, duality

with array, ability to navigation that if | have a pointer, | can treat it as an array. If | have an
array, | can treat the base address of that, that the name of the array as a pointer. And this
duality helps in terms of managing dynamically allocated arrays. Otherwise, we would have

been in deep difficulty if we do not know the size of an array.

At the time of writing the program, how do we write that array? | cannot put the number of
elements. So, how do I do it? So, | can dynamically allocate using malloc. And then malloc
gives me actually not an array, it gives me just a chunk of memory. Which, I am thinking is

an area of say integers. I think it is an array 0.5. So, I think as if p is the base of that array.

So, this interchangeability of, computing on the pointer address value and the actual array
notation, this interchangeability is a very strong power to see which C programmers amply
enjoy and use. Naturally, pointers can do any form of dynamic allocation by malloc and it has
to be freed you know, know that. You can also have pointers being, using | mean

dereferencing a particular location.

So, | can say | have a pointer to a structure, so, *p | have a pointer to a structure complex
structure. So, star p is a complex structure. Then | want to go to re. So, | say *p.re and a
shorthand for that, *p.re is p pointer re. So, often it is it is easier to read, easier to write and

S0, on. So, these are, these are the basic pointer you know recaps you must have.
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o A function performs a specific task or computation

0 Has 0, 1, or more parameters. Every parameters has a type (void for no parameters)
b If the parameter list is empty, the function can be called by any number of parameters
b If the parameter list is void, the function can be called only without any parameter

0 May or may not return a result. Return value has a type (void for no result)

> If the function has return type void, it cannot return any value (void funct(...) {
return; }) except void (void funct(...) { return <void>; })

0 Fur?c.ti?n fieclara?ifh - - (» A/
simetre: 3 Y. Typs of pursmters: \/"k (’\ro‘)l/ Q{N\‘\

int funct(int x, int 2

o Function definition «/"k 06 ”&

o g DY

return (x +y);

Programming in Modern C++ Partha Pratim Das QR211 |

o A function performs a specific task or computation

0 Has 0, 1, or more parameters. Every parameters has a type (void for no parameters)

b If the parameter list is empty, the function can be called by any number of parameters
> If the parameter list is void, the function can be called only without any parameter

0 May or may not return a result. Return value has a type (void for no result)
> If the function has return type void, it cannot return any value (void funct(...) {
return; }) except void (void funct(...) { return <void>; }) x

o Function declaration \\’
Y )

f the function: funct

eturn type: int
int funct(int x, int y);
” %
o Function definiti
int funct(int x, int y)
( ey

return (x +y);
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What certainly is most important is a function, which does a specific task or computation. So,
| said that, if the function usually is a, is an expression because it returns a value it does a
computation and returns a value. But it could be returned, its return type could be void in
which case it is just performing some tasks, it is not, it is just a statement by itself. So, a

function can have 0 parameters, no parameter, one parameter, more parameters.

Every parameter has a type. Now, you can also instead of O parameter, you can also write
void in place of that without any parameter name, that also means that the function does not
take any parameter. It is a little bit of an old style it is still supported, but normally people do
not use it. The subtle differences if the parameter list is empty, that is say if the parameter list

is you have said is say int f void say these are the two signatures.



If the parameter list is empty then in C actually you can call this function by any number of
parameters, that is you can call it as f1, it is. But if the parameter is void, then this is an error.
You will only be able to call it as without any parameters. So, this is the subtle difference of a
writing a void in terms of the parameter. Otherwise, you will not, obviously if you want to

say parameter you cannot say void because it just void is no type as you know.

So, and in terms of return you understand, that if the function returns void then it is not
returning any value at all. So, we talk about function declarations, which has a return type
function name, list of parameters with type and the parameter formal parameter name. In the
declaration if you, if I just terminate it with a semicolon, which we refer to by different

names, some call it declaration, some call it function header.

At times, we call it the function signature any of these, then what you are saying that how to
call this function, what are the parameter types to pass and what is the return type to expect,
what is the name of the function but we are not saying what competition it is doing, which is
a part of the function definition. Now, when you write the signature, it is important to note

that writing the formal parameter name, as a part of the signature is optional.

I can just write it like this. Since there is no body, | am not going to use x or y, that | write
here. So, all the information that | want to give is the first parameter is in second parameter is
in. And when | give a body to this function, implement this function, this and this must
match. For the given function name, the parameter types from left to right between the

signature and the function definition must match.

There will be a lot of stories discussed as a part of the course, when we go to C++. Because
in C++, this rule will not hold because you have overloading. In C, you do not have that
every function is global has a unique name all across the project, and has a unique set of
parameter types going from left to right, and the corresponding retracting. So, this is in gist,

rest of the function body is just you know, another program code.
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o Call-by-value mechanism for passing arguments. The value of an actual parameter is |8
copied to the formal parameter

o Return-by-value mechanism to return the value, if any.
int funct(int x, int

+HX; HY;
return (x ¥ y);

// Formal parameters changed

i)nt nain() { ipt af= 5, b = 10, z;
printf("a £ %d} b = Ud\n", a, b); a=5,b=10
z = funct(a, b); all by value. a copied to X. X becomes 5. b copied to y e 10
~~——=—x=// x in funct changes to 6 (++x). y in funct changes to 11 (+y
return value (x + y) copied to z
printf("funct = Jd\n", 2); // Prints: funct = 17

// Actual parameters do not change on return (call-by-value)
printf("a = %d, b = Jd\n", a, b); // Prints: a=5, b =10

B
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E;éa Functions: Call and Return by Value

o Call-by-value mechanism for passing arguments. The value of an actual parameter is |
copied to the formal parameter
o Return-by-value mechanism to return the value, if any.
int funct(int x, int y) {
X Y

return (x +y);

/] Formal parameters changed

int main() { int a = 5, b = 10, z;

printf("a = /d, b = %d\n", a, b); Prints: a=5, b= 10

z = funct(a, b); alue. a copied to X. x becomes 5. b copied to y. y becomes 10
x in funct changes to 6 (++x). y in funct changes to 11 (++y.
return value (x +y) copied to 2

printf("funct = /d\n", 2); Prints: funct = 17

// Actual parameters do not change on return (call-by-value)
printf("a = /d, b = %d\n", a, b); rints: a= 5, b= 10

-
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Now, in C functions are called by value, that is actual parameter. If this is the function, and

this is it is called, then these are formal parameters X, y, and a, b are actual parameters. So,
when | make this call value of a is copied to x, value of b is copied to y, which means x and y
have get locations which are different from a and b. And they just get a copy of the value.

Similarly, when you return from the function, it is also by value.

For example, you are returning here, you are returning X +y. So, whatis x + y? x plus y is a
value, it is not a variable. So, what will you return, we will just return the value of this. So,
you just put that value into some temporary and put it here to be placed onto z. So, that is just
that value is being copied. It is an expression, X + y is an expression it has a value. So, that

value will be copied. So, it is called return by value.



And C only supports this, in C++, we will add a lot of stories onto it. Now, one good thing
about call by value is that if you make changes within the function, then the actual parameters
will never get affected. So, you have that safety and that has consequent pain also, like it is

very difficult to write a swap function in C.

(Refer Slide Time: 23:20)

o Call-by-reference is not supported in C in general. However, arrays are passed by
reference

#include <stdio.h>

int arraySum(
t(2]), Raference paraneter - th base address of array o is passed
int'W ?

int sum = 0;
for(int i = 0; 1 < n; ++i) {

Trr—su;
int main(),
m)&-{l.z 3); /

printf("Sum = %d\n", arraySum(a, 3)); rints; Sum = 6 and changes the array a t 10
printt("Sun = %d\n", AXTaySuETa, 3)); rints: Sum = 0 as elements of a ged in arraySum()

—
s

.
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Now, there is a call by reference mechanism, which C++ heavily use, where you do not copy

the data, but rather you pass the address of the actual parameter. It is, it is not exactly a
pointer. It is a different concept and we will talk about it at length during C++, but this is
called a reference, where without copying the data, you just give make the actual parameter

and the formal parameter refer to the same memory location.

Naturally, this has different consequences, in C you do not have this mechanism except when
you are using an array. Array is huge, so, by doing copying for the array would have been
very expensive. So, what C has provided, C does and does not talk about it very clearly in
every text is arrays in C are actually passed by reference, which mean that if you pass an

array, as | am doing here.

Passing an array in array sum, so this is mine array a, as | pass that my formal parameter and
the actual parameter are referring to the same memory location. So, if I make changes, like |
am making changes here, after reading its value putting to the sum, for some reason | am
making it to 0. And that change will happen in the actual parameter. Therefore, you see that if
you call array sum for the first time, you get the correct result 6, 1 + 2 + 3. You are adding

them.



But if you call it the second time, you get a 0. Why? Because all elements have been made to
0. So, this is this is a simple test to show you if, if it were actually a call by value, then this
would not have happened, because anything that you do inside the function would have been
done in a different location and would not have affected your actual parameter. But here, that
is not the case for array. So, that is a special case and we will obviously have variety of a

wide range of discussions on call by reference in general.
(Refer Slide Time: 26:00

@ Functions: Recursion
P28

o A function may be recursive (call itself)

o Has recursive step/s
0 Has exit condition/s

o Examples:
rial of n
unsigned int factorial(unsigned int n) {
if (n > 0) return n * factorial(n - 1);
else return 1;

}

mber of n the binary representation of n
unsigned int nOnes(unsigned int n) {

if (n == ga return 0;

else ecursive stej
if (n % 2 == 0) return nOnes(n / 2); // n
else return nOnes(n / 2) + 134 n
}

o Two or more functions can be Co-recursive - mutually calling each other. Like £() calling g()
and g() calling £(). Either £() or g() or both may have exit conditions - at least one is a must

‘
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But the C feature | wanted to. Now, when you revise your functions, make sure that you

revise recursion. Because even though it is an algorithm concept, but having it clear is very,
very important that the recursion will always need the recursive step and the exit condition.
Like it, this is the exit condition and this is, these are the recursive steps. So, these are just,

fun example, I mean factorial is obviously overused example.

And this is the other one is a fun example, which takes an integer and counts the number of
digits, number of ones that exist in that number. It is done recursively. So, you keep on
calling the function. And also keep in mind rather I mean, you need recursive functions,
because they are one of the strongest functional competing mechanisms that you have in the

language or in the algorithm.

And please remember that two or more functions can be co recursive. That is, if | have f and
g two functions, f can call g and g can call f. Naturally, there has to be at least one exit
condition, either in f or in g, it could be in both also, but at least one of them must have exit

condition. Otherwise, this process of f and g will not ever end. It makes it a little bit more



complex, but many a times co recursive routines become very useful in

variety of algorithms.

(Refer Slide Time: 27:48

#include <stdio.h>
struct GeoObject {
enun { CIR = 0, REC, TRG } gCode;
union {
struct Cir { double x, y, r; } ¢;
struct Rec { double x, y, v, h; } r;
struct Trg { double x, y, b, h; } ¢;

Delegation of function calls

DrawFunc DravArr() = { // Array
drawCir, dravRec, dravTrg };

int main() {
struct GeoObject go;

go.gCode = CIR;
go.c.x = 2.3; go.c.y = 3.6;
go.c.r = 1.2;

DrawArr [go.gCode] (go) ; a1l drawCir()
typedef voxd( DrnuFunc (stxuct GeoObject) ;
J go.gCode = REC;
voxd drauC)r(sttuct Gecobject go) { go.r.x = 4.5; go.r.y = 1.9;
printf("Circle: (Alf, %1f, %lf)\n", go.r.W = 4.2; go.r.h = 3.8;
€0.C.X, go.C.y, go.c.r); } DravArr [go. gCode] (go) ; drawRec()
void dravRec(struct GeoObject go) {
printf("Rect: (Y1f, %1f, W1f, Ulf)\n", go.gCode = TRG;
€0.r.X, g0.I.y, go.r.¥, go.r.h); } go.t.x = 3.1; go.t.y = 2.8;
void drawTrg(struct GeoObject go) { go.t.b = 4.4; go.t.h = 2.7;
printf("Triag: (Alf, %lf, %1f, %1f)\n", DrawArr [go.gCode] (go) ; drawTrg()
g0.t.x, go.t.y, go.t.b, go.t.h); } }
~Circle: (2.300000, 3.600000, 1.200000)
Rect: (4.500000, 1.900000, 4.200000, 3.800000)
Triag: (3.100000, 2.800000, 4.400000, 2.700000)
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#include <stdio.h>
struct GeoObject {
enun { CIR = 0, BEC TRG } gCode;
union { =
struct Cir { double x, y, r; } ¢;
struct Rec { double x, y, v, h; } r;
struct Trg { double x, y, b, h; } ¢;

b

DrawFung DravAry(] = { ///Arra
éec dnduTrg };

struct GeoObject go;

gchode-CIR‘/
gocx-23 gocy-36
go.c.r = 1.2;

v/

Function pointer type DrawArr (go. gCode](go). 1 drawCir()
typedef void(*DrawFunc) (struct GeoObject);
rav fynctions for callback go‘gCode'REC:\/
void dxgkCir(struct GeoObject go) { go.r.x = 4.5; go.r.y = 1.9;
printf("Circle: (Alf, W1f, U1f)\x" go.r.v = 4.2; go.r.h = 3.8;
0.C.X, g0.C.Y, go.c.r); } DrawArr [go.gCode] (go); drawRec() t
void drawRec(struct GeoObject go) { —
printf("Rect: (Vlf, %lf, 41f, 41f)\n", go.gCode = TRG;
g0.r.X, 0.I.y, §0.I.W, go.r.h); } go.t.x = 3.1; go.t.y = 2.8;
void drawTrg(struct GeoObject go) { go.t.b = 4.4; go.t.h = 2.7;
printf("Triag: (41f, %1f, %1f, %1f)\n", DrawArr [go.gCode] (go) ; drawTrg()
g0.t.x, go.t.y, go.t.b, go.t.h); } I =T
ircle: (2. Y O ) 3, )
Rect: (4.500000, 1,900000, 4.200000, 3.800000)
Triag: (3.100000, 2.800000, 4.400000, 2.700000)
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[@E Function pointers: Delegation of function calls

#include <stdio.h> DrawFunc DravArr(] = { IT
struct GeoObject { \7/ drawCir, drawRec, drawTrg };
enun { CIR = 0, REC, TRG } gCode;

union { int main() {

struct Cir { double x, y, r; } ¢; \// struct GeoObject go;
struct Rec { double x, y, v, h; } r; /
struct Trg { double x, y, b, h; } ¢t; go.gCode = CIR;
h go.c.x = 2.3; go.c.y = 3.6;
b go.c, .
Function pointer type ; 111 dravCir()
typedef void(sDrawFunc) (struct GeoObject); 7

w functions for callba go.gCode = REC;
vgid drauCir(struct GeoObject go) {
printf("Circle: (4lf, %lf, %lf)\n",
g0.C.X, go.c.y, go.c.r); }
\y{)xd dravRec(struct GeoObject go) {
printf("Rect: (41f, 41f, 1f, %1f)\n", go.gCode = TRG;

drawRec() by ptr

g0.r.X, g0.r.y, go.r.v, go.r.h); } go.t.x =3.1; go.t.y = 2.8;
fvoid dravTrg(struct GeoObject go) { gortb = 4.4; go.TTIRY2.7
printf("Triag: (41f, %1f, %lf, %11)\n", DravArr (g drawTrg()

go.t.x, go.t.y, go.t.b, go.t.h); } }

"~ Cizcle: (2.300000, 3.600000, 1.200000)
Rect: (4.500000, 1.900000, 4.200000, 3.800000)
Triag: (3.100000, 2.800000, 4.400000, 2.700000)
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So, you last but not the least functions can be written as pointers, or rather functions can be
pointed to. So, you this is the typical way you use typedef to do this. That you are saying that
| have a function whose name is star draw func. So, it is actually not a function, it is a
function variable or it is a function pointer, which will point to a function | can use. Which
takes a struct geo object and returns nothing.

So, if you read through this carefully, you will see that here is a union of, of different
geometric objects. Here is an enum which actually remembers which type of geometric object
has been stored here, whether it is a circle, a rectangle or a triangle. And then we have some
draw code, this is not a real drawing code, rather, in the name of drawing circle, 1 am just

printing the values of the circle and so on so forth.

Now, what if I want to write a single code which can print or draw for any of the object types.
So, what I do is | have three functions. So, | make an array of draw func type, what is draw
func type? It is a function pointer, it is a pointer so | can make an array of that and make these
three the three elements of the array, which are the three functions. Now see the beauty. If |

set a circle by giving a gCode and giving its values, and I call this, what is gCode?

gCode is CIR. What is CIR? CIR is 0, what is DrawArr[0]? It is this function, which is a
separate function. So, when I do this call, so, this entire thing is a function, which is actually
the draw circle function. And | pass the geo structure to it. So, this gets called, it is done little
carefully by design that | have put the codes in a way which and rather I have put the function

pointers in a way which matches the order of the code.



So, when | do REC it is one. So, this actually means the drawing function, this actually
means the drawRec function. This actually means for TRG, the drawTrg function. But the
beauty of the whole thing is, all of these codes, all of these calls are same, and they do not
really need to know the name of the function I am calling. So, it is possible that | can have a

big collection of geometric objects as an array of these unions.

And | can just iterate over them in a for loop using just this one call which will automatically
take the right function to be called. This process by which you change the function called
based on the type of the object, these three different types of objects, here of course in C it is
not being guided by the type of the object. | am specifically having to maintain a code to do
that.

But this whole process the which is where you select a function based on certain hyper
parameter or based on certain in marker for types is known as delegation. That is, you want to
do a job, there are three agents, draw circle, draw rectangle, draw triangle, you have to decide
which one you are delegating it to. And in this technique, you can write a very compact code
for that. C++ provides a huge support for this, which can make things much simpler. But to
be able to understand that well, you must understand this function delegation through

function pointers.

(Refer Slide Time: 32:34)

ré%‘ Input / Output: stdin & stdout
P

o int printf(const char *format, ...) writes to stdout by the format and
returns the number of characters written. This is a Variadic function.

e int scanf(const char *format, ...) reads from stdin by the format and
returns the number of input values that are scanned. This is a Variadic function.
o Use s, %d, %c, %1f, to print/scan string, int, char, and double
#include <stdio.h>

int main() {

char str(100];
int i;

printf("Enter a value :\n"); / prints a constant string
scanf("Ys %d", str, &i); / reads a string and an integer
printf("You entered: s %d\n", str, i); // prints string and integer

}

o Use stderr to print errors

B
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Rest of it is too elementary, you have input output, stdin, stdout, printf, scanf both of them are

variadic functions that is they must have this format parameter. And then any number of

parameters in the format string will have different format codes to decide what kind of



variable you have given corresponding to that. With, in addition, you have an std err to print

error messages.

(Refer Slide Time: 33:05

{%}} Input / Output: Files

o To write to or read from file (fscanf () and fprintf () are variadic):

#include <stdio.h>
#include <stdlib.h>

int main() {
FILE #fp = NULL;

int i;
fp = fopen("Input.dat", "r"); n in read mode by "r"
it (1p) { ! n error
fprintf(stderr, "Failed to open Input dat\n )
exit(1);

}
fscant (fp, "Nd", &i);
fclose(tp);

fp = fopen("Output.dat", "v"); write ‘;v':‘: de by "v a'
it ('tp) { error on file
fprintf(stderr, "Failed to open Output dat\n )
exit(1);

}
fprintf(fp, "¥d"2 = Yd\n", i, i%1);
fclose(tp); write back and clear buffers and e file
} ‘

Programming in Modern C+-+ Partha Pratim Das qrerr M

You can do input output on files. If you are not on top of this, just recapture it. There is a

there is a in stdlib, there is a file structure I am sorry, in std, this is not in std lib. In stdio.h,
there is a file structure, which you need to create a pointer of, and then you can open a file,
you can print to a file, you can close a file, you can read from the file all of this
corresponding to the usual console operations, what can be done, it is very powerful. And we

will continue to have that in a different way, in terms of C++.,
(Refer Slide Time: 33:52)

Eé;} Input / Output: Strings

o To write to or read from string (sscanf () and sprintf() are variadic):

#include <stdio.h>
#include <stdlib.h>

Input to be parsed =

int main() { C++ Programming
r trir Token 1 = C++

char instring [] "Ct+ Progranmng Input string Token 2 = Programning
char stri(20], str2(20]; ring

Number 786 has digits 7 8 6

sscanf(xnstnng /s Ys", stri, str2); Tokeninze by spa itoa(786) = 786
printf("Input to be parsed = \n\tls\n", xns:nng)
printf("Token 1 = Ys\n", strt); | e
print?("Token 2 = %s\n\n", str2);
char* itoa(

it to asci ersion and parsing a numb int value,
int 1 = 786; char num(10); // number and array for digit chars str,
sprintf (num, "%d", 1); nvert a number (decimal) to string int base);
printf ("Nunber ’d has digits ", i);
printf ("% %e Yc\n\n", num(0], nun(1], num(2]); is more versatile; but here
printf("itoa(d) = Ys\n", 1, itoa(i, num, 10)); // extract digit is a quick way for decimal
) conversion

o sprintf() is also useful to nicely edit the output before writing to console or file .
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Similarly, you can do a lot of things with strings in the input output mode also. So, as you

have printf for file, you have fprintf, for string you have sprint, scanf, fscanf, sscanf. And



here | have given some small examples to show why, thinking of string as, input output could

be useful. Go through them, it will give you better insight.
(Refer Slide Time: 34:28

{ééj Module Summary

o Revised arrays, structures, unions, and pointers of C

o Revised the concepts of functions and pointers to functions of C

o Revised input/output in C

.
Programming in Modern C++ Partha Pratim Das qra1o M

So, this conclude first round of quick recap on C. We have talked about the remaining

major features. And please go through this to make sure that you do understand them, not
only know but you understand and we are able to use them in the programs. That will hugely
benefit your speed in following the actual module lectures on programming in modern C++.

Thank you all very much and looking forward to seeing you in the course.



