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De nition

I De nition : A Binary search Tree is a Binary Tree in which
every node value grater than of its right child and less then of

its left child.
I Example :

Figure: Example of Binary Search Tree.



Representation

A Binary search Tree can represent in two way: array
representation and Linked list representation
I Array Representation:

(30 [20 [40 |10 [25 [- [- |5 |- [23]27]

Table: Array Representation of BST

I Linked list Representation:
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Figure: linked list Representation



Operation of BST

In BST there are four basic operation: Traversal, searchingetns
a node, Delete a node

I Traversal:

I Searching:

I Insert a node:
I Delete a node:



Traversal
Traversal means visiting each node exactly once.

Figure: Example of Binary Search Tree.

I In Order Traversal:The traversing sequence is
5,10,20,23,25,27,30,40

1 Pre Order Travercecal'The travercinA <edilence ic



Search a node from BST

Search a node from a Tree means the desired node exist or not in a
BST. Two way to search a node : recursive way and Non recursive

way.

Figure: SearchNodg5and21



Algorithm for Searching

Algorithm 1 Recursive Search algorithm

INPUT: Binary search TreeT ) and current node i.e present node
PN under scanning . Searched item/key ks

OUTPUT: KEY ELEMENT FOUND if the function return 1 i.&

in T other wise KEY ELEMENT NOT FOUND the function return
0.

Recursive SearchiniNode PN,K)
if PN == NULL then

Return O
else if K == PN ! Data then

Return 1
else if K PN! Data then

Return Recursive Searchirgl ! Lchild; K)
else

Return Recursive Searchirfgfl ! Rchild; K)
end if




Insert a node in a BST

InsFrt 30

Ins?rt 20 Ins?rt 40 @ @ InsFrt 25 @

Inan 10 10 25



Delete a node from a BST
During delete a node there are three possibility :
i) Deleted node does not have any child
ii) Deleted node have only one child
iiilDeleted node have two child
I No child:

BE Do & @



Delete One child

@) Do & @

Figure: Detete 10 from Binary Search Tree.



Delete Two child

) () »

Figure: Detete 20 from Binary Search Tree.



Complexity of BST

Table: Complexity of BST operations

Operations | Best Case | Average Worst Case
Case

Traversal O(N) O(N) O(N)

Searching o(1) O(log N) O(N)

Insert 0(1) O(log N) O(N)

Delete 0(1) O(log N) O(N)




Applications of BST

() BST Used in many searching application where data is
constantly entering or leaving such as map and set object in ynan
language library

(i) Storing a set of Names and being able to look up based on a
pre x of the name.

(iii) BST is Used to express arithmetic expressions

(iv) To implement Hu man Coding Algorithm Binary search treis
used
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Minimization of DFA

Minimization of DFAmeans reducing the number of states from given FA. Thus,we get the FSM(finite state
machine) with redundant states after minimizing the FSM.

We haveto follow the various steps to minimize the DFA. These araasfollows:
Step 1:Remove all the states that are unreachable from the initial state via any setof the transition of DFA.
Step 2:Draw the transition table for all pair of states.

Step 3: Now split the transition table into two tables T1 and T2. T1 contains all final states, and T2 contains
non-final states.

Step 4: Find similar rows from T1 such that: 1. Ag,a)=p 2. A, a)=p
That means find the two states which have the same value of a and b and remove one of them.

Step 5:Repeat step 3 until we find no similar rows available in the transition table T1.
Step 6: Repeat step 3 and step 4 for table T2 also.

Step 7:Now combine the reduced T1 and T2 tables . The combined transition table is the transition table of
minimized DFA.
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Start 0
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- 0 1
\ “r gl g3
ql q0 3
2. Another set contains those rows, which starts from final states.
- 0 1
@ *q3 g5 g5
*05 g5 s

0.1
Step 1:In the given DFA, g2 and g4 are the unreachable
states so remove them.

Step 2: Draw the transition table for the rest of the states.

Step 4: Setl hasno similar rows soset 1will bethe same.

Step 5: In set 2, row 1 and row 2 are similar since g3 and g5
transit to the same stateon 0 and 1. Soskip g5 and then replace
g5 by g3 in the rest.

- 0 1 So, The Minimized DFA.
\ “r ql q3 _ 0 !
*

ql q0 93 g3 g3 g3

*03 a5 q5 Step 6: Now combine set 1 and set 2 as:
*q5 qs5 5 - 0 1
Step 3: Now divide rows of transition table into two sets as: LI gl g3
1. One set contains those rows, which start from non- ql o[0] g3
final states: *q3 93 93




Example - I

Step 1:In the given DFA, all the state are reachable states.

Step 2: Draw the transition table for the rest of the states.

- 0 1

\ f b C
b a d
*C e f
*d e f
*e e f
f f f

Step 3: Now divide rows of transition table into two sets as:
1. One set contains those rows, which start from non-
final states:

1

\ f

C

b

d, c

f

0
b
a
f

f

2. Another set contains those rows, which starts from final states.

- 0 1
*C e f
*d e f
*e e f

Step 4: Setl hasno similar rows soset 1 will be the same.
Step 5: In set 2, row 1,2 and row 3 are similar sincec,d and e
transit to the same stateon 0 and 1. Soskip e & d and then replace

e by cin the rest.

Step 6: Now combine set 1 and set 2 as:

0

1

*C

C

f

- 0 1

\ f b C
b a C
f f

*C C f

0,1

So, The
Minimized
DFA is




Homework VIII

Minimized the given DFA
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Method

fib(7)
_———‘____-___———_
= d_—____i_ __________———_
ib(6) fib(5)
fib{5) fib(4) fib(4)

7N AN N

fib(3)

fib(4) fib(3) fib(3) fib(2) fib(3) fib(2) fib(2) fib(1)

Vi T b 7\

fib(3) fib{2) fib(2) fib{1) fib(2) fib(1) fib(2) fib(1)

PN

fib(2) fib{1)
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Merge Sort Method
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Example of Matrix Chain Multiplication

Example: We are given the sequence {410, 3,12, 20, and 7}. The matrices have size 4 10, 10 x 3, 3 X
12,12 x 20,20 x 7.We needto compute M [i,j], 0 T, EfWeknow M [i, i] =0 for all 1.
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Example of Matrix Chain Multiplication

Example: We are given the sequence {410, 3,12, 20, and 7}. The matrices have size 4 10, 10 x 3, 3 X

12,12 x 20,20 x 7.We needto compute M [i,j], 0 T, EfWeknow M [i, i] =0 for all 1.
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Example of Matrix Chain Multiplication

Example: We are given the sequence {410, 3,12, 20, and 7}. The matrices have size 4 10, 10 x 3, 3 X
12,12 x 20,20 x 7.We needto compute M [i,j], 0 T, EfWeknow M [i, i] =0 for all 1.
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Example of Matrix Chain Multiplication

Example: We are given the sequence {410, 3,12, 20, and 7}. The matrices have size 4 10, 10 x 3, 3 X
12,12 x 20,20 x 7.We needto compute M [i,j], 0 T, EfWeknow M [i, i] =0 for all 1.
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Example of Matrix Chain Multiplication

Example: We are given the sequence {410, 3,12, 20, and 7}. The matrices have size 4 10, 10 x 3, 3 X

12,12 x 20,20 x 7.We needto compute M [i,j], 0 T, EfWeknow M [i, i] =0 for all 1.
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Example of Matrix Chain Multiplication

Example: We are given the sequence {410, 3,12, 20, and 7}. The matrices have size 4 10, 10 x 3, 3 X

12,12 x 20,20 x 7.We needto compute M [i,j], 0 T, EfWeknow M [i, i] =0 for all 1.
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Example of Matrix Chain Multiplication

Example: We are given the sequence {410, 3,12, 20, and 7}. The matrices have size 4 10, 10 x 3, 3 X

12,12 x 20,20 x 7.We needto compute M [i,j], 0 T, EfWeknow M [i, i] =0 for all 1.
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Algorithm

PRINT-OPTIMAL-PARENS(S,i,j)

if i =] then

print A,

else

print 6 0a
PRINT-OPTIMAL-PARENS(S,i,H{;
PRINT-OPTIMAL-PARENS(SL.H(1,));

print 6 0a
end
J S,3,4
1 2 3 4 )
0 1 2 2 2 1 '
0 2 2 2 |2
0 3 0 3 S,3,3 S,4,4
T ((A1A2)((A3A4)A5))
0O |53 In this way if you multiply then optimal
S Table number of scalar multiplication is required.
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RESEARCH METHODOLOGY

NATURE & MEANING OF RESEARCH

In the modern complex world every society today is faced with serious social, economic &
political problems. These problems need systematic, intelligent and Practical solutions.
Problem solving is technical process. It requires the accumulation of new knowledge. Research
provides the means for accumulating knowledge & wisdom. In other words, research is a
systematic effort of gathering analysis & interpretation of problems confronted by humaty. It

is a thinking process and scientific method of studying a problem and finding solutioft.is an
in-depth analysis based on reflective thinking.

DEFINITIONS

Research in common parlance refers to a search for knowledge. One can also define research as
a scientific and systematic search for pertinent information on a specific topic. Research is an
academic activity and the term should be used in a technical sense.

a) -William Emory defines Research as "any organised enquiry designed and carried out to
provide information for solving a problem”

b) The new Oxford English Dictionary defines research is "the scientific investigation into and
study of material, sources etc in order to establish facts and the reach new conclusions".

¢) Redman and Mory defines, research as "a systematised effort to gain new knowledge".

d) "A careful investigation or inquiry specially through search for new facts in any branch of
knowledge" Advanced Leaner's Dictionary.

CHARACTERISTICS OF RESEARCH

The above definitions reveal the following characteristics of Research
. Research is a systematic and critical investigation into a phenomenon.

. Itis not mere compilation of facts.

. It adopts scientific method.

1

2

3

4. It is objective & Logical

5. It is based on empirical evidence.
6

. Research is directed towards finding answers to questions



7. It emphasis the generalisation of theories and principles.
OBJECTIVES OF RESEARCH

The objectives of Research can be grouped under the following heads
1. To gain familiarity with a phenomenon or to achieve new insights to it.
2. To portray accurately the characteristics of a particular individual situation or a group.
3. To determine the frequency with which something occurs or with which it is associated
with something else.

4. To test a hypothesis or a casual relationship between variables.

MOTIVATIONS IN RESEARCH
What makes people to undertake research?

The answer is as follows.

1. Desire to get a research degree along with its benefits.

2. Desire to face the challenge in the solving the unsolved Problem.
3. Desire to get intellectual joy of doing some creative work.

4. Desire to be of service to Society.

5. Desire to get respectability

IMPORTANCE OF RESEARCH
"All progress is born of enquiry. Doubt is often better than overconfidence, for iteads to

enquiry & enquiry leads to investigation”. Research has an important role in guidingocial
plan. Knowledge of the society & the cultural behaviour of the people require proper planning
for their well development. Because knowledge & cultural behaviour of human being are
interdependent. A reliable knowledge is needed for planning & this is possible ontyrough
research. Knowledge is a kind of power with which one can face the implication of a particular

Phenomenon. Research provides the basis for all govt policies in our economic system.

Research help us in making predictions. Eg. Chernobil Nuclear, nuclear plant disastrour,
Bhopal gas disastrour. Research is equally important in seeking answer to various social
problems In addition to this, the significanceof research can be understood with the following

points.



ADDRESSING

Logical Address/
Has a LAN Card IP Address

Physical Address/
L » | MAC Address

Overview of IPv4 Addressing Scheme

) The identifier used in the network layer in‘the Intemetel to identify each device connected
to the Internet is called the Internet address or IP Address.

i) IP address is 32 bits (IPv4) or 128 bits (IPv6).

1)) It is represented by dotted decimal notation.

V) IP Address isinigue.
They are unique in the sense that each address defines one and only one connectjon 1
Internet. Two devices in the Internet can never have the same aaldilessame time.

V) The IP Addresses ammiversal in the sense that.the addressing system must be accepted
any host that wants to be connected to the Internet.

Notations

We use notations to show an. IPv4 addrbssary notation anddotted-decimal notation

Binary Notation

x /In binary notation, the 1Pv4 address is displayed as 32 bits. Each octet is often referred to
byte. So it is common to hear an IPv4 address referred to as a 32-bit address or |a 4-
address.

x ‘The following is an example of an IPv4 address in binary notation:

01110101 10010101 00011101 00000010

Dotted-Decimal Notation

x To make the IPv4 address more compact and easier to read, Internet addresses alree u
written in decimal form with a decimal point (dot) separating tyies The following is th
dotted-decimal notation of the above address: 117.149.29.2

10000000 . 00001011 . 00000011 . 00011111
v v v v
128 . 11 . 3 . 31

Complied by: Anupam Mukherjee contact: anupamsit@agl.com



Questionl.

Change the following IPv4 addresses from binary notation to dotted-decimal notation.
a. 10000001 00001011 00001011 11101111

b. 11000001 10000011 00011011 11111111

Solution
We replace each group of 8 bits with its equivalent decimal number (see Appendix B) and
dots for separation.
a. 129.1111.239

b. 193.131.27.255

QuestiorR.

Change the following IPv4 addresses from dotted-decimal notation to binary notation.
a.111.56.45.78

b. 221.34.7.82

Solution

We replace each decimal number with its binary equivalent (see Appendix B).
a..0110111 00111000 00101101 01001110

b. 11011101 00100010 00000111 01010010

QuestiorB.

Find the error, if any, in the following IPv4 addresses.
a. 111.56.045.78

b. 221.34.7.8.20

c. 75.45.301.14

d. 11100010.23.14.67

Solution

a. There must be no leadingra (045).

b. There can be no more than four numbers in an IPv4 address.

c. Each.number needs to be less than or equal to 255 (301 is outside this range).
d. A mixture of binary notation and dotted-decimal notation is not allowed.

Complied by: Anupam Mukherjee contact: anupamsit@agl.com



Classful Addressing

X IPv4 addressing when started a few decades ago, used the concept of classes. This a
is called classful addressing.

X In classful addressing, the address space is divided into five classes: A, B, C, D, and
class occupies sarpart of the address space.

X In mid 1990s, a new architecture, called classless addressing was introduced, wh
eventually supersede the original architecture.

Finding the classes in binary and dotted decimal notation.

First  Second Third  Fourth First  Second Third  Fourth

byte byte byte byte byte byte byte byte
ClassA [ 0 || i I | Class A | 0-127 || I | |
ClassB [10 || | H | Class B [128-191] || I |
Cssc [110 | I I | Class C [192-223])| I | |
Class D [1110 || | | | Class D |224-239]| | |
ClassE [1111 || Il I | Class E [240-255|| I | |

a. Binary notation b. Dotted-decimal notation

Class A Class B Class C Class D Class E

Question4.

Find the class of each address.

a. 00000001 00001011 00001011 111011112

b. 11000001 10000011 00011011 11111111

c. 14.23.120.8

d. 252.5.15.111

Solution

a. The first bitis 0. This is a class A address.

b. The first 2 bits are 1; the third bit is 0. This is a class C address.
c. The first byte is 14 (between 0 and 127); the class is A.

d. The first byte is 252 (between 240 and 255); the class is E.

rchit

E. I

ich

Complied by: Anupam Mukherjee contact: anupamsit@agl.com



There are two parts of an IP address

x Network ID
x Host ID
The various classes of networks specify additional or fewer octets to designate the network ID versus th¢
Class  1st Octet 2nd Octet 3rd Octet 4th Octet
Net ID Host ID
A I R
Net ID Host'ID
B I
Net ID Host ID
c I
D Multicast Address
E Reserve for Future use

Question5. Find the Network ID and Broadcast ID of different classes?
Answer.

For Class A Network

Network Id ££X.0.0.0
Broadcast IdAEX.255.255.255

For Class B Network

Network Id ££X.X.0.0
Broadcast/1dAX.X.255.255

For Class C Network

Network Id £X.X.X.0
Broadcast IdAEX.X.X.255

Note : where X is variable ; X belongs to 0 to 127 for class A

> hos
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Note:

Class A

1% address40.0.0.0
Last Address/AE127.255.255.255

So, Maximum number of networkeE128

Valid number of nlwAE126

Because, we can not assign first and last address in any host machine.
First address is used for identifying a n/w (knowmeisvork addresg

And last address is used tmoadcasting purpose.

Class B Class C Class D

1% addressA128.0.0.0 1% address£192.0.0.0 1%t address/AE224.0.0.0

Last AddressA191.255.255.255| Last Address/AE223.255.255.255| Last Address/A239.255.255.255
Maximum no. of n/we2'® Maximum no. of n/we2?*

Maximum no. of Hos2'® Maximum no. of Hos2®

Class E

1% address/E240.0.0.0
Last Address/E255.255.255.255

Network Address

i) The network address is an address that defines the network itself.

i) It can not be assign to a:host

iii) Network address plays a very important role in classful addressing. A network address has se
properties+
a $00 KRVW ELWV DUH ¢fV
b)  Router can route a packet based on network address.

iv) In classful addressing, the network address is one that is assigned to the organization.

V) For network addres¢E

Net id Hostid

| Specific | $00  1V|

Note : Network Address = Binary AND operation of ( IP Address + Subnet Mask)
Eg. 192.168.10.0 = 192.168.10.45 + 255.255.255.0

11000000.10101000.00001010.001011(4192.168.10.45
11111111.111121111.11111111.0000000®255.255.255.0

11000000.10101000.00001010.0000000€192.168.10.0

veral
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Question 6.

Find out the network address of 132.6.17.85?

Answer:

132.6.17.85 is a class B IP address. The first 2 bytes defines the netid. We can find the n/w address by 1
WKH KRVWHG E\WHV ZLWK qV 7KHUHIRUH WKH QHWZRUN

MA SK

a8 When a router receives a packet with a destination address, it needs to.route the packet. The routing
the network address and sub-network address.

a the router outside the organization route the packet based on<the network address; and thsideuties
organization routes the packet based on sub-network address.

Eg. When a parcel reaches in a post office, they are routed according to zip cod¢héymeach the post offi¢

serving that zip code, the parcel are routed according to the street address.

a8 Now the question is how can a router find the network address or subnetwork address?
A network administrator knows the network and sub-network address, but a router does not. A 32 bit
called mask is the key to solve this problem.

a the router outside the organization use a default méekrouter inside the organization use a subnet mas
When a router receives a 32 bit binary IP and mask values, it performs a binary AND operati@norhg
result will be the desire network address.

Eg. £

11000000.10101000.00001010.0010110
11111111.1171711111.11111111.0000000

11000000.10101000.00001010.0000000

192.168.10.2/24

Router l
192.168.10.0%&network address

Default Mask:

Although the length of the netid and hostid (in bits) is predetermined in classful addressing, we can also
mask (also called the default mask), a 32-bit number made of contiguous 1s followed by contiguous Os.
masks for classes A, B, and C are shown in Table. The concept does not apply to classes D and E.

Class Binary Dotted-Decimal CIDR
A 11111111 00000000 00000000 00000000 255.0.00 18
B 11111111 11111111 00000000 00000000 255.255.00 16
C 11111111 11111111 11111111 00000000 255.255.255.0 124

The mask can help us to find the netid and the hostid. For example, the mask for a class A addgbdslig
which means the first 8 bits of any address in class A define the netid; the next 24 bits definedh&Hekis

epla
| D

s ba

e

nun

K.

use .
The

S €
t

column of Table shows the mask in the fdmwhere n can be 8, 16, or 24 in classful addressing. This notation |
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7

also calledslash notation or Classless Interdomain Routing (CIDR) notationThe notation is used in classless
addressing, which we will discuss later. We introduce it here because it can also be applied to classful agddre:

Subnet Mask:
7KH QXPEHU RI V LQ D VXEQHWPDVN LV PRUH WkKik@askKH QXPEH!
Eg. Afor class B, default mask is /16

Default mask of class BE 255.255.0.0
A11111111.11111111.00000000.00000000
Subnet mask AE255.255.224.0
A11111111.11111111.11100000.00000000
X The number of subnets is determined by the nbimftb R1 H[WUD {V
X If the number of extra 1 is n. then the number of subnét is 2
X ,I] WKH QXPEHU RI VXEQHW LV 1 WKMQ WKH QXPEHU RI H[WUD

Subnettinq:

X In subnetting, a network is divided into several smaller groups with each subnetwork (or |subr
having its own subnetwork address.
x Often an organization needs to assemble the host into groups; the network needs to be dividec
several subnetworks.
x E.g. A university may want to group its host according to departments. In this case the univer:
has one n/w address, but needs several subnetwork addresses. The outside world Know:
organization by its n/w address. Inside the organization of each subnetwork is recognized by
subnetwork address.

1411401  141.14.14. ——eeeer 141.14.14.254 141.14.64.1 141.14.64.2 -~ 141.14.64.254
CSE Dept £
AEE Dept
Subnet Subnet
141.14.0.12 141.14.64.9
141.14.0.0 141.14.64.0
R2 R3
141.14.192.1 - — | 141.14.192.254 141141281 -~ 141.14.128.254
IT Dept £ AECE Dept
Subnet Subnet
141.14.192.0 141.14.192.4 141.14.128.0 141.14.128.0
(R )

University A141.14.0.0 (Network address)

- e — e—— e e e e e e— — S S

Rest of the Internet

Complied by: Anupam Mukherjee contact: anupamsit@agl.com



Sjpernettinq

The time came when most of the class A and class B addresses were depleted; however, stiéra tuags

demand for midsize blocks. The size of a class C block with a maximum number of 256 addresses did not s
the needs of most organizations. Even a midsize organization needed more addresses. One sgdlutio

supernetting. In supernetting, an organization can combine several class C blocks to createran¢perger

addresses. In other words, several networks are combined to create a super- network or a superne

organization can apply for a set of class C blocks instead of just one. For example,naatogathat needs

1000 addresses can be granted four contiguous class C blocks. The organization can then use these addr

create one supernetwork. Supernetting decreases the number of 1 s in the.mask. For exaromeanizaton i$
given four class C addresses, the mask changes from/24 to/22. We will see that classless addressing
the need for supernetting.

Questiory: What is the difference between IP address and MAC address?
Answer.

IP Address MAC Address

1. Itis logical address. 1. Itis physical address.
2. IP address is dynamic. 2. MAC address is Static.
3. IPv4 is 32 bits, and IPv6 is 128 bits. 3. MAC address is 48 bits.

4. IP address is represented by dotted deql4. MAC address is represented by do
notation. hexadecimal notation.

5. It is user define address:. 5. It is manufacturing address.

6. ltis classify into 5 classes. 6. No such type of classification.
l.e. class A, class B, class C, class D, class E

7. Each IP address has two parts. Netid and hog]| 7. No such type of division present in MAC addr¢

Note:

Formula to determine number of hosts on a given network

1Given that there are N host-hbitsan address, the number of hosts for that netviﬂ;)ﬂ'(\I - 2. Two addresses ar
subtracted for the network addressl the broadcast address.

18 host bits: § - 2 = 254 hosts
116 host bits: %6 - 2 = 65534 hosts
124 host bits: 2% - 2 = 16777214 hosts

Complied by: Anupam Mukherjee contact: anupamsit@agl.com
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a Puplic 1P and Private IP addresses

Public IP Address:

iMost IP addresses are public addresses. Public agslaes registered as belonging to a specific organization.

T , Q WSetviQeHPYdviders (ISP) and extremely large organizations obtain blockslicfguidyessefom the
IANA (Internet Assigned Numbers Authority). Other organizations obtain public addressethéoifPs.

iPublicIP addresses are routed across the Intesog¢hathosts with public addressesy freely communicate
with one another globally.

iNo organization is permitted use public adde thatare not registered with that organization!

Private IP Address:

iThe following are private addresses.

+ Class A range: 10.0.0.0 through 10.255.255.255.

+ Class B range: 172.16.0.0 through 172.31.255.255.

+ Class C range: 192.168.0.0 through 192.168.255.255.

iPrivate addresses mhg usedby any organization, without any requirement for registration.

iBecause private addresses are ambiguois Q&glMvhere W K H \ U HfrénRRd? gaihdto because anyone can
use them - private addresses r@ot permittedo be routed across the Internet.

HSPs block private addresses from being routed across theirinfrastructure.

iNote: The use of private addresses, network address translation (NAT), and proxy servers solved the IR adc
shortage problem for the short and medium terms.

a8 Reserved addresses

yis 0.0.0.0is the defauliP address, and i usedto specify a default route.
The default route will be discussed later (routing section).

A Addresses beginning with 127 are reserved for internal loopback addresses.
It is commonto see 127.0.0.1 usedthe internal loopback address on many devices.

Try pinging this-address on a PC or Unix station

Complied by: Anupam Mukherjee contact: anupamsit@agl.com
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IP Datagram

What is Datagram?

T Packets in the network layer are called Datagram.

T A datagram is a variable length packet consisting of two parts-----
) Header
) Data

*** the header is 2060 bytes in length and contains information essential to routing and delivery.

IP datagram frame format

20-65,536 bytes

>l

20-60 bytes

h Header Data

Y

/ \
VER | HLEN DS Total length
4 bits | 4 bits 8 bits 16 bits
Identification Flags Fragmentation offset
16 bits 3 bits 13 bits
Time to live Protocol Header checksum
8 bits 8 bits 16 bits

Source IP address

Destination IP address

Option

¥ VER (version) : - This 4bits field defines, which version of IP address we used (IPv4 or IPv6)
¥ HLEN (Header Length):- This field defines the header length, which is variable £80 bytes)

T DS (Differentiate Services):-This field defines the different service type.

D: Minimize delay R: Maximize rehability

T: Maximize throughput C: Minimize cost

TR EIEEENE
Precedence TOS bits

Service type

In this interpretation, the first 3 bits are called precedence bits. The next 4 bits are called type of servjce
(TOS) bits, and the last bit is not used.

a. Precedence is a 3-bit subfield ranging from 0 (000 in binary) to 7 (111 in binary). The precedent
defines the priority of the datagram in issues such as congestion. If a router is congested and n
WR GLVFDUG VRPH GDWDJUDPYV WKRVH GDWDJUDPYV |ZL'
GDWDJUDPYV LQ WKH QWHUQHW DUH PRUH LPSRUWDQW \

Complied by: Anupam Mukherjee contact: anupamsit@agl.com
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network management is much more urgent and important than a datagram containing optig

information for a group.

b. TOS bits is a 4-bit subfield with each bit having a special meaning. Although a bit can be e
or 1, one and only one of the bits can have the value of 1 in each datagram. The bit patterr
their interpretations are given in diagram bellow. With only 1 bit set at a time, we can have
different types of services.

TOSEM‘A T Description
0000 Normal (default)
0001 Minimize cost
0010 Maximize reliability
0100 Maximize throughput
1000 Minimize delay

T Total Length :- This field defines the total length (header + Data) of the IP Datagram in bytes.

Length of the IP datagram is limited to 65535 {2bytes.

T Identification:- This field is required to set an identification number to each Datagram:

T Flags:- This is a 3-bit field. The first bit is reserved. The second bit is calledamet fragmentbit. If its

value is 1, the machine must not fragment the datagram. If its value is 0, the datagram can be fr
if necessary. The third bit is called the more fragment bit. If its value is 1, it means the datagram
last fragment; there are more fragments after this one. If its value is 0, it means this is the las
fragment.

Flags used in fragmentation

D: Do not fragment
M: More fragments

Fragmentation offset: This 13-bit field shows the relative position of this fragment with respect 1
whole datagram. It is the offset of the data in the original datagram measured in units of 8igyte
(bellow) shows a datagram with a data size of 4000 bytes fragmented into three fragments.

The bytes in the original datagram are numbered 0 to 3999. The first fragment carries bytes 0 to !
offset for this datagram is 0/8 = 0. The second fragment carries bytes 1400 to 2799; the offset
this fragment is 1400/8 = 175. Finally, the third fragment carries bytes 2800 to 3999. The offset

this fragment is 2800/8 =:350.

M ] offser=0/8 =0

13599

L[] orrsel = 140078 = 175
1400

T+« [] Offser = 280048 = 350
1

2800

OfMset =0/8 =0
L[] |
f 1

Byte 0

Byte 3959 2799

3999

nal

ther
s an
five

agm
S no
t or

o th

1399
valu
alue
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T Time to live:- Time to live is a limit on the period of time or number of iterations or transmission in
computer and n/w technology that a unitof data (Eg. Packet) can experience before it should disg
Or this field is used to control the maximum number of hops (routers) visited by the datagram.

T Protocol:- This field defines the higher-level protocol that uses the service of the IP layer. An IP da
can encapsulate data from several higher level protocols. Such as TCP, UDP, ICMP. This field dg
final destination protocol to which the IP datagram should be delivered.

¥ The IP multiplexed and demultiplexed data from different higher level protocols.

I 1420
14,567 [ J1]_000
[
[ 820
Bytes 0000-1399 14567 1T 175
Fragment 1 I
= | ITON [ 1 400
14,567 o000 1420
T 14567 | [T 175 Bytes 1400-2199
I Fragment 2.1
[ 620
Bytes 0000-3999 Bytes 1400-2799 “LIS'” [ It 275
Fr.agmcntz
Original datagram
I 530 Bytes 2200-2799
14,567 [ To[ 350 Fragment 2.2
[
Bytes 2800-3999
Fragment 3

Value protocol
1 ICMP

2 IGMP

6 TCP

17 UDP

89 OSPF

Transport leyer

ICP | | UDP

\ [

ICMP

Network layer

TGP \ / OSTF
AN
\V/

Header

arde

atagr
fines
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¥ Checksum:-Checksum field is used for error detection purpose in IP datagram. The header of IP pack
changes with each visited router, but data do not. So, the checksum include only the part that hag cha

4 | 5] o0 28
1 0 | 0
4 | 17 0
10.12.14.5
12.6.7.9

4, 5, and 0 —> 0100010100000000
28 —> 0000000000011100

1 — 0000000000000001

0 and 0 —> 0000000000000000

4 and 17 — 0000010000010001

0 — 0000000000000000

10.12 —> 0000101000001100

14.5 — 0000111000000101

12.6 —> 0000110000000110

7.9 —> 0000011100001001

Sum —> 0111010001001110
Checksum — 1000101110110001—

t+ Source Address This field defines the source IP address, and this field remain unchanged during tf

time the IP datagram travels from source host to destination host.

t Destination address:-This field defines the IP-address of the destination

t Options:- As name implies, are not required for every datagram. They are used for network testing a

debugging.

1P dalagram

U

MTU

lliz= e Maximum length of data to be encapsulated in a frame

Trailer

Frarmae

Complied by: Anupam Mukherjee
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Electrical energy is a secondary energy source
and also referredto as an energy carrier.

Electrical energyhasthe following advantages over all other forms (chemical, heat, li
& mechanical)f energy

1. Cheapness

2. Convenient & efficient transmission

3. Easy control

4. Cleanliness

5. Greater flexibility zasit canbetakento any cornerof thehouse factory etc.
6. Utilization in versatile form
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Free electrons

Direction of conventional current flow By definition electric current is the rate of flow of charge through a
medium subjectedto an external influence Mathematically

— 2 . Q
—— t
Direction of electron flow
Where,
'|'||' | = Average current flow through the medium
Q = Charge
External source t= time

Definition of Ampere: When a charge of one coulomb passes through a mediane second, the mediusisaidto
be carrying a current of one Ampere

As 1 coulomb is equal t06.24x10" number of electrons, so 1 Ampere means flow of 6.24x10"
number of electrons
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Electric currents divided into two types.:
T Directional Current (DC)
T Alternating Current (AC)

Directional (Direct) Current
A nonvarying, unidirectional electric current (Example: Current prodigduatteries)

current |

or -+
voltage
0 -

time

Characteristics:

X Direction of the flow of positive and negative charges does not change with time
X Direction of current (direction of flovior positive chargesy constant with time
X Potential difference (voltage) between two points of the circuit does not change polarity with time
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X4 About electricity

Alternating Current

A current which reversem regularly recurring intervalsf time and which has alternately positive and
negative values, and occurring a specified nurnbémes per second.

(Example: Household electricity produdayglgenerators, Electricity suppliéy utilities.)

current $

ar -+
voltage

0

time

Characteristics:

X Direction of the current reverses periodically with time
X \oltage (tension) between two points of the circuit changes polarity with time.
X In 50 cycles AC, current reverses direction 100 times a second (two times during one cycle)
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The potential difference (V) betweany two pointsof a conductoris directly proportionalto the current (I)
flowing through the conductor provided temperature afidother physical quantitiege.g. length, crossz*
sectional area etc.) remain unchanged.

Mathematicallywe canwrite,\/ /1

or, V RI
5LWKH FRRQS WRDSRMWW LR QDDOWSMHY LWWMWMDORB .

Resistances the propertyof a materiaby virtue of whichit opposes the flowf electrons through. The unitof
Resistancés 3R K RY).

From Ohm's Lav R \I—/

ForV=1Wolt & I=1Amp

R=1 ohm
Thusl ohmis defined asthe amounof resistance which opposes a floivl amp current through a conductor
when the potential difference across the condustb\olt.
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@ Resistancef a conductors directly proportionato its length () in the directiorof the current flow.
@ Resistanceof a conductons inversely proportionalo its cross-sectional area (A) perpendicuiarthe
directionof flow of current

4

/?_\ 1 —’
Direction of

A s current flowy
- I
Thus from the above R DI Combining the twaveget R DZ
d R D 1
a A or, R= ()L

A
Where |l Yis the proportionality constant & calledresistivityor specific resistancef the conductor.

If R =1 ohm, | = 1 meter, A = Bgmeter, Then,(£ 1 ohm-meters====  Sounit of resistivity is ohm-meter
Again, ifl =1 meter and A= 1 mefefThenR = U

So specific resistance or resistivity of a materials defined asthe value of resistance between two opposite faces of
cube of that material with a dimension ofn(} x (1 m) x (1 m). 8
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Conductances the reciprocal of Resistance

From R K PI§w'the current through a conductegiven by | \é

or, | GV, WhereG %

The parameten * §6 calledconductanceof the conductorandit is reciprocalof resistance R. Conductance
Is themeasuremenif inducementwhich it offersto its flow but resistances the measuremeif opposition
whichit offersto the flowof current.

Unit of conductance Siemensr mha

Again, from the law®f resistance R=p.—

1
Dr RN
G 4 The parametefV{s called conductivity.

It is reciprocalof resistivity

1 . : A
> =07 Unit of conductivityis Siemens/meter.
| | o
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The ratioof changen resistance pefC and the resistanc the reference temperatusecalled temperature
co-efficientof resistance D of a material.

Let, R, = resistancatt,°C
R, = resistancat t,°C
D = temp coefficienof resistancatt,°C ¢~ R, = R;(1+ D) [where, t =% +t]
D = temp coefficiendf resistancat t,°C

—

Generally reference or base temp is takerP&s 0

Let, 3 = temp coefficient of resistance at base teRp
R, = resistance of base / reference temp°@f 0 R, =R, (1+ D)
R, = resistance of the material at any terfig t
Similarly we cansay, {/ {d ) N | o R
| R Temp co-efficient of resistance is given £ Rt
Also we can arrive at £ 1 ot

I.  positive for metallic conductors

Temp. co-efficient of resistanceis -[ ii. negative for carbon, electrolytes, semiconductors, insulators
li. negligibly small for alloys like eureka, manganese, nickel chromium, constantan etc.



8.1 _Resistance in Circuits

- Series connection

When the resistances are conneateseries:
x Current through equivalent resistancg R equalto the current through eadt the original resistors (all have

same current).

Prepared by M.R.Chakraborty

) Not for distribution without permission

X Voltage across the equivalent resistanggdhe sunof the voltages over the original resistors.

From figureV =V, +V,+V;+V,
Or,

o, Ry =R+ R+ Ry + R,

Uu U _U
Or, — L— E— E
0 0y O

u_u
E

Oy Oy

(@)

Criterion of series circuit

IR, = IR + IR + IR; + IR,
[Where, 'R'is the equivalent resistanoéthe circuit]

>
I

R =V,

R, =V, V

Fr

=r.

R, =V,

R

4

v,

Same amountof current should flow through all the elementsof the circuit.
Individual resistors have their individual voltage drops.

Nature of voltage drops are additive.

Summation of all voltage drops must equato the supply voltage.

Resistances are additive.
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When the resistances are conneatguarallel:

X The individual resistors have the same voltagghe single equivalent resistor.

X The current through the equivalent resisédhe sunof the currents through the individual resistors.
X Individual voltages and currentanberecovered using K P faw or current division.

From figure |l =1, + |,
£ ifz
9 9 9 o

or, —
SHTS - Y R,

[Where, 'R, Is the equivalent resistanoéthe circuit] T

or,

In terms of conductance the equivalent conductance wile G, = G, + G,

SHTS o

I.  Same potential differencas applied across all the resistances
Criterion of parallel circuit -4 ii. Different resistances have their individual currents

. Conductances are additive.

12
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The amounof work doneto move a unit charged particle from a referenc
pointto a designated poim a static electric fields calledpotential.

The differencan electric potential between two points an electric fieldis
calledpotential difference.

It IS measuredh volts.

13
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In anelectric circuit, current flows through a conductor when potential diffensraggplied
to it i.e. some works done.So we cansay that whenever thereis transfer of charge,

some electric workis done
Electric workis given by, W =VQ = VIt

Where, V = potential (volt)
Q = charge (coulomb)
| = current (amp)
t = time (sec)

The unit of electrical works Joule.

14
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Therate at which electric work is performed is called electric power.

o DPRXQW Rl ZRUN9GRQH
Itisgiven by, 3 “w T RIRRWKH ZRWNW °

The unit of electric powas \Watt.

15
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W Basic quantities: Energy
Totalamount of electric work donein a certain period oftime is called electric energy.
ltisgivenby,( SRZHUTWIWK,W

The unitis watt-sec But watt-sec units very smallif we think of the amount of electric
energy consumed&owe use bigger unit lik&\Wh.

1KWh =1000Wh = 1000x 3600wattsec= 36 x 10° wattssec

16
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Electricity Magnetism
LGS BC624~546 | Triboelectric effect

TT——T—— 1540~1603
1670~1736 | Division of conductor and insulator magnetic field of the Earth

1698~1739 | Electric fluid (vitreous and resinous fluid)

el 1706~1790 | Electric charge and conservation of charge

EEIVELRIBN 1737~1798 | Biological electricity

(o111 s 1736-1806 | Electrostatic force

1745~1827 | Chemical electricity, battery

SR GH 1777~1851 | Magnetic phenomenon induced from the electric wire

1775~1836 | Magnetic field

===z 1791~1867 | Electromagnetic induction

FEVATEIEN 1831~1879 | Electromagnetic field

1887~1975 | Electromagnetic wave

1856-1944 | Alternative generator, wireless communication

17

SECI 1879-1955 | Photoelectric effect




— . Prepared by M.R.Chakraborty
Numerical ) Not for distribution without permission

1. The resistance temperatureco-efficient of aluminium at 0°C is 0.0045

per °C. Find the co-efficient for a temperature of 30° C.
Solution:

We know that.

24

a, =
1+ a,t

Here a, =0.0045.71=30"

a, 0.0045

= =0.00396
1+a,x30 1+0.0045x 30

Therefore, a,, =

18
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2. A conductor has a resistancef 10 ohm at 20 C. At 5(° C its resistance increases

to 14 ohm. Determine the temperatureo-efficient of the conductor at @ C.

- = Therefore.

Solution:

Ry, = R,(1+ e x20) =10
We know that, R, =R,(1+a,x50)=14
R; =Ry (1+ 0,) 1+, x20 10

T 1+a,x50 14
Here, or,10+500a, =14 + 280«
Ry =100 or,220a, =4
R, =140 A

or, @, == 0.0182 I C

19



6 Numerical

3. Determine the resistance acrosgb ffor the circuit shown in the figure.

%1 T
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Solution:
Thisis a series-parallel combinatia resistances.

The resistance acrost, R, iu 0.5:

11
The resistance Ris in series with R,

So, the resistance, R, R. 1 05 15
15ul 15

1.5 1 25

Now, the total resistance across, R

But this resistance Ris in series with R.

Sothe resistance acrosbis given by,

R, R. R 1 06 18

20
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1. The current flowing in a circuit containing four resistors connectedn seriesis | =
2 Amp. The potential drops across the first, second and third resistors are,

respectively: V; = 8V, V,= 10V and V;= 6V. The equivalent resistanceof the
circuit isR =30

Find the total voltage suppliedby the battery and also current, voltage drop, and
resistanceof each resistonn the circuit.

21
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2. Find the equivalent resistance of the circuit shown.

& B

22
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1. The current flowing in a circuit containing four resistors connectedn seriesis | = 2 Amp. The potential drops across the
first, second and third resistors are, respectively: Y= 8V, V,= 10V and V5= 6V. The equivalent resistance®f the circuit

ISR=30 .

Find the total voltage suppliedby the battery and also current, voltage drop, and resistancef each resistorn the circuit.

Solution:

As the resistors ana seriessothe current flow throughachresistances same.

Using the Ohm's Lawye canfind the resistanced the first, second and third resistors.

5 Z
sL—= Lo Lv3
6 ST

7 X
7L—L—tLU3

As it is a series circuisothe equivalent resistanethe sum of the individual resistances.
coLb sE gE 7E 3 he current flowing through Rs also 2Aasit is a

cna L E:_E E -o eries circuit.
o 8 cot - o 6 7~ |lUsing Ohm's Law againwe can find the voltage
aglLurkF:vEWE U; E3cross Rasbelow.

8L 8LtHSZLUX

Therefore, total voltage V =\, + V,+ V,;+V,=8+10+6+36 = 60 V

23
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2. Find the equivalent resistance of the circuit shown.

2 E C
)
lon: g
Solution: o 20 ‘o
Equivalent resistance R= Ryr ! Rge ! Rep 3% IR
From the circuit given, o
F E D

R,-=83
=(2+ 3)3=5 3 (asitis a series connection)

L tax3

Og¢' L v(t E 2 Lv$rLVHsr
& ' vV Esr

ThereforeR,, = Rar ' Rgg ' Rep=(81512.86) - =1.48 -

24
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Sample questions

. What do you mean by current? Whatcharge? Explain the relationship between

charge and current.

. Write down the classification of current. Explaorief.

Discuss the differences between a.c. and d.c.

Explain 2 K P {aW. Define resistance from

What do you mean by resistance? Name the factors affecting resistance.

What do you understand by resistivity, temperatoefficient of resistance and
conductivity.

25
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e

Confused how to
judge that?

26
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How to Conduct a self-check on learnin

Can | apply the theoretical knowledge acquired in practical field}
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Congratulations !

You are on correct path of learning.

28
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There is no alternate of studying books« « .

Go through your book to know more aboutit.
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Digital Control System
Course Code: PE-EE-601A

Module - 6
Lecture 1
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Stability concepts and definition used in connection with continuous-time systems are directly applicable for a
discrete-time system. Like continuous-time systems, the discrete-time systems also has to satisfy two notions of

stability, namely
a. Zero input stability

b. BIBO stability
An initially relaxed system is said to be BIBO stable if for every bounded mput 7(k); £ =0 the output

v(k), k=0 is bounded for all value of &

For a linear time invariant system to be BIBO stable, it is necessary and sufficient that

> leh)|< a

Where g(k) is the response of the system to a unit sample sequence or impulse.



6WDELOLW\ RI GLVFUHWH WLPH V\V\

7KH LPSXOVH UHVSRQVH IRU WKH GIOXNWUPWNB/ DRBLYKW\IBUKRSHUWLHYV D

s 10
u ‘3. ........................................................ Dpessssssossossssssosnmammnssesnestott Sttt
-02 [l | | | | | | [l | '1 U 1 1 1 1 L 1 1 1 .'.I.
1] 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
Asymptotically stable system t[s] t [s]
Unstable systemn
0.2 Ty -,
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Relation between - and s
_ TIs
Z=e
— The pole and zero locations in the z plane are related to the pole and zero locations in
the s plane.

— The dynamic behavior of the discrete-time control system depends on the sampling
period T.

* Locations of poles and zeros in the = plane depend on T



Im +
Z plane

6WDELOLW\ RI GLVFUHWH
ODSSLQJ EHWGESODD W DH G DNVMXKH F

/\

™
JRB

> R I
The complex variables z and s are related by the equation
_ Ts
Z=g
s=0+ jw
- =ei".~: =ETIJ+_}M'} = e]‘ae;ﬂr - e!‘aejl_}"n--.-l:‘fﬂ

rE

Note: frequencies differ in integral multiples of the sampling frequency‘? , are mapped into the

same location in the z plane. jw axis in the s plane corresponds to \:\ = 1. The interior of the unit
circle corresponds to the left half of the s plane. The exterior of the unit corresponds to the right

half of the plane.
= The left half of the s plane

|zZ[=e™ <1 (interior of the unit circle)
 The jw axis in the s plane corresponds to

|:| =1 (unit circle)
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Primary strip and Complementary strips

Ts " 5@,
z=e reg
Zz=al . -
. Im }
1) Zz = wT the angle of z varies from — o fow & i -321 z plane
. . W
as wvaries from — o fo o . as point moves from Complementary
strip N
] l ’ 1 1 y §— 2}1- g , Ly
_JE“stDJEHs(H&_?) Wé!? 1
) Primary % - 8 P
z =wT varies from -7 torx strip ’C P 0
P , W,
This is the primary strip. W"’ E
- : : Complementary
2) Each other strip with range of w_will trace i 2

the z plane in one circle.

$V WKH SRLGBWDRQHWKRIY HV IURP
+f WRRQ WEM[LY ZH WUDFH WKH:* YEOH LQ
WKISODQH DQ LQILQLWH QXPEHU RI WLPHV

{

N\
o
nl ¢

E
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(QHUJ\ SHVRXUFHYV

(QHUJ\ LV RQH RI WKH PDMRU LQSXWV IRU WKH HFRIQ FEDLA
GHYHORSLQJ FRXQWULHV WKH HQHUJ\ VO FWRUZ BY WXHPHH \H
HQHUJ\ QHHGV UHTXLULQJ KXJH LOQYHVWPHQWY WR PHHW W
(QHUJ\ FDQ EH FODVVLILHG LQWR VHYHUDO W\SHV EDVHG R

+ 3ULPDU\ DQG 6HFRQGDU\ HQHUJ\

+ &RPPHUFLDO DQG 1RQ FRPPHUFLDO HQHUJ\

+ SHQHZDEOH DQG 1RQ 5HQHZDEOH HQHUJ\

3ULPDU\ DQG 6HFRQGDU\ HQHUJ\

B3ULPDU\ HQHUJ\ VRXUFHV DUH WKRVH WKDW DRMHR g L SUKLHPWD
VRXUFHVY DUH FRDO RLO QDWXUDO JDVP DWGHRIHRRPID WR XWX
LQFOXGH QXFOHDU HQHUJ\ IURP UDGLRDFWLY HH VXWX WD Q¢
SRWHQWLDO HQHUJ\ GXH WR HDUWK V JUDYLW\

3ULPDU\ HQHUJ\ VRXUFHVY DUH PRVWO\WRRYMARQYEGBULCHQA
H[DPSOH FRDO RLO RU JDV FRQYHUWBQG\ LHQQ\HRJ \WHDDP DAV
6RPH HQHUJ\ VRXUFHV KDYH QRQ HQHUJ\ XVHV |IRPY B[DRISG
LQ IHUWLOLVHU SODQWYV

&RPPHUFLDO DQG 1RQ FRPPHUFLDO HQHUJ\

&RPPHUFLDO (QHUJ\

7KH HQHUJ\ VRXUFHV WKDW DUH DYDLB DBEMHNJIR WX H V FRR
%\ IDU WKH PRVW LPSRUWDQW IRUPV RI FRPPRGFUBO. GG
SURGXFWV &RPPHUFLDO HQHUJ\ IRUPV WKHSRDW. \D®RG IF®
GHYHORSPHQW LQ WKH PRGHUQ ZRUOG , QDWK HHIGQIGX\OW UL {
VRXUFH QRW RQO\ IRU HFRQRPLF SURGXFWLRQ BEXWRBR®D
([DPSOHV (OHFWULFLW\ OLJQLWH FRDO RLO QDWXUDO J

1RQ &RPPHUFLDO (QHUJ\

7KH HQHUJ\ VRXUFHV WKDW DUH QRW [RWD IDO®EDFH LU W K+
FRPPHUFLDO HQHUJ\ 1RQ FRPPHUFLD®XHRHIN\I MRKUERIY LF
DJULFXOWXUDO ZDVWHV ZKLFK DUH W WD B LSWLLFFGID ODN G DHW
KRXVHKROGY 7KHVH DUH DOVR FDOOHIBQWUDGLWRRWEQ LX
DFFRXQWLQJ ([DPSOH )LUHZRRG DJUR ZDZDWWHUQKHRWRQ
JHQHUDWLRQ IRU GU\LQJ JUDLQ ILVK DQGHVEKXQWYV O DIQ\LLP
LUULJDWLRQ FUXVKLQJ VXJDUFDQH ZL®G HQHUUDWRR QL IW

5HQHZDEOH DQG 1RQ 5HQHZDEOH (QHUJ\

5HQHZDEOH HQHUJ\ LV HQHUJ\ REWDLQEG LIQRK DARMNVIEEHWH
UHQHZDEOH UHVRXUFHV LQFOXGH ZLQG SRDOUSRRIOD D GR 2
SRZHU 7KH PRVW LPSRUWDQW IHDWXUH RQUMQHGDAEMWKRE
KDUPIXO SROOXWDQWYV

1RQ UHQHZDEOH HQHUJ\ LV WKH FRQYHQI/QR QIDO/ |IRKVE® I
GHSOHWH ZLWK WLPH

H GRH Y\
DH B ULLC
KHP

Q WKF

UR YHIX
FRHKY DV

BN U L

3 X\V WR
R HEHH K
) YA WHRRAL

R W UIRLL
3 USIN VD
ERVW
DI LS| i K
RWRR C
DV HW

BRPPI
DRADV C
KHB H
DRV H !
JD UHHDH

DO ZDR
LQJ Z

W K[DW
H G U RH
N UW K H

DXUHHO O |




BULPDU\ (QHUJ\ 5HVRXUFHYV

&RDO
7KH SURYHQ JOREDO FRDO UHVHUYH ZDV WH\EW HTDGNVRIG WR 1
KDG WKH ODUJHVW VKDUH RI WKH JOREDO UHRKU®B
ZDV WK LQ WKH OLVW ZLWK

2LO
7KH JOREDO SURYHQ RLO UHVHUYH ZDV HVWQBDRVMHG WRDKH
KDG WKH ODUJHVW VKDUH RI WKH UHVHUYXQY S ZURK PODWROQW
*DV

7KH JOREDO SURYHQ JDV UHVHUYH ZDV HWWHWPW\WHGCIQYR EKI
5XVVLDQ )HGHUDWLRQ KDG WKH ODUJHVW VKDUH RI WKH U}k

,QGLDQ (QHUJ\ 6FHQDULR

&RDO GRPLQDWHV WKH HQHUJ\ PL[ LQ ,QG LD UR RKQAHLLE XS\

2YHU WKH \HDUV WKHUH KDV EHHQ RIPPLWMKGDIOQ B DW DM}
SURGXFWLRQ IURP LQ WR LQ 7KHUH RUUDV LEH B {
HQHUJ\ SURGXFWLRQ IURP WR GXULQJ WKH VDPH SHU

&RDO 6XSSO\

,QGLD KDV KXJH FRDO UHVHUYHV DW OHDVWEOH UPRNGIOIYRIQ

7KLV DPRXQWV WR DOPRVW RI WKH ZRUO G HDHMHD
FXUUHQW 5HVHUYH WR 3URGXFWLRQ 5 3 UMDWWVRUYH WV RQW
ODVW RQO\ IRU \HDUV DW WKH FXUUHQW 5 3 UDWLR
5HVHUYHV 3URGXFWLR® K5 3UHMHWILRY UHPDLQLQJ DW WKH
SURGXFWLRQ LQ WKDW \HDU WKH UHVXIOW. QJ UNHR/HH LOYHHQ/J
SURGXFWLRQ ZHUH WR FRQWLQXH DW WKDW OHYHO
,QGLD LV WKH IRXUWK ODUJHVW SURGXFKHS RGN PQ G \O
WKHVH VWDWHV $QGKUD 3UDGHVK SWWIDKBUDBKWKD%RK
"HVW %HQJDO

2LO 6XSSO\

2LO0 DFFRXQWV IRU DERXW RI ,QGLD V WRR\DHO RHOWKH\ W
JX]]OLQJ QDWLRQV LQ WKH ZRUOG $FFRUGLQUUDNDR LRIQH 86
FXUUHQWO\ UDQNHG EHKLQG WKH 8QLWHKGUGWIDUHW VI R L
FRQVXPHG PLOOLRQ WRQQHV RYHU PLOODRDRQRASGGH
SURMHFWHG WR ULVH E\ PLOOLRQ EDUUHOV SHU GD\ ES

1IDWXUDO *DV 6XSSO\

IDWXUDO JDV DFFRXQWYV IRU DERXW SHU FHQW URJIHQAH G
IRU QDWXUDO JDV LV DERXW PLOOLRQ FDX¥EDEOMHEW O HW \ SR1

WKH GHPDQG LV H[SHFWHG WR EH DURXXQG HVRWHLP® WIHX
FXELF PHWHUV

KH 86
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(OHFWULFDO (QHUJ\ 6XSSO0O\

7KH DOO ,QGLD LQVWDOOHG ’H
JHQHUDWLQJ VWDWLRQV X
0: DV RQ IROORZLQJ WD
GHWDLOV Rl WKH VDPH

7KHL
IXFC
+\G

5
7RWDO

Ep o
79

BHFWRU:LVH (QHUJ\ &RQVXPSWLRQ LQ ,QGLD

$YHUDJH HOHFWULFLW\ XVDJH LQ ,QGLD VWDTH PDMRWU KF |
HQHUJ\ FRQVXPLQJ VHFWRUV LQ WK H FRKKH WLUWX D HH $SFODM M {
LQGXVWU\ UHPDLQV WKH ELJJHVW FRQWXMDHH RIQFW R PIHRFH T

(QHUJ\ 1HHGV RI *URZLQJ (FRQRP\

S PIRIH E
DILURBF
) D OHDQ |

(FRQRPLF JURZWK LV GHVLUDEOH IRU GNYHQRSIDD® IRRIXBDMRQRRL
+RZHYHU WKH UHODWLRQVKLS EHWZHHIHUWFRQRPDR GURZWRW @
VWUDLJKWIRUZDUG OLQHDU RQH )RU H[DPGOUWHDYVPIGHQ SQGIMH g
'RPHVWLF 3URGXFW *'3 ZRXOG LPSRVH DQ LQFWRIWHG GHPDQG |




,Q WKLV FRQWH[W WKH UDWLR RI HGQHUHUY G HRDAGHIY WIRWH X D

OY B LW

$ KLJK UDWLR UHIOHFWV HQHUJ\ GHSHQGHOQE® D8 G UR MWK RTXKI
GHYHORSHG FRXQWULHV E\ IRFXVLQJ RQ HQHUHW I RNWHYHOBLQWC

HQHUJ\ WR *'3 UDWLRV DW YDOXHV RI OHVVLMKDRUH PKHKJR

,QGLD V (QHUJ\ 1HHGV

7TKH SODQ RXWOD\ YLV j YLV VKDUH RI HQHRMHHAN Q@ VURF FX H
DYHUDJH RI RI WKH WRWDO ILYH \HDWYWISPWRURXWOD\ LV
20.13% o
18.99% 1857% 19.04%_ 1833% 18.21%
T5.30% 14.49%
12.60% 12.84%
8.00%
v | w | ow | = | w | a | [20’;2 . tzgcln?. il

(1951-56) | (1956-61)  (1961-66) | (1969-74) | (1974-79) | (1980-85) | (1985-90) (1992-97) |(1997- 2002} (2012-17)

2007) 2012)
|%| 1899% 8.90% 12.60% 15.39% 18.57% 20.13% 19.04% 18.33% 14.49% 18.21% 12.84% 20.81%

3HU &DSLWD (QHUJ\ &RQVXPSWLRQ

7KH SHU FDSLWD HQHUJ\ FRQVXPSWLRQ LNWOWBRGRRXNQWUQ
Rl 86% DQG RI WKH ZRUOG DYHUDJH 7KHOS HWRFDW$SR XV D Q
JURZWK LQ HFRQRP\ WKXV LQFUHDVLQJ WKH HQHUJ\ GHPDQ

(QHUJ\ ,QWHQVLW\
(QHUJ\ LOWHQVLW\ LV HQHUJ\ FRQQXRSWLRQ WL WQ LL\D GRU

VWDJH RI WKH FRXQWU\ ,QGLD V HQ®UJ\ LWWHON RW\8 &Y
$VLD DQG WLPHV RI :RUOG DYHUDJH

Q LY
VSHQ

BY D, W
F RQE L

-D3VHV
WML P




/IRQJ 7THUP (QHUJ\ 6FHQDULR IRU ,QGLD
&RDO

&RDO LV WKH SUHGRPLQDQW HQHUJ\ VRXUFH IR[LBR®WHIWDSU
WRWDO GRPHVWLF HOHFWULFLW\ (QHWF H®NMD RGHIUQW, R I Lt
DOWKRXJK QHZ RLO DQG JDV SODQWV DUWKSO BRPHEGD @R D
JHQHUDWLRQ 'HVSLWH VLJQLILFDQW WQ BXHRYHVWKH \ORW
EHWZHHQ HOHFWULFLW\ VXSSO\ DQG GHPWIQEI ARKERW W] B B'D
LPSDFW RQ LQGXVWULDO RXWSXW DQG HFRQRPLF JURZWK

+RZHYHU WR PHHW H[SHFWHG IXWXUH GHPDQG LEMBQY HIQRD
BURGXFWLRQ FXUUHQWO\ VWDQGY DW DURXQGV HPIIOPWRG
WKDQ GRXEOH E\ ,QGLDQ FRDO LV W\SLFD/ORERIERR
LPSURYH WKH TXDOLW\ &RDO LPSRUWNDDLMOWROYRWQLNVH\GL Y
JHQHUDWLRQ UHTXLUHPHQWYV

2L0

,QGLD V GHPDQG IRU SHWUROHXP SURGXFWVLIQ/ OLNH®R VD

PLOOLRQ WRQQHV LQ DFFRUGLQJ WR SURMHFY
GRFXPHQW SXWV FRPSRXQG DQQXDO JURZWK WREBW HR RHV BV L
RLO SURGXFWLRQ LV OLNHO\ WR ULVH PDUJLWROO\ IRIRPOL
E\ WKH HQG RI WKH WK SODQ SHULRG R Q,DIGAVDH\Q W E

IlURP LQ WKH V WR FXUUHQWO\ 6DPH LV H[SHFWRG
,QGLD V WRWDO RLO GHPDQG E\ KDV WR EH PHW E\ LPSH
1DWXUDO *DV

,QGLD V QDWXUDO JDV SURGXFWLRQ LV OLNHOWWR ULVRBALI

FPSG LQ W LV PDLQO\ EDVHG RQ WKH S/WMWRUIGHXFIMWLR @ |
RSHUDWRUV WR PP FPSG
(OHFWULFLW\

,QGLD FXUUHQWO\ KDV D SHDN GHPDQG VKRUWDJH.RH ®IURIX
LQ YLHZ DQG WR PDLQWDLQ D *'3 JURVV GRPHVWLHGQWRRIX,
KDV YHU\ SUXGHQWO\ VHW D WDUJHW RI 0: SRZMAK P H
R 0: DV RQ ODUFK WKDW LV D FDSDFLWWDGGHWUWU
WKH DUHD RI QXFOHDU SRZHU WKH REMHFWH@HUDWWRQD FR&
\HDU
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(QHUJ\ TURP %LRPI

B /HFWXUH



RSLFV

QWURGXFWLRQ
%LRPDVV &RQYHUVLRQ 7HFKQRORJLHYV




l OQOWURGXFWLROQ

% LRPDVV LV D UHQHZDEOH HQHUJ\ UHVRXUFH GHULYHG IURP
WKHUERQDFHRAXYROVRXYVY KXPDQ DQG QDWXUDO

DFWLYLWLHYVY W LV GHULYHG IURP QXPHURXV VRXUFHYV
LQFOXGLQJ WKH E\ SURGXFWYV IURP WKH WLPEHU LQGXVWU\
DJULFXOWXUDO FURSYVY UDZ PDWHULDO IURP WKH IRUHVW PDM
SDUWV RI KRXVHKROG ZDVWHDQG ZRRG

%LRPDVV LVDQ\ VRUW RI YHIHWDWLRQ WUHHYV JUDVVHV SODC
SDUWV VXFK DV OHDYHVY VWHPV DQGWZLJV DQG RFHDQ SODQW
JURP LW ZHFDQ H{WUDFWD ZHDOWK RIVWRUHG HQHUJ\



l OQOWURGXFWLROQ

'XULQJ SKRWRV\QWKHVLV SODQWY FRPELQH FDUERQ
GLR[LGHIURP WKHDLUDQG ZDWHU IURP WKH JURXQG
WR IRUP FDUERK\GUDWHYV ZKLFK IRUP WKH EXLOGLQJ
EORFNV RIELRPDVYV

7KH VRODU HQHUJ\ WKDW GULYHV SKRWRV\QWKHVLV LV
VWRUHG LQ WKH FKHPLFDO ERQGV RI WKH VWUXFWXUDO
FRPSRQHQWY RI ELRPDVV I ZH EXUQ ELRPDVYV
HIILFLHQWO\DQG HIWUDFW WKH HQHUJ\ VWRUHG LQ WKH
FKHPLFDO ERQGV R[\JHQ IURP WKH DWPRVSKHUH
FRPELQHYV ZLWK FDUERQ LQ WKH SODQWV WR SURGXFH
FDUERQ GLR[LGHDQG ZDWHU

7KH SURFHVV LV F\FOLF DQG UHQHZDEOH EHFDXVH
WKHFDUERQ GLR[LGHLVWKHQDYDLODEOH WR SURGXFH
QHZELRPDVYV

%HFDXVH WKH UHOHDVHG FDUERQ GLR[LGH LMQXWHKBVE\VJEBREGY SO
FDUERQ GLR[LGH SURGXFHG RU UHOHDVHG QR QHW DRPRY SEKXW HR
GLR[LGH HPLVVLRQV



l OWURGXFWLROQ

JROORZLQJY DUH WKH PDMRU ELRPDVV URQEULGJH 8QLWHG .LQJGRI

DSSOLFDWLRQV LWK O: FDSDFLW\ WKH ,URQI

ORFDWHG LQ WKH G6HYHUQ *RU
%LRSR2H%XUQLQJ ELRPDVV EL”HVRV;’(VEOL\REDFVRVDCS)FTfUﬁng,
GLUHFWO\ RUFRQYHUWLQJLW LQWR JDVE%@%%OOHG CheDRLWL R (

RU OLTXLG IXHOV WKDW EXUQ PRUH <Opow zHUH FROYHUWHG IRL
HIILFLHQWO\ WR JHQHUDWH HOHFWULFLWIQHUDWLRO LO

WLELRIZKARWYYHUWLQJ ELRPDVV LQWR
OLTXLGIXHOVIRUWUDQVSRUWDWLRQ

WLRSURGGRQYHUWLQJ ELRPDVYV

LOQWR FKHPLFDOV IRU PDNLQJ SODVWLFV
DQG RWKHU SURGXFWV WKDW W\SLFDOO\ DUH
PDGHIURP SHWUROHXP



LRPDVV &RQYHUVLRQ 7THFKQRORJL

$ ZLGH UDQJH RI WHFKQRORJLHV KDYH EHHQ
GHYHORSHG WR XWLOLVH WKH ELRPDVV UHVRXUFH
7KHVH YDU\ IURP GLUHFW FRPEXVWLRQ LOQ
EXUQHU VIVWHPY WR WKH SURGXFWLRQ RIPRUH
DGYDQFHG ELRIXHOV VXFK DV S\URO\VLV
WKURXJK D YDULHW\ RI SURFHVVLQJ
WHFKQLTXHV
%LRPDVV LV FRQYHUWHG WR HQHUJ\ WKURXJK
YDULRXV SURFHVVHV LQFOXGLQJ 'LUHFW
FRPEXVWLRQ EXUQLQJ WR SURGXFH KHDW ,Q
JHQHUDO WKH FRQYHUVLRQ WHFKQRORJLHV XVHG
DUH
f 7TKHUPRFKHPLFDO MRRYHUVLRQ
SURGXFH VROLG JDVHRXV DQG OLTXLG
IXHOV
f %LRFKHPLFDO WRQOSURGBXRH
OLTXLG DQG JDVHRXV IXHOV




LRPDVV &RQYHUVLRQ 7THFKQRORJL

&RPEXVWLRO 7KHUPRFKHPLFDO F

&RPEXVWLRQ LV DQ HIRWKHUPLF FKHPLFDO UHDFWLRQ LQ ZKLFK
ELRPDVV LV EXUQHG LQ WKH SUHVHQFH RI DLU ,Q WKLYV SURFHVYV
FKHPLFDO HQHUJ\ ZKLFK LV VWRUHG LQ WKH ELRPDVV LV FRQYHUW
LQ WKH PHFKDQLFDO DQG HOHFWULFDO HQHUJLHYVY 7KLV SURFHVYV
VXLWDEOH IRU GU\ ELRPDVVY FRQWDLQLQJ PRLVWXUH OHVV WKDQ
%LRPDVV LV EXUQHG DW WKH WHPSHUDWXUH RI f& 7KLV
SURFHVV LV XVHG IRU GRPHVWLF DSSOLFDWLRQV DV ZHOO DV

FRPPHUFLDOO\ LQ ELRPDVV SRZHU SODQWYVY LQ RUGHU WR SURGXF
HOHFWULFLW\




%LRPDVV &RQYHUVLRQ 7THFKQRORJL

*DVLILEDWLROQ (KHUPRFKHPLFDO F

*DVLILFDWLRQ LV D SURFHVV WKDW H[SRVUMY DYROLG IXHO WR KL
OLPLWHG R[\JHQ WR SURGXFH D JDVHRXV IXHO 7KLV LV DPL[RI JDV
PRQR[LGH FDUERQ GLR[LGH QLWURJHQ K\GURJHQ DQG PHWKDC
SURGXFHU JDV

*DVLILFDWLRQLVY FRQGXFWHG LQ D FORYXHGHRKKORPEAHU FDOOHG JDVL
GLITHUHQW VHFWLRQVLQVLGHDJDVLILHU

'U\LQJ
%LRPDVV IXHOV FRQVLVW RI PRLVWXUH UDWXUQJIRURP WR $W WK
DURXQG f& WKHZDWHULV UHPRYHGDQG FRQYHUWHGLQWR VWHTE

S\ URO\VLYV

3\ URO\VLY LV WKH WKHPDO GHFRPSRVLWLRQ RI ELRPDVV IXHOV L
R[\JHQ 3\URO\VLV LQYROYHV UHOHDVH RTYMKUBRANLQGYV RI SURGXF
JDVHV 7KHWHPSHUDWXUHLQ WKLV ]RQHLY ZLWKLQ f& WR f &



%LRPDVV &RQYHUVLRQ 7THFKQRORJL

*DVLILEDWLROQ KHUPRFKHPLFDO F
&RPEXVWLRQ

L, QWURGXFHG DLU LQ WKH FRPEXVWLRQ JRQH $LU FRQWDLQV EHYV
ZDWHU YDSRXUV LQHUW JDVHV VXFK DV QLWURJHQ DQG DUJRQ 7K

FRQVLGHUHG WR EH QRQ UHDFWLYH ZLWKHWYHO FRQVWLWXHQWYV
SODFHDW WKH WHPSHRUDWXUH RI

SHGXFWLRQ

,Q UHGXFWLRQ JRQH D QXPEHU RI KLIJK WHPSHUDWXUH FKHPLFL

UHDFWLRQV WDNH SODFH LQ WKH DEVHQFH RI R[\JHQ WR SURGXFH
OHWKDQH

7KHUHYDWHRXYV W\SHV EXWDRDLAHBY WKHP DUH DV
IROORZLQJ

D'RZQG UWDMWLILHU

ESSGUDDWLILHU

F&URVV GN\DUW HU



l WLRPDVV &RQYHUVLRQ 7THFKQRORJL
“DVLILEDWLROQ 7TKHUPRFKHPLFDO F



LRPDVV &RQYHUVLRQ 7THFKQRORJL
*DVLILFDWLRO 7TKHUPRFKHPLFDO F

- RZQGUDIW 8SGUDIW &URVV GUDIW

%LRPDVV LV LQWURGX%ERBDNJ\R PR WKHGWURSE XFH G LR WKHVWRSVDRGXFHC
DQG PRYHV GRZQZDURRYHW GRZQZDUG DDLU LWRWURBEBXBRHOG UBN DNLKH V
LOWURGXFHG DW WKHERWBRFPQBQI® REARZV XSZDERBWWRPHDQGB\LQRZYV DFUR
GRzZQzZDUG 3URGXFHRFIIMDXWVYV3URGXFHU JDV LG UHLVQU DRAKFHK G VD W UR IGEK RAHF
HIWUDFWHG DW WKH ERWWRP RSSRVLWH WKHDLU QR]]O

7DU SDUWLFXODWHY &DOWKKIH S ORIGKIEFKHU PRLEGWPSIOHEWRRDGWHVLJIQ

JDV LV ORZHU f+LJKHU WHPSHUDWXUH BB GRENMUIRF VRPHO DWLR
WR[LQV PLQHUDOV PHWMIRZWU WHPSHUDWXUH D
t+LJKHU WDU FRQWHQW  OHVV H[SHQVLYH FRQVW

=l +)HHG VL]H OLPLWV #)HHG VL]H OLPLWYV + &8RPSOLFDWHG WR RSHU
*® 1 6FDOH OLPLWDWLRQ@+LJK WDU \LHOGV $+)RUPV VODJ

g t/RZ KHDWLQJ YDOXH 6FDOH OLPLWDWLRQV 1+LJK FDUERQ FRQW
= |+t ORLVWXUH VHQVLWLYRZ KHDWLQJ YDOXH JDV

|




%LRPDVV &RQYHUVLRQ 7THFKQRORJL
S\URO\V LV (KHUPRFKHPLFDO F

3\ URO\VLV LV WKH EDVLF WKHUPR FKHPLFDO SURFHVV IRU
FROQYHUWLQJ VROLG ELRPDVV WR D PRUH XVHIXO OLTXLG
IXHO FRPPRQO\ FDOOHG D ELR RLO 7KLV ELR RLO FDQ

EH XVHG LQ H[LVWLQJ RLO ILUHG EXUQHUV ZLWK YHU\
OLWWOH DGMXVWPHQW WR JHQHUDWH KHDW HOHFWULFLW\
/KH SURFHVV LQYROYHV KHDWLQJ VROLG ELRPDVV WR D
WHPSHUDWXUH ®RI DQRXIQ®E DEVHQFH R

R[\JHQ 7KLV IRUFHV WKH YRODWLOH VXEVWDQFHV RXW RI
WKH ELRPDVV OHDYLQJ D VPDOO TXDQWLW\ RI VROLG
ELRPDVV FKDU 7KH YRODWLOHV DUH WKHQ FROOHFWHG LQ
OLTXLGIRUP DV WKHELR RLO




%LRPDVV &RQYHUVLRQ 7THFKQRORJL

'LIJHVWLRQ WLRFKHPLFDO FRC

%LRPDVV GLJHVWLRQ ZRUNV E\ WKH DFWLRQ RI
DQDHURELF EDFWHULD 7KHVH PLFURRUJDQLVPV XVXDOO\
OLYH DW WKH ERWWRP RI VZDPSV RU LQ RWKHU SODFHV
ZKHUH WKHUH LV QR DLU FRQVXPLQJ GHDG RUJDQLF
PDWWHU WR SURGXFH DPRQJ RWKHU WKLQJV PHWKDQH
DQG K\GURJHQ

‘'H FDQ SXW WKHVH EDFWHULD WR ZRUN IRU XV %\
IHHGLQJ RUJDQLF PDWWHU VXFK DV DQLPDO GXQJ RU
KXPDQ VHZDJH LQWR WDQNV + FDOOHG GLJHVWHUV DQG
DGGLQJ EDFWHULD ZH FDQ FROOHFW WKH HPLWWHG JDV WR
XVH DV DQ HQHUJ\ VRXUFH 7KLV FDQ EH D YHU\
HIILFLHQW PHDQV Rl H{WUDFWLQJ XVDEOH HQHUJ\ IURP
VXFK ELRPDVV + XS WR WZR WKLUGV RI WKH IXHO HQHUJ\
RIWKHDQLPDO GXQJLV UHFRYHUHG




LRPDVV &RQYHUVLRQ 7THFKQRORJL

YJHUPHOWDWLRO %LRFKHPLFDO FRC

7KLV SURFHVV FDQ EH XVHG RQ FHUWDLQ VXJDU
SURGXFLQJHQHUJ\FURSVY WR SURGXFH HWKDQRO
DVLPSOH DOFRKRO ,W XVHV DVLPSOHDQG ZHOO
HVWDEOLVKHG PHWKRG \HDVW LV DGGHG WR WKH
ELRPDVV DQG WKH PL[WXUH LV WKHQ DOORZHG WR
IHUPHQW XQGHU VSHFLILF FRQGLWLRQV 7KH
UHVXOWLQJ EUHZ LV WKHQ GLVWLOOHG WR SURGXFH
ELR HWKDQRO 7KLV FDQ EH XVHG RQ LWTV RZQ

LQ VSHFLDOLVHG FRPEXVWLRQ HQJLQHV RULW FDQ
EHPL[HG ZLWK SHWURO WR SURGXFH JDVRKRO
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UNIT Il INTERMEDIATE CODE GENERATION
INTRODUCTION

The front end translates a source program into amnwhntcbrmedia
the back end generates target code.

Benefits of using a machine-independent intermediate form are:

1. Retargeting is facilitated. That is, a coampblercfeatadidfferent
attaching a back end for the new machine to an existing front e

2. A machine-independent code optimizer can be apipmned to the

Position of intermediate code generator

parse| | static| | intermedi{ !Nte€rmef co5qe
checke code gene genera

|

code

INTERMEDIATE LANGUAGES

Three ways of intermediate representation:
0- Syntax tree
0- Postfix notation
0- Three address code

The semantic rules for generating three-adageamnddge |&rogu agean
constructs are similar to those for construatimg pystlax tretagion.fo

Graphical Representations:
Syntax tree:

A syntax tree depicts the natural hierarcdhipabgsarmagédre of
(Directed Acyclicgbraaphhe same information but in a more comg
common subexpressions are identified. A sgngamdndes bat@ nekaigt for
b *-c + b &recas follows:



assign assign

PN AR
N (D
b/ \ ﬁln\us b uminé b

C C c

(a) Syntax tree (b) Dag

Postfix notation:

Postfix notationis a linearized represetntatao hitf caf $gataw de
the tree in which a node appears immeldiat@lysidikemataticdnldoe nt
syntax tree given above is

a b cuminus * b c uminus * + assign
Syntax-directed definition:

Syntax trees for assignment statemesyistaxedprecdededebiyitha
Non-terminal S generates an assignment epetreah@nmst.+Thadtwoabd
examples of the full operator set in a agpbccabhtliangeagandOpeaacdr
are the usual ones, even though they have nothiseeefiputionto

constructs the tree from the input a : = b *-c + b*-c.
PRODUCTION SEMANTIC RULE

SGaid : = E S.nptr : = mknode( assign ,mkleaf(id, id.pl
Eda B+ & E.nptr : = mkna.chg(trs NP Er )

EdA B * E E.nptr : = mkne.che( 13, nEpEr )

Eda - B E.nptr : = mknode¢omtimus , E

Eda ( &) E.nptr .-nptE

Eda id E.nptr : = mkleaf( id, id.place )

Syntax-directed definition to produce syntagrnmeads for assignme|



The tokdhms an atprlidoabat points to the symbol-table entry for
A symbol-table entry can be founldafmemne pre sd hitilmgtéhe lexeme ass
with that occurirehfcetbé& lexical analyzer holds albhrlreyemes in
characters, themaatgrghhutbe the index of the first character of the

Two representations of the syntax trele modadsfoHpmes.e hrte(d)a
record with a field for its operator andsadditisncailfdeéds far(pd, nr
are allocated from an array of recordofanilethedeadexvers mesthienp
to the node. All the nodes in the syntapwireg gaimteesyisitberdi by fi
the root at position 10.

Two representations of the syntax tree

assig!n ! aa id ! !

T T

v 1 id | |

id | |

I 2 uminqs |

l l‘ : . I I

+ | | Ny | |

/ id | |

| |

A\ 4 I A\ 4 E |d | |
o o

v v s umindls I|

id | id | i R I I

. g )

umin:ulsI umiduls fs + | |

| | g id | |

id id | |

| | : |

1 a35|g:n |

(a) (b)
Three-Address Code:
Three-address code is a sequence of statements of the general fc
X : “opz

where x, y and z are names, constants, oriempgtded-gdoerangd t
operator, such as a fixed-or floating-panbairdal nog@td cabdgre vait dro ol
valued data. Thus a source language expresseadnhihkeaxstegtiznoegh

t: = vy *z
L: = X1 + t

whernendatre compiler-generated temporary names.



Advantages of three-address code:

0d The unraveling of complicated arithmetic ebopwesfsimonstrahd

statements makes three-address code desmnealatéomorantédrge
optimization.

00 The use of names for the intermediate valualdoevsmplurtea- by
address code to be easily rearranged wunlike postfix notation

Three-address code is a linearized ragreeenhatdag om & hsigih
explicit names correspond to the interior nadérsee fanhle dgrgp pdre

represented by the three-address code sagappeas.dVreerdallyldnn amr
address statements.

Three-address code corresponding to the syntaxtree and dag ¢

L: = -¢ 1: =-C t
b: = b, * t tb: = by * t
t: = -¢ 51 =t t
b = bs * t a 5t
5: =2 + 4t
a =5 t

(a) Code for the syntax tree (b) Code for the dag

The reason for the term three-addresemeoode usigsatlyatcerat@instdhb
addresses, two for the operands and one for the result.

Types of Three-Address Statements:

The common three-address statements are:

1. Assignment statemenxs: efophewfloeaeis a binary arithmetic or lo
operation.

2. Assignment instructixns eqpf, twé ebgirsna unary operation. Essentia
operations include unary minus, logical negatioon epeftabprerat:
that, for example, convert a fixed-point number to a floating-po

3.Copy statexhdhes hormwhere the walkuassfigmked to

4. The unconditional jump goto L. The thred-hdidrebe staxt mee rote
executed.

5. Conditional jumifgs salolpog®. LThis instruction applies a relatione

<, =, >=, exandg, tond executes the statementxstidhdlabkialrielaebotni



relop tolfynot, the three-address stateehegmdybollowieageiduted nex
as in the usual sequence.

6.paramanxdall pfom procedure retilsnayidere y representing a return
is optional. For example,
param X
param X
param X
call p,n
generated as part of a call ofxtl&e ;pxrocedure p(x

7. Indexed assignments of the form x : = y[i] and x[i] : = vy.

8. Address and pointer assignments of the form x : = &y , x : = *y
Syntax-Directed Translation into Three-Address Code:

When three-address code is generatedddeempdparyhepaimeesria
nodes of a syntax treedFdexeamptile ,of code Eonew sluratetemporary
t, followed by theidplsagetnent

Given input a : =b *-c + b *-c, the three-address code is a
synthesized &Stwordimugeesents the three-address c&de for the assign
The nontemhianaltwo attributes :
1.E.plactthe name that will hddathde value of
2.E.codehe sequence of three-address.statements evaluating

Syntax-directed definition to produce threeeadsiress code for

PRODUCTION SEMANTIC RULES
Sdaid : = E S.code ||lgeB(cdb.dpdace := E.place)
EdaE + E E.place := newtemp;

E.code i .col{,.codgen(E.placea.plac& ,Hpl&ce)

EdaE * & E.place := newtemp;
E.code i .colle,|¢tode || gen(E.platace s*pE&ce)

Eda- & E.place := newtemp;
E.code i :cokle || gen(E.place ji=plaxmeinus E

Eda( &) E.placei:p¥aEe;
E.code j.cole

Edaid E.place : = id.place;
E.code : =




Semantic rules generating code for a while statement

S.begin:
<_
E.code
if E.place = 0 gotg—S$——=after
S.code
goto S.begin
S.after: <
PRODUCTION SEMANTIC RULES
Séa whiled oS S.begin := newlabel;
S.after := newlabel;
S.code := gen(S.begin : ) ||
E.code ||
gen ( if E.place = 0 goto S.
S.code ||

gen( goto S.begin) ||
gen ( S.after )

00 The funchneomtemegturns a sequence of dis&inctnnaas@ontse to
successive calls.

0 Notatigen(x := yistuwed to represent three-address statem
Expressions appearing instead yori deae adov abu ditkead when passe
genand quoted operators or operand, like + are taken litera

0d Flow-of control statements can be added nosthehkacdgdagforof
dawhilEdoS is generated using rmeweagimbbafteasr mark the first
statement in thEBana@dehéostatement following the code for S, r¢

00 The funchneomlabetturns a new label every time it is called.

0 We assume that a non-zero expressiowheprelsentakdeu®;f th
becomes zero, control leaves the while statement.

Implementation of Three-Address Statements

A three-address statement is an abstcadt.fommao€toimietere
these statements can be implemented he bp@eocedsrwanhd ftileéds pferra
Three such representations are:



0 Quadruples
od Triples
od Indirect triples
Quadruples:
0 A quadruple is a record structure wiap,fouylfiid@&suwhich are,

0 Thepfield contains an internal code for the dpéeemtomt =The thr
y opig represented piyapglgkimggandadinresult.

00 The contents of fields argl, arg2 and resulteasy moalmtedbyep
entries for the names represented pgrargseameld snuldt sloe eerne
into the symbol table as they are created.

Triples:

0 To avoid entering temporary names into tler styomd dle tapgdearw e
value by the position of the statement that computes it.

odIf we do so, three-address statements can be regrdissddsed by
op, argnldrg?2.

00 The fieddgdnadrg2for the arguopentse efther pointers to the sym
or pointers into the triple structure ( for temporary values ).

0d Since three fields are used, this intermediggbesode format is

op argl arg?2 result op argl z
(0) uminus q 1 t (0 uminus C
(1) * 1 b b t(1 * b (0)
(2) uminus C 3 t (2 uminus C
(3) * 3 bt b t (3 * b (2)
(4) t 2| ut % (4 + (1 (3)
(5) 3 a t (5)) asslign a (4)
(a) Quadruples (b) Triples

Quadruple and triple representation of thyieve-addmases statem



A ternary operation like x[i] : = y hequirgle tsMouenureesasirshiown a:

while x : = y[i] is naturally represented as two operations.
op argl argz2 op argl
(0) []1= X i (0) =[]
(1) assign (0) y (1) assign
(a) x[i] : =y

Indirect Triples:

0d Another implementation of three-address code isrtathttof listin
than listing the triples themselves. This impigleentation is ca

0 For example, let us use an array statement taddsompdeinters to
Then the triples shown above might be represented as follows

statement op
(0) (14) 14) uminus C
(1) (15) 15) * b (14)
(2) (16) (16) uminus c
(3) (17) 17) * b (16)
(4) (18) (18) +
(5) (19) 19) assign a (18

Indirect triples representation of three-address statemel

DECLARATIONS

As the sequence of declarations in a proceduwren dayblowtk is
storage for names local to the procedureedier eaymboctalablement
with information like the type and the rge¢atovetlae dreame.oThé eralta
address consists of an offset from tlmeabaseahof fikeddsfati¢codatadat:
activation record.



Declarationsin a Procedure:

The syntax of languages such as C, Pascal and Horaran, allov
single procedure to be processed as a group.ybffgeidsanalseeepa glob
track of the next available relative address.

In the translation scheme shown below:
od Nonterminal P generates a sequence od declarations of the fc

od Before the first declaratiohfdiest serisidededs each new name |
that name is entered in the symbol tablerewnithv @lfibdéddequal tc
andffsistincremented by the width of the data object denoted

0d The procedtee( name, typereatbeseta symbol-tabipegivery ifter
typeyp&nd relativeodtisleests data area.

0 Attribtypeepresents a type expression construicittedamrdm the
reaby applying the type podnsanudatoayIf type expressions a
represented by graphstypheeighattrebat@ointer to the node repr
type expression.

08 The width of an array is obtained by multimheimtg btyhethwidth
number of elements in the array. The width of each pointer is

Computing the types and relative addresses of declared na

P da D { offset : = 0
DdaD ; D
Ddaid : T { enter(id.nam
offset : = offset + T.width }
Tdainteger { T.type : = integer;
T.width : = 4 }
Tdareal { T.type : = real;
T.width : =8 }
Tdaarray [ num ] of T { T.type : = array{nype)al, T
T.width : = numwidtiX T
Tday T { T.type : = paiypeer)( T
T.width : = 4 }



Keeping Track of Scope Information:

When a nested procedure isseen, processosgngfpdeckaarteonss
temporarily suspended. This approach will bentidusutasedo btyheac
following language:

Pda D
DdaD ; Did: Tpjroc jidD ; S
One possibleimplementation of a symbol table is a linked list of e

A new symbol table is created when dfppoae Of Gasdeeékar,ation
and entries for the dealreratieatedni® the new table. The new tabl
the symbol table of the enclosing procedurida; thselhaimel oeplrasent
enclosing procedure. The only change fromedheer attri@antsniesn tt haft v &
procedanees told which symbol table to make an entry in.

For example, consider the symbol tabbeasréyr pxrxcheduyres
guickspotinting back to that for the comot@dioomgiptiogeddréhe enti
program. [pantdeéiendeclaredqgwithksmoits table pointguiokishoart of

Symbol tables for nested procedures

sort

nil h €

a

X

readarr@y > to readarray
exchange=T—> to exchange

quicksolrt l
readarray exchange quicksort
heade ! heade header
i k
v
partitign
|
A l
partition

header




The semantic rules are defined in terms of the following operatiol

1. mktable(preorimait®)s a new symbol table and returns ahe@ointer |
argumemeéviopsints to a previously created symbol table, pres
enclosing procedure.

2.enter(table, name, typatedfaengw entrgnfier thh@nseymbol table poini
to hhawblAagaientpliaces ttypend relativeodtdeebields within the entr

3.addwidth(tableewoddls) the cumulative width of all thedentries ir
associated with this symbol table.

4.enterproc(table, nantee atewtabne) entry famigrolcedsyrmmabol table
pointed ttmabdeThe argumrewnalpleints to the symbol table for this
name

Syntax directed translation scheme fornested procedures

PdaM D { addwidth ( top( tblptr) , to
pop (tblptr); pop (offset) }

Mda [ {t: = mktable (nil);
push (t,tblptr); push (0,offset) }

DaéDl; @

Ddaproc id ;;NSD {t: =top (thlptr);
addwidth ( t, top (offset));
pop (tblptr); pop (offset);
enterproc (top (tblptr), id.name, t) }

Ddaid : T { enter (top (tblptr), id.nam
top (offset) := top (offset) + T.width }

Nda [ {t:= mktable (top (tblptr));

push (t, tblptr); push (0,offset) }

0 The stiebdpits used to contain pointersitb, tthe dladdiedsy tfidron
when the declapatioi@menconsidered.

00 The top elemendfbdietttdhek next available relative address for a
current procedure.

0 All semantic actions in the subtrees for B and C in
AdaBC actign

are done hefogat the end of the production occurs. Hence, th
with the marker M is the first to be done.



00 The action for nonterminal Mtbhipitvatthzeas sytabkl table for t
outermost scope, createdhkigbop@rdgiacttion also pushes rel
address 0 onto stack offset.

o Similarly, the nonterminal N umslets btlledtop@Ebd podhdate a new
symbol table. TheompObhpdngs the enclosing scope for the new

0 For each variableid@c¢lanatimtry is ddéemtehdke fourrent symbol tat
The top of stack offset is incremented by T.width.

0 When the action on thdapgbt sdgegNetcurs, the width of all
declarations generaten tthye Dop of stack offsetadidwsidecorded
Stacislpamndffsate then popped.

At this point, the name of the enclosed procedure is entered
enclosing procedure.

ASSIGNMENT STATEMENTS
Suppose that the context in which an assignment apmpanrs is giver
Pda M D
Méa [
Déa D ; Did] T pjroc jdN D ; S
Noa [

Nonterminal P becomes the new start symbol whhemn tthese iprdabdact
translation scheme shown below.

Translation scheme to produce three-address code for assignmeil

Séaid : = E { i namlo)jgkup (

ifp" nthen

emit( p . = E.place)

elserror }
Eda B+ E { E.place : = newtemp;

emit( E.placegplace E;iplaE&e ) }
Eda B * E { E.place : = newtemp;

emit( E.place.plaxeE,plaEe ) }
Eda - B { E.place : = newtemp;

emit ( E.place : =;.plamendy$ E

Eda ( E) { E.pllace } = E



Eda id { p : = loidkugom(e);

ifp™ nthen
E.place : = p
elserror }

Reusing Temporary Names

0 The temporaries used to hold intermediateatialuse steimd ebopre
clutter up the symbol table, and space has to be allocated to

0d Temporaries can be reuswedvtemiphangidg generated by the rul
dakE + Ehas the general form:

evaluatientl t
evaluatenteo t
t 3 +tot

0d The lifetimes of these temporaries are nestead|pke erdtcehsesyg. p

0 Keep a count ¢ , initialized to zero. Whened ars aaheoperraary, r
decrement ¢ by 1. Whenever a new temporaragndameressgemer
by 1.

0 For example, consider the assignment x := a *b + c *d e * |

Three-address code with stack temporaries

statement value of c
0
$0 := a * b 1
$1 := c * d 2
$0 := $0 + 31 1
$1 ;= e * f 2
$0 := $0 - %1 1
X = 3$0 0

Addressing Array Elements:

Elements of an array can be accessed eysitokleyd ifntlae bd berk eo
consecutive locations. If the width of elaehitdires e nedamerdtairgay A
begins in location

base + ( i xlow )

wherndewis the lower bound on thirasisbskteiptelanid/e address of the
allocated for the abwrsys fhheatrabgtive a[ddwgss of A



The expressioncan be partially evaluatedten ccosmpile time if it is
iXw+ paselowx w)

The subexpcresshase xiwoan be evaluated when the declaration of t
We assume that c is saved in the symlhel rabide¢iveentagdirers A of sA[i
obtained by simpkwtodding

Address calculation of multi-dimensional arrays:
A two-dimensional array is stored in of the two forms :
0 Row-major (row-by-row)

0d Column-major (column-by-column)

Layouts for a 2 x 3 array

first row Al 1.21] AT 2,11
Al 1,3 ] Al1l,2] ‘*7
4*7 Al 2.1 ] A[r221 S cond column
second 1 Al 2,2 ] ATl 1,3] ‘{7
L Al 2.3 ] Al2.3] t_i]i_rd column
(a) ROW-MAJOR (b) COLUMN-MA.

In the case ofrow-major form, the;re]latanebadda bcssl aotfe & [biy the for
base t (biWxn+ ., lowxw

wherlboowandoware the lower bounds on atth@é anabuisstioéd number of
values itban take. Thhitghss, the upper bound om,thkeewalhig o f
low+ 1.

Assumingthrad dare the only values that are known at cam@ile time
above expression as

((1Xnp) +H)ixw + ( base 1X(low [oww)
Generalized formula:

The expression generalizes to the following expressi®y for the re

(C . . e@(d) ot 4d) . . «H)ddxw + base (( ame+ (I(dpwe logv . . )
N+ lodww

for all§,hnghHoy+ 1



The Translation Scheme for Addressing Array Elements :

Semantic actions will be added to the grammar :

(1) Pa L : = E
(2) Ba E + E
(3) Ba (E)

(4) Ba L

(5) Ba E|is]t
(6) Ba id

(7) Elda€Elist , E
(8) Eldatd[E

We generate a normal Laissigrsmmeplkteimname, and an indexed assign
location denlodeldebwise :

(1)SsaL : = E {ifL.offsemtuHd ther L is a sdf/ple
emitL.place : = E.place
else
emitL.pladeL.offset : = E.place
(2)EBoakg + E {E.place : = newtemp;
emitE.place i.pla€e L, Ppl&Le
(3)Eda( E) {E.place .pdaig e

When an array kederreechccEd we wanrtvidlaieL.oTherefore we use index
to obtain the contentsLop|tftk. bdtaion

(4)EdaL {ifL.offsetuH therh L is a sdmple
E.place : = L.place
else begin
E.place : = newtemp;
emitE.place . = LLpbactse)
end
(5)LdaEIligt {L.place : = newtemp;
L.offset : = newtemp;
emiL.place : = c(Elist.array));
emiL.offset : = Elist.place * )ywidth (Elist.array
(6)Ldaid { L.placed:place;
L.offsertuld
(7)Elig&Elist E {t := newtemp;
m : = Elndgtml;+
em it = Eklpsace * (Himpirray)m

emit : = t + E.place
Elist.array i.argEhigt



Elist.place : = t;
Elist.ndim}: = m

(8)Eligaid[ E {Elist.arrayplace;

Elist.place : = E.place;
Elist.ndith}: =

Type conversion within Assignments :

Consider the grammar for assignment statenhemes are dlwove,
types real and integer , with integers cosaeyteWeohaealanvoliba
attribeEteéypevhose value risadkerinhegetfhe semanticEriyMmaesforciated
with the proHdacEiens :

EdaE + E {E.type
ifE.type = imeder
E.type = inthesgeateger
elsrea}

The entire semantidamule Bord most of the other productions
modified to generate, when necessary, thhheefard res:s =s tinttd mreeratls
whose effect is to convert integer y toareal of equal value, calle

Semantic actkdaEferk

E.place := newtemp;

iIfE.type = indedeetype = inteegebegin
emit( E.place.ptada@E +tEplace);
E.type : = integer

end

elsebftype = aedd.type =tiheeal begin
emit( E.placepltazedalB.place);

E.type : = real

end

elseEiftype = imtedeetype =tihecad begin
u: = newtemp;

emit( u inttorB&aplace);
emit( E.place re&lEtplace);

E.type : = real

end

elseEiftype = aedl.type =intlegrerbegin
u: = newtemp;

emit( u inttor&apla)xe
emit( E.place.ptazedal 4);
E.type : = real

end

else
E.type : = type_error;



For example, for the input x : =y + i * |
assumxagghave typgland i and j hratee ¢yhpee output would look like

tb: = 0 int* |

t3: = inttgreal t
b: =y rgal+ t
X . 3t

BOOLEAN EXPRESSIONS

Boolean expressions have two primary purposes.iclahey are
values, but more often they are used asatemdhiten bl ae¢ xapltessib a sf
of control, such as if-then-else, or while-do statements.

Boolean expressions are composed oand e dmdodaapppierhtors
to elements that are boolean variableseodatre hatli ®ExXalr &XPirarsss iDMES C
formrelo, wherarkd, &re arithmetic expressions.

Here we consider boolean expressions generated by the following
Eda EorE |&nd& ho€& | ( Ed)relop id | true | false

Methods of Translating Boolean Expressions:

There are two principal methods of representing thewalnee :0of a bo

0 To encode true ranmmdefratacly to evaluate a boolean expression
to an arithmetic expression. Often, 1 is used to denote true a

0dTo implement boolean ébopweasfsicoomsthtay is, representing the va
boolean expression by a position reached in aicptaglnam. TI
convenient in implementing the boolean expremeiotss smudhow -
as theif-then and while-do statements.

Numerical Representation

Here, 1 denotes true and O denotes false. ExmpdesedbynSreml b
left to right, in a manner similar to arithmetic expressions.

For example

0d The translation for
aorband not
is the three-address sequence

L: ot
L :$nd1
L =0t

0 A relational expression such as a<b is equivalent to the con
if a < b then 1 elseO



which can be translated into the three-address lgositarstequenc
statement numbers at 100) :

100 if a < b goto 103
101 t: =20

102 goto 104

103 t: =1

104

Translation scheme using a numerical representation for

Eda E; o r& { E.place : = newtemp;

emit( E.place.ptazserBe.place )}
EdaE and { E.place : = newtemp;

emit( E.placeptazsenE kR.place )}
Edanog { E.place : = newtemp;

emit( E.placeot Eplace )}
Eda( E) { E.place.place }

Edaidrelop;id

{ E.place : = newtemp;
emit(idiplacelaoappid.placgotonextstdf +
emit( E.plac® );=

emigotmextstat +

emit( E.placéd ) :}=

Edatrue {E.place : = newtemp;
emit( E.plack) } =
Edafalse { E.place : = newtemp;

emit( E.plac@) } =

Short-Circuit Code:

We can also translate a boolean expressworhontogehrersatadgr
code for any of the boolean operators and witheuwtlluaten gheh e ndord

expression. This style of evaluatishoist-<ontalftjumegicglddd.

It is

possible to evaluate boolean expressionshwithoolie gre ngradangrsod
orandotif we represent the value of an expression by a position in

100
101 ;:
102
103 z:
104
105 ;:

106

Translation of a < b or ¢c < d and e < f

if a < bgoto 103 ,: =1 107 : t

20 108 : if e < f goto 11
goto 104 3. 409 @ t

£ 1 110 goto 112

if ¢ < dgoto 107 3: =1 111 : t

£+ 0 112 =,8nad t

goto 108 5. H3 4t 0t



Flow-of-Control Statements

We now consider the translation of boolean expdesigiothe int
context of if-then, if-then-else, and while-g@nstateoh éonyt & hseu ¢l laosw
grammar:

Soa ifEthebB
| iIfEtheB els®
| w liEid S

In each of these |cricdulcdiBo®,lean expression to be translated. In
assume that a three-address statementelean &eredsymaldoticealfynical
newlabetlurns a new symbolic label each time it is called.

0d E.true is the label to which control flowis itth& limberlueq wimdcE
control flows if E is false.

00 The semantic rules for translating a fSowltlofwcaontrtaoblstatd hoe
from the translation S.code to the three-addrdsbklomistgucti
S.code.

0dS.next is a label that is attached tomsthecfiost ttd reeee -eaxdedcrietsed
the code for S.

Code for if-then , if-then-else, and while-do statements
toE.true
E.code| >
_| teE.false
E.code | toE.true E: S.code
E.trudg S.code P& .false gots nexd
E.fal S.code
E.fals|e
S.nelxt <
(a) if-then (b) if-then-else
S.beg E.code | toE.true
] PoE .false
E.tru S.code
got8.begi
E.falde:

(c) while-do



Syntax-directed definition for flow-of-control statements

PRODUCTION

SEMANTIC RUL

SSaifEthef

SSa ifEthef els®

Sa whiledoS

E.

E

S.

S

Oy, mm

wymmmo

true : = newlabel;

.false : = S.next;

next: = S.next,

.code : = E.code || gend&adeue : ) || S

.true : = newlabel;

.false : = newlabel;

.next : = S.next,;

.next : = S.next,;

.code : = E.code || gaencadede : ) || S
gengotoS.next) ||
gen( E.false.cod¢g| S

.begin : = newlabel;

.true : = newlabel;

.false : = S.next;

.next : = S.begin;

.code : = gen(S.begin : )||E.code ||

gen(E.true;.cqdld H
gengJotoS.begin)

Control-Flow Translation of Boolean Expressions:

Syntax-directed definition to produce threeenaddress code

PRODUCTION

SEMANTIC RUL

Eda E orE

Eda B ands

Eda no &

Eda ( E1 )

E.

mq o m

m@mommm

E.
E.
E.

true : = E.true;

.false : = newlabel;

.true . = E.true;

.false : = E.false;

.code i.coete || Qa6 : . )O|ldE
.true : = newlabel;

.false : = E.false;

.true : = E.true;

.false : = E.false;

.code j.cole || gE'EE : ;) c|ddE
true : = E.false;

false : = E.true;

code j.cole

1.tHue : = E.true;



E..false : = E.false;
E.code j.cole

Edaidrelop;id E.code : @fgdplaceloppd.place
gotd&.true) [lgged.fa)se

Edatrue E.code : gged(true)

Eda false E.code : mgeay.false)

CASE STATEMENTS

The switch or case statement is availabllehien sawvtecrh es yaod nhamg u

syntax is as shown below :
Switch-statement syntax

switehkpression
begin
caswaluestatement
caswaluestatement

caswaluestatement
default :statement
end

There is a selector expression, which isytoc dmes earatl waatleudke,s fo
that the expression might take, includinigvaydereaatith evsathhe exipiros
if no other value does. The intended translation of a switch is co

1. Evaluate the expression.
2. Find which value in the list of cases is the same as the value
3. Execute the statement associated with the value found.

Step (2) can be implemented in one of several ways

0By a sequence of gotwtlatiomahts, if the number of cases is sm

0d By creating a table of pairs, with eadbepanrdcaraisdinfgrofha
of the corresponding statement. Compiler gbpevataes afloloe t
expression with each value in the table. If ndamtgtemtry fisun
sure to match.

0 If the number of cases s large, it is efficientto construct a h

00 There is a common special case in which an efficbeahdamplem:¢
exists. If the values all lie in someo ginadhdathge ns@mpeir of
different values is a reasoRalilg fhaatiwae o&n construct an al
labels, with the label of the statemenft tflog wveald lUee witih Ofésent
iminand the label for the default in entries nortmfisheidcbitherw



evaluate the expression to ghtahedketivalualwd is within ran
transfer to the table gmniry at offset j-i

Syntax-Directed Translation of Case Statements:
Consider the following switch statement:

switdh
begin
cas\yg:
cas\e:

casw.:
default
end

w4y . @ D

This case statement is translated into intemwediademcode that has
Translation of a case statement

code to evhilnutatd

goto test

Ly : Scode for
goto next

Ly : code Sor

goto next

Ln-1 code Sor

goto next

Ln: Scode for
goto next

test : ivigoto L

if tVsgoto L

if tVesigoto L
goto, L
next

To translate into above form

0 When keywwridiB seen, two neesdladexfind a new tempmoeaary
generated.

0 As exprekssopmarsed, the codEinhdbes gleimeeated. AfteE,processi
the jugopto tissgenerated.

00 As eaxaslkeeyword occurs, ajirsearelabeed land entered into the syn
A pointer to this symbol-table ®ndfycasel ¢basvahieare placed
stack (used only to store cases).



0d Each stateax¥nt Sis processed by emitting the ngwhjilomeaaded I
by the cof8e ffollowed by ghodojumept

00 Then when the ekedpovorichating the body of the switch is found,
generated for the n-way branch. Reading thcea geoisitteeak virlam
the bottom to the top, we can generate a sequehdbeofotihmee-a

case&4 Lg
caseéb Lo

casé&f.1bn-1
case t, L
label next

where t is the name holding the value Bpfangdd ésehecltab ed xforre s
the default statement.

BACKPATCHING

The easiest way to implement the syntaxodererctexipdedssnotnen:
to use two passes. First, construct a syretmxwtriketer trlee impdeépamn
order, computing the translations. The main probldnooheiam gei
expressions and flow-of-control statemeé rotsringaosie gslien pl@spasss tw
not know the labels that control must gemerattstheetgea etiheat g d mhpes
a series of branching statements wpshlelfe uaspetsifoddthe gemerate
statement will be put on a list of goto &ttlaceimldadsimw hwotsen | albe Ipr
label can be determined. We call this sblasxkpuadaahifigling in of labe

To manipulate lists of labels, we use three functions:

1. makef(ilstreates a new list containimdjexnilyto the array of qua
makelisturns a pointer to the list it has made.

2.mer(ep) concatenates the listg podpteerdd toetoyrns a pointer to
concatenated list.

3.backpatchr{peiNts i as the target label for edehlosft theirstadetoe

byp.
Boolean Expressions:

We now construct a translation scheme suitabide Hoolpamducil
expressions during bottom-up parsing. The grammar we use is the

(l1)EGa EiorM E
(2) FrandM E

(3) no&
(4) | Ex)(
(5) jdrelop.id
(6) frue

(7) false
(8) Moa [



Synthesized drturebasttéslsebisthonterBanalused to generate jumping

for boolean expressions. Incomplete jumps with wrofinted taobbls are
E.truedisE .falselist

Consider proEbaceonM EIfE is false Eibealso false, so the statemen:
E..falsebescome pBrtadselliisis true, then we mikstsaethteteasrntget for th

statemBEntsuelmatst be the beginning of theEc ddesgeargreatiesd oflotraine c
using marker noMterminal

AttribMteguadcords the number of theEficet ®tidhethenpreofddaction M
[ we associate the semantic action

{M.quad : = néxtquad

The variabkequaalds the index of the next quadruple to follow.
backpatched @&@ntouethidten we have seen the remain@&dabdnde produ
M E. The translation scheme is as follows:

(l1)EdaEtorM E {backpateEhfalseMsgukrd
E.truelistergB.truelistrue)jst
E.falselzBtfalsellist

(2)EGaEpandM E {backpaltEhtruelist, M,.quad
E.truelist. truelist
E.falselmter@e.falselpsftalEgljst

(3)Edano g {E.truelift.falselist
E.falseldgttruelist

(4)E0a (R) {E.truelig.truejlist
E.falseldtfalselijst

(5)E0didrelop,id {E.truelistakelinsstxtqy;ad
E.falselmmtake(nextquag + 1
em(tifid.placelapp d.plaaceoto )
emigoto ) }

(6)Eddtrue {E.truelistake(nextqyad
emigoto) }

(7)E0a false {E.falselmmtake(nextqyad
emigoto) }

(8)Moa [ {M.quadnextqgad



Flow-of-Control Statements:
A translation schemeis developed for statemegrtsngmaerated by the

(1) SSaifEthes

(2) ifEtheBels®
(3) WhilEedoS
(4) | beginmend
(5) |A

(6) LoeaL ;S

(7) IS

Her8denotes a statenséeamtemermtahisassignment statement, and E a
expression. We make the tacit assumption tlgavethestaddm etrinta ti nf
execution also follows it physically in the egpddaidtpjemagprray.s € lls
provided.

Scheme to implement the Translation:

The nonterminal E hasEtwru adtitedEbicleselicst&also need a list of
unfilled quadruples that must eventually be lceosepledesd adrg Ipack pa
to by the atkrilbetxetnsi.nextbistextilsda pointer to a list of all condi
unconditional jumps to the gquadruple followingrdbe, tamdexnhlesat S in
is defined similarly.

The semanticrules for the revised grammar are as follows:

(1) SsaifEtheM SNelsd, S
{ backpaEchrueMsguad
backpalEcthalseWMysquad
S.nextlmterd®.nextlnseérdd.nexiHate xt))sh

We backpatch the Rimpsuwhteonthe Yugdadphach is the beginning of
code forSBnilarly, we backpatdisjimlpe whemo to the beginning of t
S. The lsshextihistudes all jumpasndySacfwsell as the jumpmpNgenerated |

(2) Noa| {N.nextlistake(hsstxtqyad
em(goto ) }

(3) Moaa [ {M.quadnextqulad

(4) SoaifEtheM $ {backpdEchrueMsgukrd

S.nextlimter@Ee.falseJiante xt)ipt

(5) SsawhildiEdoM, S {backpd&hextlVstquad
backpdEchrueNMsguad
S.nextliBtfalselist
em@itgotdv;.quad}

(6) Sdabeginend {S.nextlilstnextllist



(7) SoaA {S.nextlimth
The assigBmexttlimtinitialiSesextlhsdan empty list.

(8) LeaLL,M S {backpdtecimextIVs.tqukd
L.nextlisSt.nexglist

The statement Epildoavichegr of execution is $h@& hhuesdithmiegtie$tis
backpatched to the beginni$gwafcth escgldegiay

(9) Loéa s {L.nextlisSt.nexglist

PROCEDURE CALLS

The procedure is such an important and frrequdndbcyt tls@d iprice
imperative for a compiler to generate goaddcodeurfos. pTheedwmetic
routines that handle procedure argument meagsantg,ofcdahle @unrd-trmt
support package.

Let us consider a grammar for a simple procedure call statement

(1) Sdacall (HIigt
(2) EIig8Elist , E
(3) EIig&E

Calling Sequences:

The translation for a call includes a calling sa&keumeaoeendrygeql
to and exit from each procedure. The falling areathiemgctequernbat:t

0 When a procedure call occurs, space minsatimen ablocadedf ftdre
called procedure.

00 The arguments of the called procedure must be evalluhted anc
procedurein a known place.

0d Environment pointers must be established to amcabke thataahle
enclosing blocks.

00 The state of the calling procedure must be savedhsocidlcan re

04 Also saved in a known place is the return addaecslletdhe 1o
routine must transfer after it is finished.

0d Finally a jump to the beginning of the code for the called pro
For example, consider the following syntax-directed translation

(1)Sdacall (HIigt
{ forrach ipemgue u®
emitparamp;



emitcalldplage}
(2)Elig&Elist , E

{ appEenmdatoethe eqgdeafe

(3)Elida E
{ initiguede contaire .qribhge

0d Here, the code for S Edigshvehcolde fakuates the arguments, follc
paramstatement for each argumertdtbadmeeaed. by a

0d queue emptied and then gets a single pointierntbotrheheymanoé t
that denotes the value of E.
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Inheritance 1n Java

Inheritance in Java iIs a mechanism in which one object acquires all the
properties and behaviours of a parent object. It Is an important part
of OOPHObject Oriented programming system).

The idea behind inheritance in Javais that you can create new classesthat are
built upon existing classes. When you inherit froman existing class, you can reuse
methods and fields of the parent class. Moreover, you can adahew methods and

fields in your current class also.

Inheritance represents the IS-A relationship which is also known as a parent-
child relationship.

Why use inheritance In java
For Method Overriding (so runtime polymorphism canbe achieved).

For Code Reusability.
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Terms used In Inheritance

£lass: A classis a group of objects which have common properties.lt is a template
or blueprint from which objects are created.

Hub Class/Child Class: Subclasgs a class which inherits the other classlt is also
called a derived class, extended clas®r child class.

HSuper Class/Parent Class: Superclassis the class from where a subclass inherits
the features.lIt is also called a base classr a parent class.

Reusabllity: Asthe name specifies, reusabilityis a mechanism which faclilitates
you to reuse the fields and methods of the existing class when you create a new
class. You can use the same fieldand methods already definedin the previous

class.



The syntax of Java Inheritance

1.class Subclass-name=xtends Superclass-name
24

3. //methods andfields

4.}

The extends keyword indicates that you are making anew class that derives
from an existing class. The meaningf "extends"is to increase the functionality.

In the terminology of Java, a class whichs inherited is called a parent or
superclass,andthe new classis called child or subclass.
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Java Inheritance Example

As displayed in the above figure, Programmeris the subclassand Employeeis the
superclass. The relationship between the two classesis Programmer IS-A
Employee. It means that Programmeris a type of Employee.

1.class Employee{

2. float salary=40000;

3.}

4.class Programmer extends Employee{

5. int bonus=10000;

6. public static void main(String args[]){

7. Programmer p=new Programmer();

8. System.out.printin("Programmer salary is:"+p.salary);

9. System.out.printin("Bonus of Programmer is:"+p.bonus);

10.}

11.}
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Types of inheritance in java

On the basis of class, there canbe three types of inheritance in java: single, multilevel and
hierarchical.

In java programming, multiple and hybrid inheritance IS supported through interface only.
We will learn about interfaces later.
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Single Inheritance Example

When a class inherits another class,jt is known as a single inheritance In the
example given below, Dog class inherits the Animal class, so theres the single

Inheritance.

16-06-2021

1.class Animal{

2.void eat(){System.out.printin("eating...");}
3.}

4.class Dog extends Animal{

5.void bark(){System.out.printin("barking...");}
6.}

7.class Testlnheritance{

8.public static void main(String argsl]){
9.Dog d=new Dog();

10.d.bark();
11.d.eat();
12.1}

Compiled By Prof. Mithun Roy, Department of CSE, SIT

Output:

barking...
eating...



Multilevel Inheritance Example

When thereis a chainof inheritance, it is known as multilevel inheritance. Asyou can see
In the example given below, BabyDog class inherits th®ogclass which again inherits the
Animal class,sothere is a multilevel inheritance.

1.class Animal{

2.void eat(){System.out.printin("eating...");}
3.}

4.class Dog extends Animal{

5.void bark(){System.out.printin("barking...");}

6.} Output:
7.class BabyDog extends Dog{ _
8.void weep(){System.out.printin("weeping...");} weeping...
9. bar_king...
10.class TestInheritance2{ eating...

11.public static void main(String args[]){
12.BabyDog d=new BabyDog();
13.d.weep();

14.d.bark();

15.d.eat();

16.}}



Hierarchical Inheritance Example

When two or more classes inherits a single clasgf is known ashierarchical inheritance. In
the example given below, Dog and Cat classes inherits the Animal classso there is
hierarchical inheritance.

1.class Animal{

2.void eat(){System.out.printin("eating...");}

3.}

4.class Dog extends Animal{

5.void bark(){System.out.printIn("barking...");}

6.}

7.class Cat extends Animal{

8.void meow(){System.out.printin("meowing...");} Outpult:
9.}

10.class TestInheritance3{ meowing...
11.public static void main(String args[]){ eating...
12.Cat c=new Cat();

13.c.meow();

14.c.eat();

15.//c.bark();//C.T.Error

16.}}
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Q) Why multiple inheritance is not supported in java?

Toreduce the complexity and simplify the language, multiple inheritanceis not supported in java.
Consider a scenario whereA, B,and C are three classes. The C class inherits A and B classésA and
B classes have the same method and you catl from child class object, there will be ambiguity to call
the method of A or B class.

Since compile-time errors are better than runtime errors, Java renders compile-time errorif you
iInherit 2 classes.Sowhether you have same methodor different, there will be compile time error.

1.class A{

2.void msg(){System.out.printin("Hello");}

3.}

4.class B{

5.void msg(){System.out.printin("Welcome");}
6.}

7.class C extends A,B{//suppose if it were

8.

9. public static void main(String args[]){

10. C obj=new C();

11. obj.msg();//Now which msg() method would be invoked?
12.}

13.}



Super Keyword in Java

The super keyword in Javais a reference variable which is used to refer immediate
parent class object.

Whenever you create the instanceof subclass,an instance of parent classis created
implicitly which is referred by super reference variable.

Usageof Java super Keyword
1.super canbe usedto refer immmediate parent class instance variable.

2.super canbe usedto invoke immediate parent class method.
3.super() can be usedto invoke immediate parent class constructor.



1) superis usedto refer immediate parent class instance variable.

We can use super keywordto access the data memberor field of parent class.It is used if
parent class and child class have same fields.

1.class Animal{

2.String color="white";

3.}

4.class Dog extends Animal{

5.String color="black";

6.void printColor(){
7.System.out.printin(color);//prints color of Dog class

8.System.out.printin(super .color);//prints color of Animal cl In the above example, Animal
ass and Dog both classes have a
9.} common property color. If we

10.}
11.class TestSuperl{
12.public static void main(String argsl]){

print color property, it will print
the color of current class by

13.Dog d=new Dog(); default. To access the parent
14.d.printColor(); property, we need to use super
15.}} keyword.
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2) super can be used to invoke parent class method

The super keyword can alsobe used to invoke parent class method.It should be used if
subclass contains the same methods parent class.In other words, it is used if method is
overridden.

1.class Animal{

2.void eat(){System.out.printin("eating...");}

3.}

4.class Dog extends Animal{

5.void eat(){System.out.printin("eating bread...");}
6.void bark(){System.out.printin("barking...");}
7.void work(){

8.super .eat();

9.bark(); In the above example Animal and Dog
10.} both classes have eat() methodf we call

11.} eat() method from Dog class,it will call

12.class TestSuper2{
13.public static void main(String args(]){ the eat() method of Dog classby default

14.Dog d=new Dog(); because priority is givento local.
15.d.work(); To call the parent class method,we need
16.}} to use super keyword.
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3) super Is used to invoke parent class constructor.

The super keyword can alsobe used to invoke the parent class constructor. Let's see a
simple example:

1.class Animal{
2.Animal(){System.out.printin("animal is created");}
3.}

4.class Dog extends Animal{

5.Dog(){

6.super ();

7.System.out.printin("dog is created");

8.}

9.}

10.class TestSuper3{

11.public static void main(String args[]){
12.Dog d=new Dog();

13.}}
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As we know well that default constructor is provided by compiler automatically if there is
no constructor. But, it also adds super() as the first statement.

Another example of super keyword where super() is provided by the compiler implicitly.

1.class Animal{
2.Animal(){System.out.printin("animal is created");}
3.}

4.class Dog extends Animal{

5.Dog({

6.System.out.printin("dog is created");

7.}

8.}

9.class TestSuper4{

10.public static void main(String args[]){
11.Dog d=new Dog();

12.}}



Aggregation in Java

If a class havean entity reference, it is known as Aggregation. Aggregation represents
HAS-A relationship.

Consider a situation, Employee object contains many information suchas id, name,
emailld etc. It contains one more object nhamed address, which contains its own
iInformation such ascity, state, country, zipcode etcasgiven below.

1.class Employee{

2.int id;

3.String name;

4. Address address;//Address is a class
5....

6.}

In such case, Employee haan entity reference address,so relationship is Employee
HAS-A address.
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Why use Aggregation? 1.class Operation{

For Code Reusability. g i?étjﬁnuar:fr(]i_nt n){

4.
Simple Example of Aggregation 5_}}

6.class Circle{

In this example, we have created the reference of - Operation op;//aggregation

Operation class in the Circle class. S- double pi=3.14;

10. double area(int radius){

11. op=new Operation();

12. int rsquare=op.square(radius);//code reusabil
ity (1.e. delegates the method call).

13. return pi*rsquare;

14.}

15.

16. public static void main(String args[]X{
17. Circle c=new Circle();

18. double result=c.area(5);

19. System.out.printin(result);

20. }

21.}



When use Aggregation?

Code reuse is also best achieved by aggregation when there is no Iis-a
relationship .

Inheritance should be usedonly if the relationship Is-ais maintained throughout
the lifetime of the objects involved; otherwise, aggregations the best choice.

Understanding meaningful example of Aggregation

In this example, Employee hasn object of Address, address object containgts own

Information such as city, state, country etc.In such case relationshipis Employee
HAS-A address.
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Formal Language & Automata Theory
PCC-CS 403

Topic: Finite Automata [FA]
[IDFAto RE ( "tteie St}
Lecture XII
Prof. Mithun Roy
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"tieie St i
Statement «

Let P and Q be two regular expressions.
If P doesnot contain null string, then R = Q +RP has a unique solution thatis R = QP*

Proof «
R =Q +Q + RP)P [After putting the value R = Q + RP]

= Q +QP+ RPP

When we put the value of R recursively again and again,we get the following
equation «

R=Q+QP+QP +QP a..
R=QBrP+P+P+ a)
R =QP*[As P*represents (B+ P + P2 + P3 +a.) ]

Hence, proved.



Assumptions for Applying " T f ¢ itheorem
¥ he transition diagram must not have NULL transitions

ft must have only one initial state

Method

Step 1 «Create equationsas the following form for all the states of the DFA having n states with

initial state q;.

0, =R + Ry + @+ QR + B

O, = Ry + Ry + @+ g Ry,
ddaaaaaaaa
ddaaaaaaaa
ddaaaaaaaa
ddaaaaaaaa
qn:q1R1n+q2R2n+ é-I_annn

R; represents the setof labels of edges fromg; to q;, if no such edge exists, therR; = ]

Step 2 «Solve these equationgo get the equation for the final statein terms of R;



Example - |
Construct a regular expression correspondingo the automata given below «

Here the initial state and final state is q.
The equations for thetow states g0 and g1 areasfollows «

“a L “4,E D)
“sL“4f E5:f E (i

From equation ()R=“,4 LPa L, @lD Ei, e %L b UL 0
e (oasl f EYfE) oes'LOff EDY

So,TheREisU( E )fJ



Example - I
Construct a regular expression correspondingo the automata given below «

“6 L “s» E 64 E "6f »
L “5, E (., Ef)
L“ca L% a I(,Ef)
'<'%o —St Ttfeie
L “5’1(11 Ef)U

7 L * f L 511(" Ef)Uf
Here the initial state and final stateis q;.
The equations for the three states g1, g2, and g3 areas Finally

foll «
Gs g+ Gt B ‘sLsf E5.(,E)fED
B ““LD EfE(,E

( Bnoveis because glis the initial state) .<5. % _ngf "T(iﬂ]:) fr
Ciga BT ‘s L(f E, Ef)9f )"
37 M2

so R=(f E(, Ef)Y Y



Example - Il
Construct a regular expression correspondingo the automata given below «

Here the initial state and final stateis q.
The equations for the three states g1, g2, and g3 ar@s
follows «

“s LD Esr F(3
“6 L “s8 E gr F(«X
u7Lu6rEu7(rE9 R()(

From (i), “s L rY& scs % " 11§

So,“g L r% E %r L r%Y



Example - IV
Construct a regular expression correspondingo the automata given below «

~

From (i) “s L rY

So,“gLrY% E %s L M’s¢
Here theinitial state and final stateis q;.
The equations for the three states q1, g2and  Here, “4is not dependson *
g3 are asfollows «

So,R = rUs éj
““L D Eér F(3

“6 L “5s E §s F(<«Xx
“7|_“6FE“7(I’E$ R()(



Example -V
Construct a regular expression correspondingo the automata given below «

~

"o («3<™Mt—-4a I(,ff E) &
‘™Pot-4 LEXEff E) f

L ,E fED B <o f 22> &,(Lf°f E)F

L fE ,E , F(<x .

L fF(<)< Regular Expression X
R=C(C " E))"

e a L,

n‘.(()(éTMA-_-r_-__ L”fUé‘éTMTM)o:t_é

L . E .ffE, e ,E (,ffE)
‘a L.,(,ff E)Y



Example - VI
Construct a regular expression correspondingo the automata given below «

Finally,
“s E "6 L ,Yf(, EfYUE °f(, EfY'f
L, EF YYD B LYC, EFYf
So, The Regular Expressiois
r=,%(C, EfYf

“2LD Ej, FQOJ

“s L “4f E 5, E%5f H
“6 L “sf H <<

From (i) “4L ,,Ugﬁ ccoe%o "Tge ) )
From (i) “s L Of E &, E *sf fL ,Of E &, Ef¥L .00, Ef)°
From (i) “¢ L ,Yf(, E f ¥Yf



Homework X
Draw a FA from the RE = ab*(a + ba*)* a

00" @

e X °_.

(a+bat)
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Homework Xl

Construct a regular expression correspondingo the automata given below «
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Outlines

I De nition
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I Application



De nition

I De nition : A Binary search Tree is a Binary Tree in which
every node value grater than of its right child and less then of

its left child.
I Example :

Figure: Example of Binary Search Tree.



Representation

A Binary search Tree can represent in two way: array
representation and Linked list representation
I Array Representation:

(30 [20 [40 |10 [25 [- [- |5 |- [23]27]

Table: Array Representation of BST

I Linked list Representation:

Figure: linked list Representation



Operation of BST

In BST there are four basic operation: Traversal, searchingetns
a node, Delete a node

I Traversal:

I Searching:

I Insert a node:
I Delete a node:



Traversal
Traversal means visiting each node exactly once.

Figure: Example of Binary Search Tree.

I In Order Traversal:The traversing sequence is
5,10,20,23,25,27,30,40

1 Pre Order Travercecal'The travercinA <edilence ic



Search a node from BST

Search a node from a Tree means the desired node exist or not in a
BST. Two way to search a node : recursive way and Non recursive

way.

Figure: SearchNodg5and21



Algorithm for Searching

Algorithm 1 Recursive Search algorithm

INPUT: Binary search TreeT ) and current node i.e present node
PN under scanning . Searched item/key ks

OUTPUT: KEY ELEMENT FOUND if the function return 1 i.&

in T other wise KEY ELEMENT NOT FOUND the function return
0.

Recursive SearchiniNode PN,K)
if PN == NULL then

Return O
else if K == PN ! Data then

Return 1
else if K PN! Data then

Return Recursive Searchirgl ! Lchild; K)
else

Return Recursive Searchirfgfl ! Rchild; K)
end if




Insert a node in a BST

InsFrt 30

Ins?rt 20 Ins?rt 40 @ @ InsFrt 25 @

Inan 10 10 25



Delete a node from a BST

During delete a node there are three possibility :
i) Deleted node does not have any child
ii) Deleted node have only one child
iiilDeleted node have two child
I No child:

@D Dops @ @



Delete One child

©E) Dopo @ @

Figure: Detete 10 from Binary Search Tree.



Delete Two child

©E) Do o) ! @

Figure: Detete 20 from Binary Search Tree.



Complexity of BST

Table: Complexity of BST operations

Operations | Best Case | Average Worst Case
Case

Traversal O(N) O(N) O(N)

Searching o(1) O(log N) O(N)

Insert 0(1) O(log N) O(N)

Delete 0(1) O(log N) O(N)




Applications of BST

() BST Used in many searching application where data is
constantly entering or leaving such as map and set object in ynan
language library

(i) Storing a set of Names and being able to look up based on a
pre x of the name.

(iii) BST is Used to express arithmetic expressions

(iv) To implement Hu man Coding Algorithm Binary search treis
used



Thank You















