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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 :
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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, searching, Insert
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.
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Figure: Example of Binary Search Tree.

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

I Pre Order Traversal:The traversing sequence is



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.
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Figure: SearchNode25and21



Algorithm for Searching

Algorithm 1 Recursive Search algorithm
INPUT: Binary search Tree (T ) and current node i.e present node
PN under scanning . Searched item/key isK
OUTPUT: KEY ELEMENT FOUND if the function return 1 i.eK
in T other wise KEY ELEMENT NOT FOUND the function return
0.

Recursive Searching(TNode � PN,K )
if PN == NULL then

Return 0
else if K == PN ! Data then

Return 1
else if K � PN ! Data then

Return Recursive Searching(PN ! Lchild; K )
else

Return Recursive Searching(PN ! Rchild; K )
end if



Insert a node in a BST

Insert 30�!
30

Insert 20�!

30

20 Insert 40�!
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20 40 Insert 25�!
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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
iii)Deleted node have two child

I No child:
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Delete One child
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Figure: Detete 10 from Binary Search Tree.



Delete Two child
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Figure: Detete 20 from Binary Search Tree.



Complexity of BST

Table: Complexity of BST operations

Operations Best Case Average
Case

Worst Case

Traversal O(N) O(N) O(N)
Searching O(1) O(log N) O(N)
Insert O(1) O(log N) O(N)
Delete O(1) O(log N) O(N)



Applications of BST

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



Thank You
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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.

Wehaveto follow the various steps to minimize the DFA. These areasfollows:

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.�A(q, a) = p 2. �A(r, 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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Step 1: In the given DFA, q2 and q4 are the unreachable 
states so remove them.

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

�� �� �- 0 1

�\ �“�r q1 q3

q1 q0 q3

*q3 q5 q5

*q5 q5 q5

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

�� �� �- 0 1

�\ �“�r q1 q3

q1 q0 q3

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

�� �� �- 0 1

*q3 q5 q5

*q5 q5 q5

Step 4: Set1 hasno similar rows soset 1 will be the same.
Step 5: In set 2, row 1 and row 2 are similar since q3 and q5
transit to the same stateon 0 and 1. Soskip q5 and then replace
q5 by q3 in the rest.

�� �� �- 0 1

*q3 q3 q3

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

�� �� �- 0 1

�\ �“�r q1 q3

q1 q0 q3

*q3 q3 q3

q2

q0

q1 q3

0
0

1

0,1

1

So, The Minimized DFA.

Example - I
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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

�\ �ƒ 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:

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

Step 4: Set1 hasno similar rows soset 1 will be the same.
Step 5: In set 2, row 1,2 and row 3 are similar since c, d and e
transit to the same stateon 0 and 1.Soskip e & d and then replace
e by c in the rest.

�� �� �- 0 1

*c c f

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

q2

a

f c

0
0

1

0,1 1

So, The 
Minimized 
DFA is

�� �� �- 0 1

�\ �ƒ b c

b a d , c

f f f

�� �� �- 0 1

*c e f

*d e f

*e e f

�� �� �- 0 1

�\ �ƒ b c

b a c

f f f

*c c f

b

0

Example - II
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Minimized the given DFA
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Merge Sort Method
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Method
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Example of Matrix Chain Multiplication

Example: We are given the sequence {4,10, 3,12, 20, and 7}. The matrices have size 4 x10, 10 x 3, 3 x
12, 12 x 20, 20 x 7.Weneedto compute M [i,j], 0 �¶i, �Œ�¶5. Weknow M [i, i] = 0 for all i.

���:�E�á �F�; 
L �P
�r �á �E 
L �F
�•�‹�•

�Ü�¸�Þ�´�Ý
�/ �E�á �G 
E �/�G 
E �s�á �F 
E �L�Ü�?�5�L�Þ�L�Ý�á �E 
O �F

�#�5�8
H�5�4�á �#�6�5�4
H�7�á �#�7�7
H�5�6�á �#�8�5�6
H�6�4�á �#�9�6�4
H�;

�’ �4 
L �v �á �’�5 
L �s�r�á �’�6 
L �u �á �’�7 
L �s�t�á �’�8 
L �t�r �ƒ�•�† �’�9 
L �y

1 2 3 4 5

0
120/

1
1

0
360/

2
2

0
720/

3
3

0
1680

/4
4

0 5

j

i

�� �s�á�t 
L ���s�á�s 
E ���t�á�t 
E �’�4�’ �5�’ �6 
L �s�t�r
�� �t�á�u 
L ���t�á�t 
E ���u�á�u 
E �’�5�’ �6�’ �7 
L �u�x�r
�� �u�á�v 
L ���u�á�u 
E ���v�á�v 
E �’�6�’ �7�’ �8 
L �y�t�r

�� �v�á�w 
L ���v�á�v 
E ���w�á�w 
E �’�7�’ �8�’ �9 
L �s�x�z�r
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Example of Matrix Chain Multiplication

Example: We are given the sequence {4,10, 3,12, 20, and 7}. The matrices have size 4 x10, 10 x 3, 3 x
12, 12 x 20, 20 x 7.Weneedto compute M [i,j], 0 �¶i, �Œ�¶5. Weknow M [i, i] = 0 for all i.

���:�E�á �F�; 
L �P
�r �á �E 
L �F
�•�‹�•

�Ü�¸�Þ�´�Ý
�/ �E�á �G 
E �/�G 
E �s�á �F 
E �L�Ü�?�5�L�Þ�L�Ý�á �E 
O �F

�#�5�8
H�5�4�á �#�6�5�4
H�7�á �#�7�7
H�5�6�á �#�8�5�6
H�6�4�á �#�9�6�4
H�;

�’ �4 
L �v �á �’�5 
L �s�r�á �’�6 
L �u �á �’�7 
L �s�t�á �’�8 
L �t�r �ƒ�•�† �’�9 
L �y

�/ �s�á�u 
L �I�E�J �J
�/ �s�á�s 
E �/�t�á�u 
E �L�4�L�5�L�7 
L �u�x�r
E�v�z�r
P�t�x�v
�/ �s�á�t 
E �/�u�á�u 
E �L�4�L�6�L�7 
L �s�t�r
E�s�v�v
L �t�x�v

1 2 3 4 5

0
120/

1
264/

2
1

0
360/

2
2

0
720/

3
3

0
1680

/4
4

0 5

j

i
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Example of Matrix Chain Multiplication

Example: We are given the sequence {4,10, 3,12, 20, and 7}. The matrices have size 4 x10, 10 x 3, 3 x
12, 12 x 20, 20 x 7.Weneedto compute M [i,j], 0 �¶i, �Œ�¶5. Weknow M [i, i] = 0 for all i.

���:�E�á �F�; 
L �P
�r �á �E 
L �F
�•�‹�•

�Ü�¸�Þ�´�Ý
�/ �E�á �G 
E �/�G 
E �s�á �F 
E �L�Ü�?�5�L�Þ�L�Ý�á �E 
O �F

�#�5�8
H�5�4�á �#�6�5�4
H�7�á �#�7�7
H�5�6�á �#�8�5�6
H�6�4�á �#�9�6�4
H�;

�’ �4 
L �v �á �’�5 
L �s�r�á �’�6 
L �u �á �’�7 
L �s�t�á �’�8 
L �t�r �ƒ�•�† �’�9 
L �y

�� �t�á�v 
L �•�‹�•�J
�� �t�á�t 
E ���u�á�v 
E �’�5�’ �6�’ �8 
L �y�t�r
E�x�r�r
L �s�u�t�r
�� �t�á�u 
E ���v�á�v 
E �’�5�’ �7�’ �8 
L �u�x�r
E�t�v�r�r
P �s�u�t�r

1 2 3 4 5

0
120/

1
264/

2
1

0
360/

2
1320

/2
2

0
720/

3
3

0
1680

/4
4

0 5

j

i
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Example of Matrix Chain Multiplication

Example: We are given the sequence {4,10, 3,12, 20, and 7}. The matrices have size 4 x10, 10 x 3, 3 x
12, 12 x 20, 20 x 7.Weneedto compute M [i,j], 0 �¶i, �Œ�¶5. Weknow M [i, i] = 0 for all i.

���:�E�á �F�; 
L �P
�r �á �E 
L �F
�•�‹�•

�Ü�¸�Þ�´�Ý
�/ �E�á �G 
E �/�G 
E �s�á �F 
E �L�Ü�?�5�L�Þ�L�Ý�á �E 
O �F

�#�5�8
H�5�4�á �#�6�5�4
H�7�á �#�7�7
H�5�6�á �#�8�5�6
H�6�4�á �#�9�6�4
H�;

�’ �4 
L �v �á �’�5 
L �s�r�á �’�6 
L �u �á �’�7 
L �s�t�á �’�8 
L �t�r �ƒ�•�† �’�9 
L �y

�� �u�á�w 
L �•�‹�•�J
�� �u�á�u 
E ���v�á�w 
E �’�6�’ �7�’ �9 
L �s�x�z�r
E�t�w�t
P �s�s�v�r
�� �u�á�v 
E ���w�á�w 
E �’�6�’ �8�’ �9 
L �y�t�r 
E �v�t�r 
L �s�s�v�r

1 2 3 4 5

0
120/

1
264/

2
1

0
360/

2
1320

/2
2

0
720/

3
1140

/4
3

0
1680

/4
4

0 5

j

i
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Example of Matrix Chain Multiplication

Example: We are given the sequence {4,10, 3,12, 20, and 7}. The matrices have size 4 x10, 10 x 3, 3 x
12, 12 x 20, 20 x 7.Weneedto compute M [i,j], 0 �¶i, �Œ�¶5. Weknow M [i, i] = 0 for all i.

���:�E�á �F�; 
L �P
�r �á �E 
L �F
�•�‹�•

�Ü�¸�Þ�´�Ý
�/ �E�á �G 
E �/�G 
E �s�á �F 
E �L�Ü�?�5�L�Þ�L�Ý�á �E 
O �F

�#�5�8
H�5�4�á �#�6�5�4
H�7�á �#�7�7
H�5�6�á �#�8�5�6
H�6�4�á �#�9�6�4
H�;

�’ �4 
L �v �á �’�5 
L �s�r�á �’�6 
L �u �á �’�7 
L �s�t�á �’�8 
L �t�r �ƒ�•�† �’�9 
L �y

�� �s�á�v 
L�I�E�J
^
�/ �s�á�s 
E �/�t�á�v 
E �L�4�L�5�L�8 
L �s�u�t�r 
E�z�r�r
P �s�r�z�r

�/ �s�á�t 
E �/�u�á�v 
E �L�4�L�6�L�8 
L �s�t�r
E�y�t�r
E�t�v�r 
L �s�r�z�r
�/ �s�á�u 
E �/�v�á�v 
E �L�4�L�7�L�8 
L �t�x�v 
E �{�x�r 
P �s�r�z�r

1 2 3 4 5

0
120/

1
264/

2
1080

/2
1

0
360/

2
1320

/2
2

0
720/

3
1140

/4
3

0
1680

/4
4

0 5

j

i
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Example of Matrix Chain Multiplication

Example: We are given the sequence {4,10, 3,12, 20, and 7}. The matrices have size 4 x10, 10 x 3, 3 x
12, 12 x 20, 20 x 7.Weneedto compute M [i,j], 0 �¶i, �Œ�¶5. Weknow M [i, i] = 0 for all i.

���:�E�á �F�; 
L �P
�r �á �E 
L �F
�•�‹�•

�Ü�¸�Þ�´�Ý
�/ �E�á �G 
E �/�G 
E �s�á �F 
E �L�Ü�?�5�L�Þ�L�Ý�á �E 
O �F

�#�5�8
H�5�4�á �#�6�5�4
H�7�á �#�7�7
H�5�6�á �#�8�5�6
H�6�4�á �#�9�6�4
H�;

�’ �4 
L �v �á �’�5 
L �s�r�á �’�6 
L �u �á �’�7 
L �s�t�á �’�8 
L �t�r �ƒ�•�† �’�9 
L �y

�/ �t�á�w 
L�I�E�J
^
�/ �t�á�t 
E �/�u�á�w 
E �L�5�L�6�L�9 
L �s�s�v�r 
E �t�s�r 
L �s�u�w�r

�/ �t�á�u 
E �/�v�á�w 
E �L�5�L�7�L�9 
L �u�x�r 
E �s�x�z�r 
E �z�v�r 
P �s�u�w�r
�/ �t�á�v 
E �/�w�á�w 
E �L�5�L�8�L�9 
L �s�u�t�r 
E �s�v�r�r 
P �s�u�w�r

1 2 3 4 5

0
120/

1
264/

2
1080

/2
1

0
360/

2
1320

/2
1350

/2
2

0
720/

3
1140

/4
3

0
1680

/4
4

0 5

j

i
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1 2 3 4 5
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1
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2
1080
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Example of Matrix Chain Multiplication

Example: We are given the sequence {4,10, 3,12, 20, and 7}. The matrices have size 4 x10, 10 x 3, 3 x
12, 12 x 20, 20 x 7.Weneedto compute M [i,j], 0 �¶i, �Œ�¶5. Weknow M [i, i] = 0 for all i.

j

i

���:�E�á �F�; 
L �P
�r �á �E 
L �F
�•�‹�•

�Ü�¸�Þ�´�Ý
�/ �E�á �G 
E �/�G 
E �s�á �F 
E �L�Ü�?�5�L�Þ�L�Ý�á �E 
O �F

�#�5�8
H�5�4�á �#�6�5�4
H�7�á �#�7�7
H�5�6�á �#�8�5�6
H�6�4�á �#�9�6�4
H�;

�’ �4 
L �v �á �’�5 
L �s�r�á �’�6 
L �u �á �’�7 
L �s�t�á �’�8 
L �t�r �ƒ�•�† �’�9 
L �y

�/ �s�á�w 
L�I�E�J

�/ �s�á�s 
E �/�t�á�w 
E �L�4�L�5�L�9 
L �s�u�w�r 
E�t�z�r 
P �s�u�v�v
�/ �s�á�t 
E �/�u�á�w 
E �L�4�L�6�L�9 
L �s�t�r
E �s�s�v�r 
E�z�v
L �s�u�v�v
�/ �s�á�u 
E �/�v�á�w 
E �L�4�L�7�L�9 
L �t�x�v
E �s�x�z�r 
E�u�u�x
P �s�u�v�v

�/ �s�á�v 
E �/�w�á�w 
E �L�4�L�8�L�9 
L �s�r�z�r 
E �w�x�r 
P �s�u�v�v
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PRINT-OPTIMAL-PARENS(S,i,j)
if i = j then 

print Ai; 
else 

print �ó���ó�â��
PRINT-OPTIMAL-PARENS(S,i,S(i,j)); 
PRINT-OPTIMAL-PARENS(S,S(i,j)+1,j); 
print �ó���ó�â��

end

((A1A2)((A3A4)A5))

1 2 3 4 5

0 1 2 2 2 1

0 2 2 2 2

0 3 4 3

0 4 4

0 5

j

i

S,1,5

S,1,2

S,1,1 S,2,2

S,3,5

S,3,4

S,3,3 S,4,4

S,5,5

S Table

Algorithm

In this way if you multiply then optimal
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 humanity. It 
is a thinking process and scientific method of studying a problem and finding solution. It 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". 
 
c) 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 
1. Research is a systematic and critical investigation into a phenomenon. 

2. It is not mere compilation of facts. 

3. It adopts scientific method. 

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 it leads to 

enquiry & enquiry leads to investigation". Research has an important role in guiding social 

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 only through 

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 significance of research can be understood with the following 

points. 
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ADDRESSING  
 
 

           
 

 
 

Overview of IPv4 Addressing Scheme  
 

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

ii)  IP address is 32 bits (IPv4) or 128 bits (IPv6). 
iii)  It is represented by dotted decimal notation.  
iv) IP Address is unique. 

They are unique in the sense that each address defines one and only one connection to the 
Internet. Two devices in the Internet can never have the same address at the same time. 

v) The IP Addresses are universal in the sense that the addressing system must be accepted by 
any host that wants to be connected to the Internet. 

 

Notations 
 
We use notations to show an IPv4 address: binary notation and dotted-decimal notation.  
 
Binary Notation  
 

�x In binary notation, the IPv4 address is displayed as 32 bits. Each octet is often referred to as a 
byte. So it is common to hear an IPv4 address referred to as a 32-bit address or a 4-byte 
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 are usually 
written in decimal form with a decimal point (dot) separating the bytes. The following is the 
dotted-decimal notation of the above address: 117.149.29.2 

10000000   .  00001011  . 00000011   . 00011111 
 

     128         .      11        .        3         .    31 
 

Has a LAN Card 
Address 

Logical Address/ 
IP Address 

Physical Address/ 
 MAC Address 
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Question1. 
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 add 
dots for separation.  
a. 129.11.11.239  
b. 193.131.27.255  
 
Question2. 
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..01101111 00111000 00101101 01001110  
b. 11011101 00100010 00000111 01010010  
 
Question3. 
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 leading zero (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. 
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Classful Addressing  
 
�x IPv4 addressing when started a few decades ago, used the concept of classes. This architecture 

is called classful addressing.  
�x In classful addressing, the address space is divided into five classes: A, B, C, D, and E. Each 

class occupies some part of the address space. 
�x In mid 1990s, a new architecture, called classless addressing was introduced, which will 

eventually supersede the original architecture.  
 
Finding the classes in binary and dotted decimal notation.  
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
Question4.  
Find the class of each address.  
a. 00000001 00001011 00001011 11101111  
b. 11000001 10000011 00011011 11111111  
c. 14.23.120.8  
d. 252.5.15.111  
Solution  
a. The first bit is 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. 

1st Bit 2nd Bit 
 

3rd Bit 4th Bit 

Start 

1 

0 

1 1 

0 0 0 

1 

Class A Class B Class C Class D Class E 
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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 the host ID. 

Class 1st Octet 2nd Octet 3rd Octet 4th Octet 
 Net ID Host ID 

A     
 Net ID Host ID 

B     
 Net ID Host ID 

C     
     

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 �Æ X.0.0.0 
Broadcast Id �Æ X.255.255.255  
 
For Class B Network 
 
Network Id �Æ X.X.0.0 
Broadcast Id �Æ X.X.255.255  
 
For Class C Network 
 
Network Id �Æ X.X.X.0 
Broadcast Id �Æ X.X.X.255  
 
Note : where X is variable ; X belongs to 0 to 127 for class A 
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Note: 
 
 
  
1st address �Æ 0.0.0.0 
Last Address �Æ 127.255.255.255 
 
So, Maximum number of network �Æ 128 
Valid number of n/w �Æ 126 
Because, we can not assign first and last address in any host machine. 
First address is used for identifying a n/w (known as network address) 
And last address is used for broadcasting purpose. 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
  
 

Network Address :  
 

i) The network address is an address that defines the network itself. 
ii)  It can not be assign to a host 
iii)  Network address plays a very important role in classful addressing. A network address has several 

properties �±  
a) �$�O�O���K�R�V�W���E�L�W�V���D�U�H�����¶�V 
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 address �Æ 
  

 
 
  
Note : Network Address = Binary AND operation of ( IP Address + Subnet Mask) 

Eg. 192.168.10.0 = 192.168.10.45 + 255.255.255.0 
 11000000.10101000.00001010.00101101   �Æ192.168.10.45 
 11111111.11111111.11111111.00000000   �Æ255.255.255.0 

  
 11000000.10101000.00001010.00000000   �Æ192.168.10.0 

Specific  �$�O�O�����¶�V 

Class A 

Class B Class C Class D 

1st address �Æ 128.0.0.0 
Last Address �Æ 191.255.255.255 
 
Maximum no. of n/w�Æ216 

Maximum no. of Host�Æ216 

 

1st address �Æ 192.0.0.0 
Last Address �Æ 223.255.255.255 
 
Maximum no. of n/w�Æ224 

Maximum no. of Host�Æ28 

 

1st address �Æ 224.0.0.0 
Last Address �Æ 239.255.255.255 
 
 

1st address �Æ 240.0.0.0 
Last Address �Æ 255.255.255.255 
 
 

Class E 

Net id Host id 
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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 replacing 
�W�K�H���K�R�V�W�H�G���E�\�W�H�V�������������������Z�L�W�K�����¶�V�����7�K�H�U�H�I�R�U�H�����W�K�H���Q�H�W�Z�R�U�N���D�G�G�U�H�V�V���L�V���������������������� 
 
 
 
 
 
  
�ª  When a router receives a packet with a destination address, it needs to route the packet. The routing is based on 
the network address and sub-network address.  
 
�ª  the router outside the organization route the packet based on the network address; and the router inside the 
organization routes the packet based on sub-network address. 
Eg. When a parcel reaches in a post office, they are routed according to zip code. When they reach the post office 
serving that zip code, the parcel are routed according to the street address. 
 
�ª  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 number, 
called mask is the key to solve this problem. 
 
�ª  the router outside the organization use a default mask,; the router inside the organization use a subnet mask. 
When a router receives a 32 bit binary IP and mask values, it performs a binary AND operation on it, and the 
result will be the desire network address. 
 
Eg. �Æ  
 
 
 
 192.168.10.2/24 
 
 
 
 
       Router 
    192.168.10.0 �Æ network address 
 

Default Mask: 
Although the length of the netid and hostid (in bits) is predetermined in classful addressing, we can also use a 
mask (also called the default mask), a 32-bit number made of contiguous 1s followed by contiguous 0s. The 
masks for classes A, B, and C are shown in Table. The concept does not apply to classes D and E. 

 
The mask can help us to find the netid and the hostid. For example, the mask for a class A address has eight 1s, 
which means the first 8 bits of any address in class A define the netid; the next 24 bits define the hostid. The last 
column of Table shows the mask in the form /n where n can be 8, 16, or 24 in classful addressing. This notation is 

MA SK  

11000000.10101000.00001010.00101101    
11111111.11111111.11111111.00000000    
11000000.10101000.00001010.00000000    
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also called slash notation or Classless Interdomain Routing (CIDR) notation. The notation is used in classless 
addressing, which we will discuss later. We introduce it here because it can also be applied to classful addressing.  
 

Subnet Mask: 
�7�K�H���Q�X�P�E�H�U���R�I�����¶�V���L�Q���D���V�X�E�Q�H�W�P�D�V�N���L�V���P�R�U�H���W�K�D�Q���W�K�H���Q�X�P�E�H�U���R�I�����V���L�Q���W�K�H���F�R�U�U�H�V�S�R�Q�G�L�Q�J���G�H�Iault mask. 
Eg. �Æ for class B, default mask is /16 
 
Default mask of class B �Æ  255.255.0.0 
     �Æ 11111111.11111111.00000000.00000000 
Subnet mask      �Æ 255.255.224.0 
     �Æ 11111111.11111111.11100000.00000000 

�x The number of subnets is determined by the numb�H�U���R�I���H�[�W�U�D�����¶�V�� 
�x If the number of extra 1 is n. then the number of subnet is 2n 
�x �,�I���W�K�H���Q�X�P�E�H�U���R�I���V�X�E�Q�H�W���L�V���1�����W�K�H�Q���W�K�H���Q�X�P�E�H�U���R�I���H�[�W�U�D�����¶�V���L�V���O�R�J2N. 
 

Subnetting: 
�x In subnetting, a network is divided into several smaller groups with each subnetwork (or subnet) 

having its own subnetwork address. 
�x Often an organization needs to assemble the host into groups; the network needs to be divided into 

several subnetworks. 
�x E.g. �Æ A university may want to group its host according to departments. In this case the university 

has one n/w address, but needs several subnetwork addresses. The outside world knows the 
organization by its n/w address. Inside the organization of each subnetwork is recognized by its 
subnetwork address.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

141.14.192.4 141.14.128.0 

141.14.14.254 -----------
-- 

   R1 

   R2    R3 

Rest of the Internet 

University �Æ 141.14.0.0 (Network address) 

141.14.192.1
  

141.14.192.254 141.14.128.1 141.14.128.254 

141.14.0.12 
 

141.14.64.9 

141.14.0.1 
 

141.14.14.2 -----------
-- 

-------- 

141.14.64.1 141.14.64.2 141.14.64.254 

--------
----- 

 Subnet 
141.14.64.0  

Subnet 
141.14.0.0 
 

----
----

---
---

 -----------
--  ---

---

Subnet 
141.14.192.0 
 

Subnet 
141.14.128.0 
 

CSE Dept �Æ 

IT  Dept �Æ 

�ÅEE Dept  

�ÅECE Dept  
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Supernetting  

 
The time came when most of the class A and class B addresses were depleted; however, there was still a huge 
demand for midsize blocks. The size of a class C block with a maximum number of 256 addresses did not satisfy 
the needs of most organizations. Even a midsize organization needed more addresses. One solution was 
supernetting. In supernetting, an organization can combine several class C blocks to create a larger range of 
addresses. In other words, several networks are combined to create a super- network or a supernet. An 
organization can apply for a set of class C blocks instead of just one. For example, an organization that needs 
1000 addresses can be granted four contiguous class C blocks. The organization can then use these addresses to 
create one supernetwork. Supernetting decreases the number of 1 s in the mask. For example, if an organization is 
given four class C addresses, the mask changes from/24 to/22. We will see that classless addressing eliminated 
the need for supernetting. 
 
Question7: What is the difference between IP address and MAC address? 
Answer.  
 

IP Address MAC Address 
1. It is logical address. 
 
2. IP address is dynamic. 
 
3. IPv4 is 32 bits, and IPv6 is 128 bits. 
 
4.  IP address is represented by dotted decimal 
notation. 
 
5. It is user define address. 
 
6.  It is classify into 5 classes. 
 i.e. class A, class B, class C, class D, class E  
 
7. Each IP address has two parts. Netid and hosted. 

1. It is physical address. 
 
2. MAC address is Static. 
 
3. MAC address is 48 bits. 
 
4. MAC address is represented by dotted 
hexadecimal notation. 
 
5. It is manufacturing address. 
 
6. No such type of classification. 
 
 
7. No such type of division present in MAC address. 

 
 
Note: 

Formula to determine number of hosts on a given network 
 

�‡��Given that there are N host bits in an address, the number of hosts for that network is 2N - 2. Two addresses are 
subtracted for the network address and the broadcast address. 

�‡��8 host bits: 28 - 2 = 254 hosts 

�‡��16 host bits: 216 - 2 = 65534 hosts 

�‡ 24 host bits: 224 - 2 = 16777214 hosts 
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�ª  Public IP and Private IP addresses  
 
Public IP Address: 
 
�‡ Most IP addresses are public addresses. Public addresses are registered as belonging to a specific organization. 
 
�‡���,�Q�W�H�U�Q�H�W Service Providers (ISP) and extremely large organizations obtain blocks of public addresses from the 
IANA (Internet Assigned Numbers Authority). Other organizations obtain public addresses from their ISPs.  
 
�‡ Public IP addresses are routed across the Internet, so that hosts with public addresses may freely communicate 
with one another globally. 
 
�‡ No organization is permitted use public addresses that are not registered with that organization! 
 
Private IP Address: 
 

�‡ The 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. 
 
�‡ Private addresses may be used by any organization, without any requirement for registration. 
 
�‡ Because private addresses are ambiguous - c�D�Q�¶�W tell where �W�K�H�\�¶�U�H���F�R�P�L�Q�J from or going to because anyone can 
use them - private addresses are not permitted to be routed across the Internet. 
 
�‡ ISPs block private addresses from being routed across their infrastructure. 
 
�‡ Note: The use of private addresses, network address translation (NAT), and proxy servers solved the IP address 
shortage problem for the short and medium terms.  
 

�ª Reserved addresses 
 
�Æ  0.0.0.0 is the default IP address, and it is used to specify a default route.   

The default route will be discussed later (routing section). 
 

�Æ  Addresses beginning with 127 are reserved for internal loopback addresses. 
It is common to see 127.0.0.1 used as the internal loopback address on many devices.   

Try pinging this address on a PC or Unix station. 
 
 

 
 
 
 
 
 
 

http://www.iana.org/
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IP Datagram 
 

What is Datagram? 
 

�‡ Packets in the network layer are called Datagram. 
�‡ A datagram is a variable length packet consisting of two parts----- 

I) Header  
II)  Data 

 
*** the header is 20 �± 60 bytes in length and contains information essential to routing and delivery. 
 
IP datagram frame format 
 

 
 

�‡ 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 (20 �± 60 bytes) 

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

 
In this interpretation, the first 3 bits are called precedence bits. The next 4 bits are called type of service 
(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 precedence 
defines the priority of the datagram in issues such as congestion. If a router is congested and needs 
�W�R���G�L�V�F�D�U�G���V�R�P�H���G�D�W�D�J�U�D�P�¶�V�����W�K�R�V�H���G�D�W�D�J�U�D�P�¶�V���Z�L�W�K���O�R�Z�H�V�W���S�U�H�F�H�G�H�Q�F�H���D�U�H���G�L�V�F�D�U�G�H�G���I�L�U�V�W�����6�R�P�H��
�G�D�W�D�J�U�D�P�¶�V���L�Q���W�K�H���,�Q�W�H�U�Q�H�W���D�U�H���P�R�U�H���L�P�S�R�U�W�D�Q�W���W�K�D�Q���R�W�K�H�U�V�����)�R�U���H�[�D�P�S�O�H�����D���G�D�W�D�J�U�D�P���X�V�H�G���I�R�U��
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network management is much more urgent and important than a datagram containing optional 
information for a group. 

b. TOS bits is a 4-bit subfield with each bit having a special meaning. Although a bit can be either 0 
or 1, one and only one of the bits can have the value of 1 in each datagram. The bit patterns and 
their interpretations are given in diagram bellow. With only 1 bit set at a time, we can have five 
different types of services. 

 

 
 

�‡ 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 (216-1) bytes. 
 

�‡ Identification:- This field is required to set an identification number to each Datagram. 
 
�‡ Flags:- This is a 3-bit field. The first bit is reserved. The second bit is called the do not fragment bit. If its 

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

 

 
 
 

 
�‡ Fragmentation offset:  This 13-bit field shows the relative position of this fragment with respect to the 

whole datagram. It is the offset of the data in the original datagram measured in units of 8 bytes. Figure 
(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 1399. The 
offset for this datagram is 0/8 = 0. The second fragment carries bytes 1400 to 2799; the offset value for 
this fragment is 1400/8 = 175.  Finally, the third fragment carries bytes 2800 to 3999. The offset value for 
this fragment is 2800/8 = 350. 
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�‡ 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 unit of data (Eg. Packet) can experience before it should discarded.  
Or this field is used to control the maximum number of hops (routers) visited by the datagram. 
 

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

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

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Value protocol 

1 ICMP 

2 IGMP 

6 TCP 

17 UDP 

89 OSPF 
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�‡ Checksum:- Checksum field is used for error detection purpose in IP datagram. The header of IP packets 
changes with each visited router, but data do not. So, the checksum include only the part that has changed. 

 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 

 
 
 
 
�‡ Source Address:- This field defines the source IP address, and this field remain unchanged during the 

time the IP datagram travels from source host to destination host. 
 
�‡ Destination address:- This field defines the IP address of the destination 
 
�‡ Options:- As name implies, are not required for every datagram. They are used for network testing and 

debugging. 
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Electrical energy is a secondary energy source 
and also referred to as an energy carrier. 

Electrical energy has the following advantages over all other forms (chemical, heat, light 

& mechanical) of energy 
 

1. Cheapness 

2. Convenient & efficient transmission 

3. Easy control 

4. Cleanliness 

5. Greater flexibility �± as it can be taken to any corner of the house, factory etc. 

6. Utilization in versatile form 

1 About electricity 
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By definition electric current is the rate of flow of charge through a 
medium subjected to an external influence. Mathematically  

Q
I

t
� 

Where, 
I = Average current flow through the medium 
Q = Charge 
t= time 

Definition of Ampere: When a charge of one coulomb passes through a medium in one second, the medium is said to 
be carrying a current of one Ampere 

1 About electricity 
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Electric current is divided into two types:  
�‡ Directional Current (DC)  
�‡ Alternating Current (AC) 
  
Directional (Direct) Current  
A non-varying, unidirectional electric current (Example: Current produced by batteries) 

Characteristics:  
 

�x Direction of the flow of positive and negative charges does not change with time 

�x Direction of current (direction of flow for positive charges) is constant with time 

�x Potential difference (voltage) between two points of the circuit does not change polarity with time  

1 About electricity 
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Alternating Current 
A current which reverses in regularly recurring intervals of time and which has alternately positive and 

negative values, and occurring a specified number of times per second.  

(Example: Household electricity produced by generators, Electricity supplied by utilities.) 

Characteristics:  
 

�x Direction of the current reverses periodically with time 

�x Voltage (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)  

1 About electricity 
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�2�K�P�¶�V���O�D�Z 2 

The potential difference (V) between any two points of a conductor is directly proportional to the current (I) 
flowing through the conductor provided temperature and all other physical quantities (e.g. length, cross �±
sectional area etc.) remain unchanged. 

Mathematically we can write,  V I�D
,   or V RI� 

Resistance is the property of a material by virtue of which it opposes the flow of electrons through it. The unit of 

Resistance is �³�R�K�P�´ (�Ÿ). 

From Ohm's Law V
R

I
� 

For V = 1 Volt  &  I = 1 Amp 

R=1 ohm 

Thus 1 ohm is defined as the amount of resistance which opposes a flow of 1 amp current through a conductor 

when the potential difference across the conductor is 1 Volt. 

�5���L�V���W�K�H���F�R�Q�V�W�D�Q�W���R�I���S�U�R�S�R�U�W�L�R�Q�D�O�L�W�\���	���W�H�U�P�H�G���D�V���•�5�H�V�L�V�W�D�Q�F�H�• 
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Laws of Resistance 2.1 

Resistance of a conductor is directly proportional to its length (l) in the direction of the current flow. 

Resistance of a conductor is inversely proportional to its cross-sectional area (A) perpendicular to the 

direction of flow of current 

Thus from the above     R l�D Combining the two we get 
l

R
A

�D

R=
l
A

�UOr, 

Where �µ�!�¶ is the proportionality constant & is called resistivity or specific resistance of the conductor. 

If R = 1 ohm , l = 1 meter, A = 1 sq meter, Then, �U = 1 ohm-meter   So unit of resistivity is ohm-meter. 
Again, if l = 1 meter and A = 1 meter2 , Then R = �U 

So specific resistance or resistivity of a material is defined as the value of resistance between two opposite faces of a 
cube of that material with a dimension of (1 m) x (1 m) x (1 m). 

and  
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Conductance and Conductivity 2.2 

Conductance is the reciprocal of Resistance. 

From �R�K�P�¶�V law the current through a conductor is given by 

The parameter �µ�*�¶ is called conductance of the conductor and it is reciprocal of resistance R. Conductance 

is the measurement of inducement which it offers to its flow but resistance is the measurement of opposition 

which it offers to the flow of current.  

Unit of conductance is Siemens or mho. 
   

Or, 

Again, from the laws of resistance,  

V
I

R
� 

1
,  Where  I GV G

R
�  �  

The parameter �µ�V�¶ is called conductivity.  
It is reciprocal of resistivity. 
Unit of conductivity is Siemens/meter. 
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Temperature co-efficient of Resistance 2.3 

The ratio of change in resistance per OC and the resistance at the reference temperature is called temperature 
co-efficient of resistance (�D) of a material. 
 
Let,  R1 = resistance at t1OC 
 R2 = resistance at t2OC 
 �D1 = temp coefficient of resistance at t1OC 
 �D2 = temp coefficient of resistance at t2OC 

R2 =  R1 (1+ �Dt)       [where, t = t2 �± t1]  

Generally reference or base temp is taken as 0OC. 
 
Let, �D0 = temp coefficient of resistance at base temp 0OC  
 R0 = resistance of base / reference temp of 0OC 
 Rt = resistance of the material at any temp t OC  

Rt = R0 (1+ �Dot)  

Similarly we can say,  0 0(1 )t t�U �U �D�  � �
0

t
01 t

�D
�D

�D
� 

��

Temp co-efficient of resistance is given by 0
0

0

tR R
R t

�D
��

� 
Also we can arrive at 

Temp. co-efficient of resistance is  
i. positive for metallic conductors  
ii. negative for carbon, electrolytes, semiconductors, insulators  
iii. negligibly small for alloys like eureka, manganese, nickel chromium, constantan etc. 
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Resistance in Circuits - Series connection  3.1 

When the resistances are connected in series: 
�x Current through equivalent resistance Req is equal to the current through each of the original resistors (all have 

same current). 
�x Voltage across the equivalent resistance Req is the sum of the voltages over the original resistors. 

From figure, V = V1 + V2 + V3 + V4  

Or,  IReq = IR1 + IR2 + IR3 + IR4  

[Where, 'R' is the equivalent resistance of the circuit] 
  

or, Req = R1 + R2 + R3 + R4    

Or,  

Criterion of series circuit 

i. Same amount of current should flow through all the elements of the circuit.  

ii. Individual resistors have their individual voltage drops.  

iii. Nature of voltage drops are additive.  

iv. Summation of all voltage drops must equal to the supply voltage.  

v. Resistances are additive. 
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Resistance in Circuits - Parallel connection  3.2 

When the resistances are connected in parallel: 

�x The individual resistors have the same voltage as the single equivalent resistor. 

�x The current through the equivalent resistor is the sum of the currents through the individual resistors. 

�x Individual voltages and currents can be recovered using �2�K�P�¶�V law or current division. 

From figure, I = I 1 + I2  
 

or, 

 

[Where, ' Req ' is the equivalent resistance of the circuit] 
  

or,  

  ��  

Criterion of parallel circuit 

i. Same potential difference is applied across all the resistances  

ii. Different resistances have their individual currents  

iii. Conductances are additive. 

In  terms of conductance the equivalent conductance will be  Geq = G1 + G2  

�9
�5�H�T

� 
�9
�5��

��
�9
�5��

 

��
�5�H�T

� 
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Basic quantities: Potential & potential difference 4.1 

The amount of work done to move a unit charged particle from a reference 

point to a designated point in a static electric field is called potential. 

 

The difference in electric potential between two points in an electric field is 

called potential difference.  

 

It is measured in volts. 
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Basic quantities: Work 4.2 

In an electric circuit, current flows through a conductor when potential difference is applied 

to it i.e. some work is done. So we can say that whenever there is transfer of charge, 

some electric work is done. 

 

Electric work is given by, W = VQ = VIt 

 

Where,  V = potential (volt) 

  Q = charge (coulomb) 

  I = current (amp) 

  t = time (sec) 

 

The unit of electrical work is Joule. 
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Basic quantities: Power 4.3 

The rate at which electric work is performed is called electric power. 

  

It is given by, �3� 
�D�P�R�X�Q�W���R�I���Z�R�U�N���G�R�Q�H
�W�L�P�H���W�R���G�R���W�K�H���Z�R�U�N� 

�:
�W� 

�9�,�W
�W� �9�, 

 

 

The unit of electric power is Watt . 
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Basic quantities: Energy 4.3 

Total amount of electric work done in a certain period of time is called electric energy.  

 

It is given by, �(��� ���S�R�Z�H�U�î�W�L�P�H��� �3�î�W� �9�,�W 

 

The unit is watt-sec. But watt-sec unit is very small if  we think of the amount of electric 

energy consumed. So we use bigger unit like KWh . 

 

1KWh = 1000 Wh = 1000 x 3600 watt-sec = 36 x 105 watt-sec. 
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Brief history of electricity  5 
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Numerical  6 

1. The resistance temperature co-efficient of aluminium at 00C is 0.0045 

per 0C. Find the co-efficient for a temperature of 300 C. 
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Numerical  6 

2. A conductor has a resistance of 10 ohm at 200 C. At  500 C its resistance increases 

to 14 ohm. Determine the temperature co-efficient of the conductor at 00 C. 



Prepared by M.R.Chakraborty 
Not for distribution without permission 

20 

Numerical  6 

3. Determine the resistance across �µab�¶ for the circuit shown in the figure. 

Solution: 

This is a series-parallel combination of resistances. 

The resistance across  de,  
1 1

0.5
1 1deR

�u
� � �:

��

The resistance Rde is in series with Rcd.  

So, the resistance, 1 0.5 1.5cd deR R�� � �� � �:

Now, the total resistance across  ce,  
1.5 1 1.5

0.6
1.5 1 2.5ceR

�u
� � � �:

��

But this resistance Rce is in series with Rac.  
 
So the resistance across ab is given by, 

1 0.6 1.6ab ac ceR R R� �� � �� � �:
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Assignment  6 

1. The current flowing in a circuit containing four resistors connected in series is I = 
2 Amp. The potential drops across the first, second and third resistors are, 
respectively: V1 = 8 V, V2 = 10V and V3= 6V. The equivalent resistance of the 
circuit is R = 30 �
 .  
 
Find the total voltage supplied by the battery and also current, voltage drop, and 
resistance of each resistor in the circuit. 
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Assignment  6 

2. Find the equivalent resistance of the circuit shown. 
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Solution of assignment  6 

1. The current flowing in a circuit containing four resistors connected in series is I = 2 Amp. The potential drops across the 
first, second and third resistors are, respectively: V1 = 8 V, V2 = 10V and V3= 6V. The equivalent resistance of the circuit 
is R = 30 �� .  
 
Find the total voltage supplied by the battery and also current, voltage drop, and resistance of each resistor in the circuit. 

Solution: 
 
As the resistors are in series, so the current flow through each resistance is same. 
  
Using the Ohm's Law, we can find the resistances of the first, second and third resistors. 
 

�� �5 
L
���5
��


L
�z
�t


L �v�3

�� �6 
L
���6
��


L
�s�r
�t


L �w�3

�� �7 
L
���7
��


L
�x
�t


L �u�3

 

As it is a series circuit, so the equivalent resistance is the sum of the individual resistances. 

�� �c�o
L �� �5 
E ���6 
E ���7 
E ���8
�‘�”�á ���8 
L �� �c�o
F �:���5 
E ���6 
E ���7
o

�‘�”�á ���8 
L �u�r
F �:�v 
E �w 
E �u�; 
L �s�z�3
 

The current flowing through R4 is also 2A as it is a 
series circuit.  
Using Ohm's Law again, we can find the voltage 
across R4 as below. 

���8 
L �����8 
L �t 
H �s�z 
L�u�x��  

Therefore, total voltage V = V1 +  V2 + V3 + V4 = 8+10+6+36 = 60 V 
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Solution of assignment  6 

2. Find the equivalent resistance of the circuit shown. 

Solution:  
  

Equivalent resistance Req = RAF �! RBE �! RCD 

From the circuit given, 

RAF = 8 �3 

RBE = (2 + 3) �3 = 5 �3  (as it is a series connection) 


L ���v�!�t 
E �z 
L �v�!�s�r
L
�v 
H�s�r
�v 
E�s�r


L �t�ä�z�x�3 �5�&�' 

Therefore, Req = RAF �! RBE �! RCD = (8 �! 5 �! 2.86) 
·  = 1.48 
·  
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Sample quest ions 

1. What do you mean by current? What is charge? Explain the relationship between 

charge and current. 

2. Write down the classification of current. Explain in brief. 

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

4. Explain �2�K�P�¶�V law. Define resistance from it. 

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

6. What do you understand by resistivity, temperature co-efficient of resistance and 

conductivity. 
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Time to think 

Did I learn the topics 
properly? 

Confused how to 
judge that? 
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1 
 

2 

3 

4 

Did I understand all the topics discussed in the class? 

Did I understand the concepts clearly? 

Can I apply the theoretical knowledge acquired in practical field? 

Am I able to solve the numerical problems related to the topics? 
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Congratulations ! 
 
You are on correct path of learning. 



�^�x�X�Å�ü���Ì�s�ã�Þ�ü���ü�s���ü�x 
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There is no alternate of studying books�«�« . 
 
Go through your book to know more about it . 
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Thank you  
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�(�Q�H�U�J�\���5�H�V�R�X�U�F�H�V��
��
�(�Q�H�U�J�\�� �L�V�� �R�Q�H�� �R�I�� �W�K�H�� �P�D�M�R�U�� �L�Q�S�X�W�V�� �I�R�U�� �W�K�H�� �H�F�R�Q�R�P�L�F�� �G�H�Y�H�O�R�S�P�H�Q�W�� �R�I�� �D�Q�\�� �F�R�X�Q�W�U�\�����,�Q�� �W�K�H�� �F�D�V�H�� �R�I�� �W�K�H��
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�‡�� �3�U�L�P�D�U�\���D�Q�G���6�H�F�R�Q�G�D�U�\���H�Q�H�U�J�\��
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��
�3�U�L�P�D�U�\���D�Q�G���6�H�F�R�Q�G�D�U�\���H�Q�H�U�J�\��
��
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�V�� �L�Q�W�H�U�L�R�U���� �D�Q�G��
�S�R�W�H�Q�W�L�D�O���H�Q�H�U�J�\���G�X�H���W�R���H�D�U�W�K�
�V���J�U�D�Y�L�W�\������
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�U�N�I�T� �I�I�I  � �I�N�T�E�R�M�E�D�I�A�T�E� �C�O�D�E� �G�E�N�E�R�A�T�I�O�N

�I�N�T�R�O�D�U�C�T�I�O�N

�T�h�e� �f�r�o�n�t� �e�n�d� �t�r�a�n�s�l�a�t�e�s� �a� �s�o�u�r�c�e� �p�r�o�g�r�a�m� �i�n�t�o� �a�n� �i�n�t�e�r�m�e�d�i�a�t�e� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �f�r�o�m� �w�h�i�c�h
�t�h�e� �b�a�c�k� �e�n�d� �g�e�n�e�r�a�t�e�s� �t�a�r�g�e�t� �c�o�d�e�.

�B�e�n�e�f�i�t�s� �o�f� �u�s�i�n�g� �a� �m�a�c�h�i�n�e�-�i�n�d�e�p�e�n�d�e�n�t� �i�n�t�e�r�m�e�d�i�a�t�e� �f�o�r�m� �a�r�e�:

�1�.� � � �R�e�t�a�r�g�e�t�i�n�g� �i�s� �f�a�c�i�l�i�t�a�t�e�d�.� �T�h�a�t� �i�s�,� �a� �c�o�m�p�i�l�e�r� �f�o�r� �a� �d�i�f�f�e�r�e�n�t� �m�a�c�h�i�n�e� �c�a�n� �b�e� �c�r�e�a�t�e�d� �b�y
�a�t�t�a�c�h�i�n�g� �a� �b�a�c�k� �e�n�d� �f�o�r� �t�h�e� �n�e�w� �m�a�c�h�i�n�e� �t�o� �a�n� �e�x�i�s�t�i�n�g� �f�r�o�n�t� �e�n�d�.

�2�.� � � �A� �m�a�c�h�i�n�e�-�i�n�d�e�p�e�n�d�e�n�t� �c�o�d�e� �o�p�t�i�m�i�z�e�r� �c�a�n� �b�e� �a�p�p�l�i�e�d� �t�o� �t�h�e� �i�n�t�e�r�m�e�d�i�a�t�e� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�.

�P�o�s�i�t�i�o�n� �o�f� �i�n�t�e�r�m�e�d�i�a�t�e� �c�o�d�e� �g�e�n�e�r�a�t�o�r

�i�n�t�e�r�m�e�d�i�a�t�e

�c�o�d�e

�I�N�T�E�R�M�E�D�I�A�T�E� �L�A�N�G�U�A�G�E�S

�T�h�r�e�e� �w�a�y�s� �o�f� �i�n�t�e�r�m�e�d�i�a�t�e� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�:

ð· �S�y�n�t�a�x� �t�r�e�e

ð· �P�o�s�t�f�i�x� �n�o�t�a�t�i�o�n

ð· �T�h�r�e�e� �a�d�d�r�e�s�s� �c�o�d�e

�T�h�e� �s�e�m�a�n�t�i�c� �r�u�l�e�s� �f�o�r� �g�e�n�e�r�a�t�i�n�g� �t�h�r�e�e�-�a�d�d�r�e�s�s �c�o�d�e� �f�r�o�m� �c�o�m�m�o�n� �p�r�o�g�r�a�m�m�i�n�g� �l�a�n�g�u�a�g�e
�c�o�n�s�t�r�u�c�t�s� �a�r�e� �s�i�m�i�l�a�r� �t�o� �t�h�o�s�e� �f�o�r� �c�o�n�s�t�r�u�c�t�i�n�g� �s�y�n�t�a�x� �t�r�e�e�s� �o�r� �f�o�r� �g�e�n�e�r�a�t�i�n�g� �p�o�s�t�f�i�x� �n�o�t�a�t�i�o�n�.

�G�r�a�p�h�i�c�a�l� �R�e�p�r�e�s�e�n�t�a�t�i�o�n�s�:

�S�y�n�t�a�x� �t�r�e�e�:

�A �s�y�n�t�a�x� �t�r�e�e �d�e�p�i�c�t�s� �t�h�e� �n�a�t�u�r�a�l� �h�i�e�r�a�r�c�h�i�c�a�l� �s�t�r�u�c�t�u�r�e� �o�f� �a� �s�o�u�r�c�e� �p�r�o�g�r�a�m�.� �A�d�a�g
�(�D�i�r�e�c�t�e�d� �A�c�y�c�l�i�c �G�r�a�p�h�)�g�i�v�e�s� �t�h�e� �s�a�m�e� �i�n�f�o�r�m�a�t�i�o�n� �b�u�t� �i�n� �a� �m�o�r�e� �c�o�m�p�a�c�t �w�a�y� �b�e�c�a�u�s�e
�c�o�m�m�o�n �s�u�b�e�x�p�r�e�s�s�i�o�n�s �a�r�e� �i�d�e�n�t�i�f�i�e�d�.� �A� �s�y�n�t�a�x� �t�r�e�e� �a�n�d� �d�a�g� �f�o�r� �t�h�e� �a�s�s�i�g�n�m�e�n�t� �s�t�a�t�e�m�e�n�t�a� �:� �=
�b� �* �- �c� �+ �b� �* �- �c�a�r�e �a�s� �f�o�l�l�o�w�s�:

�p�a�r�s�e�r �s�t�a�t�i�c
�c�h�e�c�k�e�r

�i�n�t�e�r�m�e�d�i�a�t�e
�c�o�d�e� �g�e�n�e�r�a�t�o�r

�c�o�d�e
�g�e�n�e�r�a�t�o�r



�a�s�s�i�g�n �a�s�s�i�g�n

�a� � � � � � � � � � � � � � � � � � � � �+ �a �+

�*� � � � � � � � � � � � � � � � � � � � � � � � � � � �* �*

�b� � � � � � � � � � � � � � � �u�m�i�n�u�s� � � �b� � � � � � � � � � � � � � � � �u�m�i�n�u�s �b� � � � � � � � � � � � � � � � � �u�m�i�n�u�s

�c� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �c �c

�(�a�) �S�y�n�t�a�x� �t�r�e�e �(�b�) �D�a�g

�P�o�s�t�f�i�x� �n�o�t�a�t�i�o�n�:

�P�o�s�t�f�i�x� �n�o�t�a�t�i�o�n �i�s� �a� �l�i�n�e�a�r�i�z�e�d� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �a� �s�y�n�t�a�x� �t�r�e�e�;� �i�t� �i�s� �a� �l�i�s�t� �o�f� �t�h�e� �n�o�d�e�s� �o�f
�t�h�e� �t�r�e�e� �i�n� �w�h�i�c�h� �a� �n�o�d�e� �a�p�p�e�a�r�s� �i�m�m�e�d�i�a�t�e�l�y� �a�f�t�e�r� �i�t�s� �c�h�i�l�d�r�e�n�.� �T�h�e� �p�o�s�t�f�i�x� �n�o�t�a�t�i�o�n� �f�o�r� �t�h�e
�s�y�n�t�a�x� �t�r�e�e� �g�i�v�e�n� �a�b�o�v�e� �i�s

�a� �b� �c� �u�m�i�n�u�s� �*� �b� �c� �u�m�i�n�u�s� �*� � �+� � �a�s�s�i�g�n

�S�y�n�t�a�x�-�d�i�r�e�c�t�e�d� �d�e�f�i�n�i�t�i�o�n�:

�S�y�n�t�a�x� �t�r�e�e�s� �f�o�r� �a�s�s�i�g�n�m�e�n�t� �s�t�a�t�e�m�e�n�t�s� �a�r�e� �p�r�o�d�u�c�e�d� �b�y� �t�h�e� �s�y�n�t�a�x�-�d�i�r�e�c�t�e�d� �d�e�f�i�n�i�t�i�o�n�.
�N�o�n�-�t�e�r�m�i�n�a�l� �S� �g�e�n�e�r�a�t�e�s� �a�n� �a�s�s�i�g�n�m�e�n�t� �s�t�a�t�e�m�e�n�t�.� �T�h�e� �t�w�o� �b�i�n�a�r�y� �o�p�e�r�a�t�o�r�s� �+� �a�n�d� �*� �a�r�e
�e�x�a�m�p�l�e�s� �o�f� �t�h�e� �f�u�l�l� �o�p�e�r�a�t�o�r� �s�e�t� �i�n� �a� �t�y�p�i�c�a�l� �l�a�n�g�u�a�g�e�.� �O�p�e�r�a�t�o�r� �a�s�s�o�c�i�a�t�i�v�i�t�i�e�s� �a�n�d� �p�r�e�c�e�d�e�n�c�e�s
�a�r�e� �t�h�e� �u�s�u�a�l� �o�n�e�s�,� �e�v�e�n� �t�h�o�u�g�h� �t�h�e�y� �h�a�v�e� �n�o�t� �b�e�e�n� �p�u�t� �i�n�t�o� �t�h�e� �g�r�a�m�m�a�r�.� �T�h�i�s� �d�e�f�i�n�i�t�i�o�n
�c�o�n�s�t�r�u�c�t�s� �t�h�e� �t�r�e�e� �f�r�o�m� �t�h�e� �i�n�p�u�t� �a� �:� �=� �b� �* �- �c� �+� �b�* �- �c�.

�P�R�O�D�U�C�T�I�O�N �S�E�M�A�N�T�I�C� �R�U�L�E

�Sðà �i�d� �:� �= �E� � � � � � � � � � � � � � � � � �S�.�n�p�t�r� �:� �=� �m�k�n�o�d�e�( ��a�s�s�i�g�n ��,�m�k�l�e�a�f�(�i�d�,� �i�d�.�p�l�a�c�e�)�,� �E�.�n�p�t�r�)

�Eðà �E�1�+ �E�2 �E�.�n�p�t�r� �:� �=� �m�k�n�o�d�e�( ��+ ��,� �E�1�.�n�p�t�r�,� �E�2�.�n�p�t�r� �)

�Eðà �E�1�*� �E�2 �E�.�n�p�t�r� �:� �=� �m�k�n�o�d�e�( ��* ��,� �E�1�.�n�p�t�r�,� �E�2�.�n�p�t�r� �)

�Eðà �-�E�1 �E�.�n�p�t�r� �:� �=� �m�k�n�o�d�e�( ��u�m�i�n�u�s ��,� �E�1�.�n�p�t�r�)

�Eðà �( �E�1�) �E�.�n�p�t�r� �:� �=� �E�1�.�n�p�t�r

�Eðà �i�d �E�.�n�p�t�r� �:� �=� �m�k�l�e�a�f�(� �i�d�,� �i�d�.�p�l�a�c�e� �)

�S�y�n�t�a�x�-�d�i�r�e�c�t�e�d� �d�e�f�i�n�i�t�i�o�n� �t�o� �p�r�o�d�u�c�e� �s�y�n�t�a�x� �t�r�e�e�s� �f�o�r� �a�s�s�i�g�n�m�e�n�t� �s�t�a�t�e�m�e�n�t�s



�T�h�e� �t�o�k�e�n�i�d�h�a�s� �a�n� �a�t�t�r�i�b�u�t�e�p�l�a�c�e�t�h�a�t� �p�o�i�n�t�s� �t�o� �t�h�e� �s�y�m�b�o�l�-�t�a�b�l�e� �e�n�t�r�y �f�o�r� �t�h�e� �i�d�e�n�t�i�f�i�e�r�.
�A� �s�y�m�b�o�l�-�t�a�b�l�e� �e�n�t�r�y �c�a�n� �b�e� �f�o�u�n�d� �f�r�o�m� �a�n� �a�t�t�r�i�b�u�t�e�i�d�.�n�a�m�e�,� �r�e�p�r�e�s�e�n�t�i�n�g� �t�h�e� �l�e�x�e�m�e� �a�s�s�o�c�i�a�t�e�d
�w�i�t�h� �t�h�a�t� �o�c�c�u�r�r�e�n�c�e� �o�f�i�d�.�I�f� � �t�h�e� � �l�e�x�i�c�a�l� �a�n�a�l�y�z�e�r� �h�o�l�d�s� �a�l�l� �l�e�x�e�m�e�s� �i�n� �a� �s�i�n�g�l�e� �a�r�r�a�y� �o�f
�c�h�a�r�a�c�t�e�r�s�,� �t�h�e�n� �a�t�t�r�i�b�u�t�e�n�a�m�e�m�i�g�h�t� �b�e� �t�h�e� �i�n�d�e�x� �o�f� �t�h�e� �f�i�r�s�t� �c�h�a�r�a�c�t�e�r� �o�f� �t�h�e� �l�e�x�e�m�e�.

�T�w�o� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�s� �o�f� �t�h�e� �s�y�n�t�a�x� �t�r�e�e� �a�r�e �a�s� �f�o�l�l�o�w�s�.� �I�n� �(�a�)� �e�a�c�h� �n�o�d�e� �i�s� �r�e�p�r�e�s�e�n�t�e�d� �a�s� �a
�r�e�c�o�r�d� �w�i�t�h� �a� �f�i�e�l�d� �f�o�r� �i�t�s� �o�p�e�r�a�t�o�r� �a�n�d� �a�d�d�i�t�i�o�n�a�l� �f�i�e�l�d�s� �f�o�r� �p�o�i�n�t�e�r�s� �t�o� �i�t�s� �c�h�i�l�d�r�e�n�.� �I�n� �(�b�)�,� �n�o�d�e�s
�a�r�e� �a�l�l�o�c�a�t�e�d� �f�r�o�m� �a�n� �a�r�r�a�y� �o�f� �r�e�c�o�r�d�s� �a�n�d� �t�h�e� �i�n�d�e�x� �o�r� �p�o�s�i�t�i�o�n� �o�f� �t�h�e� �n�o�d�e �s�e�r�v�e�s� �a�s� �t�h�e� �p�o�i�n�t�e�r
�t�o� �t�h�e� �n�o�d�e�.� �A�l�l� �t�h�e� �n�o�d�e�s� �i�n� �t�h�e� �s�y�n�t�a�x� �t�r�e�e� �c�a�n� �b�e� �v�i�s�i�t�e�d� �b�y� �f�o�l�l�o�w�i�n�g� �p�o�i�n�t�e�r�s�,� �s�t�a�r�t�i�n�g� �f�r�o�m
�t�h�e� �r�o�o�t� �a�t� �p�o�s�i�t�i�o�n� �1�0�.

�T�w�o� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�s� �o�f� �t�h�e� �s�y�n�t�a�x� �t�r�e�e

�a�a�a�a�a�a�a�a�a�a�a�a�a� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �0
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�(�a�) �(�b�)

�T�h�r�e�e�-�A�d�d�r�e�s�s� �C�o�d�e�:

�T�h�r�e�e�-�a�d�d�r�e�s�s� �c�o�d�e� �i�s� �a� �s�e�q�u�e�n�c�e� �o�f� �s�t�a�t�e�m�e�n�t�s� �o�f� �t�h�e� �g�e�n�e�r�a�l� �f�o�r�m

�x� �:� �=� �y�o�p�z

�w�h�e�r�e� �x�,� �y� �a�n�d� �z� �a�r�e� �n�a�m�e�s�,� �c�o�n�s�t�a�n�t�s�,� �o�r� �c�o�m�p�i�l�e�r�-�g�e�n�e�r�a�t�e�d� �t�e�m�p�o�r�a�r�i�e�s�;�o�p�s�t�a�n�d�s� �f�o�r� �a�n�y
�o�p�e�r�a�t�o�r�,� �s�u�c�h� �a�s� �a� �f�i�x�e�d�- �o�r� �f�l�o�a�t�i�n�g�-�p�o�i�n�t� �a�r�i�t�h�m�e�t�i�c� �o�p�e�r�a�t�o�r�, �o�r� �a� �l�o�g�i�c�a�l� �o�p�e�r�a�t�o�r� �o�n� �b�o�o�l�e�a�n�-
�v�a�l�u�e�d� �d�a�t�a�.� �T�h�u�s� �a� �s�o�u�r�c�e� �l�a�n�g�u�a�g�e� �e�x�p�r�e�s�s�i�o�n� �l�i�k�e� �x�+� �y�*�z� � �m�i�g�h�t� �b�e� �t�r�a�n�s�l�a�t�e�d� �i�n�t�o �a �s�e�q�u�e�n�c�e

�t�1 �:� � �=� � �y� � �* �z
�t�2 �:� � �=� � �x� � �+� � �t�1

�w�h�e�r�e �t�1�a�n�d� �t�2�a�r�e� �c�o�m�p�i�l�e�r�-�g�e�n�e�r�a�t�e�d� �t�e�m�p�o�r�a�r�y� �n�a�m�e�s�.

�a�s�s�i�g�n

�i�d� � � � � � � � � � � � � � � � � �a

�+

�* �*

�i�d� � � � � � � � � � � � �b �i�d� � � � � � � � � � � � � �b
�b�b

�u�m�i�n�u�s �u�m�i�n�u�s

�i�d� � � � � � � � � � � � � �c �i�d� � � � � � � � � � � � � �c

�i�d� � � � � � � � � � � � � � � � �b

�i�d� � � � � � � � � � � � � � � � � �c

�u�m�i�n�u�s� � � � � � � � � � �1

�*� � � � � � � � � � � � � � � � �0� � � � � � � � � �2

�i�d� � � � � � � � � � � � � � � � �b

�i�d� � � � � � � � � � � � � � � � �c

�u�m�i�n�u�s� � � � � � � � � � �5

�*� � � � � � � � � � � � � � � � �4 �6

�+� � � � � � � � � � � � � � � �3� � � � � � � � � � �7

�i�d� � � � � � � � � � � � � � �a

�a�s�s�i�g�n� � � � � � � � � � � �9� � � � � � � � � � � �8



�A�d�v�a�n�t�a�g�e�s� �o�f� �t�h�r�e�e�-�a�d�d�r�e�s�s� �c�o�d�e�:

ðØ �T�h�e �u�n�r�a�v�e�l�i�n�g� �o�f� �c�o�m�p�l�i�c�a�t�e�d� �a�r�i�t�h�m�e�t�i�c� �e�x�p�r�e�s�s�i�o�n�s� �a�n�d� �o�f� �n�e�s�t�e�d� �f�l�o�w�-�o�f�-�c�o�n�t�r�o�l
�s�t�a�t�e�m�e�n�t�s �m�a�k�e�s� �t�h�r�e�e�-�a�d�d�r�e�s�s� �c�o�d�e� �d�e�s�i�r�a�b�l�e �f�o�r� �t�a�r�g�e�t� �c�o�d�e� �g�e�n�e�r�a�t�i�o�n� �a�n�d
�o�p�t�i�m�i�z�a�t�i�o�n�.

ðØ �T�h�e� �u�s�e� �o�f� �n�a�m�e�s� �f�o�r� �t�h�e� �i�n�t�e�r�m�e�d�i�a�t�e� �v�a�l�u�e�s� �c�o�m�p�u�t�e�d� �b�y� �a� �p�r�o�g�r�a�m� �a�l�l�o�w�s� �t�h�r�e�e�-
�a�d�d�r�e�s�s� �c�o�d�e� �t�o� �b�e� �e�a�s�i�l�y� �r�e�a�r�r�a�n�g�e�d  � �u�n�l�i�k�e� �p�o�s�t�f�i�x� �n�o�t�a�t�i�o�n�.

�T�h�r�e�e�-�a�d�d�r�e�s�s� �c�o�d�e� �i�s� �a� �l�i�n�e�a�r�i�z�e�d� �r�e�p�r�e�s�e�n�t�a�t�i�o�n �o�f� �a� �s�y�n�t�a�x� �t�r�e�e� �o�r� �a� �d�a�g� �i�n� �w�h�i�c�h
�e�x�p�l�i�c�i�t� �n�a�m�e�s� �c�o�r�r�e�s�p�o�n�d� �t�o� �t�h�e� �i�n�t�e�r�i�o�r� �n�o�d�e�s� �o�f� �t�h�e� �g�r�a�p�h�.� �T�h�e� �s�y�n�t�a�x� �t�r�e�e� �a�n�d� �d�a�g� �a�r�e
�r�e�p�r�e�s�e�n�t�e�d� �b�y� �t�h�e� �t�h�r�e�e�-�a�d�d�r�e�s�s� �c�o�d�e� �s�e�q�u�e�n�c�e�s�.� �V�a�r�i�a�b�l�e� �n�a�m�e�s� �c�a�n� �a�p�p�e�a�r� �d�i�r�e�c�t�l�y� �i�n� �t�h�r�e�e�-
�a�d�d�r�e�s�s� �s�t�a�t�e�m�e�n�t�s�.

�T�h�r�e�e�-�a�d�d�r�e�s�s� �c�o�d�e �c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �t�h�e �s�y�n�t�a�x �t�r�e�e� �a�n�d� �d�a�g �g�i�v�e�n� �a�b�o�v�e

�t�1�:� �= �- �c� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �t�1�:� �= �-�c

�t�2�:� �=� � � �b� � �*� � �t�1 �t�2�:� �=� �b� �*� �t�1

�t�3�:� �= �- �c� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �t�5 �:� �=� �t�2 �+� �t�2

�t�4�:� �=� � � �b� � �*� � �t�3 �a �:� �=� �t�5

�t�5�:� �=� � � �t�2 �+� � �t�4

�a� �:� �=� � � � �t�5

�(�a�) �C�o�d�e� �f�o�r� �t�h�e� �s�y�n�t�a�x� �t�r�e�e �(�b�)� �C�o�d�e� �f�o�r� �t�h�e� �d�a�g

�T�h�e� �r�e�a�s�o�n �f�o�r� �t�h�e� �t�e�r�m�  ��t�h�r�e�e�-�a�d�d�r�e�s�s� �c�o�d�e �� �i�s� �t�h�a�t� �e�a�c�h� �s�t�a�t�e�m�e�n�t� �u�s�u�a�l�l�y� �c�o�n�t�a�i�n�s� �t�h�r�e�e
�a�d�d�r�e�s�s�e�s�,� �t�w�o� �f�o�r� �t�h�e� �o�p�e�r�a�n�d�s� �a�n�d� �o�n�e� �f�o�r� �t�h�e� �r�e�s�u�l�t�.

�T�y�p�e�s� �o�f� �T�h�r�e�e�-�A�d�d�r�e�s�s� �S�t�a�t�e�m�e�n�t�s�:

�T�h�e� �c�o�m�m�o�n� �t�h�r�e�e�-�a�d�d�r�e�s�s� �s�t�a�t�e�m�e�n�t�s� �a�r�e�:

�1�. �A�s�s�i�g�n�m�e�n�t� �s�t�a�t�e�m�e�n�t�s� �o�f� �t�h�e� �f�o�r�m�x� �: �=� �y�o�p�z�,� �w�h�e�r�e�o�p�i�s� �a� �b�i�n�a�r�y� �a�r�i�t�h�m�e�t�i�c� �o�r� �l�o�g�i�c�a�l
�o�p�e�r�a�t�i�o�n�.

�2�. �A�s�s�i�g�n�m�e�n�t� �i�n�s�t�r�u�c�t�i�o�n�s� �o�f� �t�h�e� �f�o�r�m�x� �:� �=�o�p�y�,� �w�h�e�r�e�o�p�i�s� �a� �u�n�a�r�y� �o�p�e�r�a�t�i�o�n�.� �E�s�s�e�n�t�i�a�l� �u�n�a�r�y
�o�p�e�r�a�t�i�o�n�s� �i�n�c�l�u�d�e� �u�n�a�r�y� �m�i�n�u�s�,� �l�o�g�i�c�a�l� �n�e�g�a�t�i�o�n�,� �s�h�i�f�t� �o�p�e�r�a�t�o�r�s�,� �a�n�d� �c�o�n�v�e�r�s�i�o�n� �o�p�e�r�a�t�o�r�s
�t�h�a�t�,� �f�o�r� �e�x�a�m�p�l�e�,� �c�o�n�v�e�r�t� �a� �f�i�x�e�d�-�p�o�i�n�t� �n�u�m�b�e�r� �t�o� �a� �f�l�o�a�t�i�n�g�-�p�o�i�n�t� �n�u�m�b�e�r�.

�3�.�C�o�p�y� �s�t�a�t�e�m�e�n�t�s�o�f� �t�h�e� �f�o�r�m�x� �:� �=� �y�w�h�e�r�e� �t�h�e� �v�a�l�u�e� �o�f�y�i�s� �a�s�s�i�g�n�e�d� �t�o�x�.

�4�.� � �T�h�e� �u�n�c�o�n�d�i�t�i�o�n�a�l� �j�u�m�p� �g�o�t�o �L�.� �T�h�e� �t�h�r�e�e�-�a�d�d�r�e�s�s� �s�t�a�t�e�m�e�n�t� �w�i�t�h� �l�a�b�e�l� �L� �i�s� �t�h�e� �n�e�x�t� �t�o� �b�e
�e�x�e�c�u�t�e�d�.

�5�. �C�o�n�d�i�t�i�o�n�a�l� �j�u�m�p�s� �s�u�c�h� �a�s�i�f�x� �r�e�l�o�p� �y�g�o�t�o� �L�.� �T�h�i�s� �i�n�s�t�r�u�c�t�i�o�n� �a�p�p�l�i�e�s� �a� �r�e�l�a�t�i�o�n�a�l� �o�p�e�r�a�t�o�r� �(
�<�,� �=�,� �>�=�,� �e�t�c�.� �)� �t�o�x�a�n�d�y�,� �a�n�d� �e�x�e�c�u�t�e�s� �t�h�e� �s�t�a�t�e�m�e�n�t� �w�i�t�h� �l�a�b�e�l� �L� �n�e�x�t� �i�f�x�s�t�a�n�d�s� �i�n� �r�e�l�a�t�i�o�n



�r�e�l�o�p� �t�o� �y�.� �I�f� �n�o�t�,� �t�h�e� �t�h�r�e�e�-�a�d�d�r�e�s�s� �s�t�a�t�e�m�e�n�t� �f�o�l�l�o�w�i�n�g� �i�f�x� �r�e�l�o�p� �y�g�o�t�o� �L� �i�s� �e�x�e�c�u�t�e�d� �n�e�x�t�,
�a�s� �i�n� �t�h�e� �u�s�u�a�l� �s�e�q�u�e�n�c�e�.

�6�.�p�a�r�a�m� �x�a�n�d�c�a�l�l� �p�,� �n�f�o�r� �p�r�o�c�e�d�u�r�e� �c�a�l�l�s� �a�n�d�r�e�t�u�r�n� �y�,� �w�h�e�r�e� �y� �r�e�p�r�e�s�e�n�t�i�n�g� �a� �r�e�t�u�r�n�e�d� �v�a�l�u�e
�i�s� �o�p�t�i�o�n�a�l�. �F�o�r� �e�x�a�m�p�l�e�,

�p�a�r�a�m� �x�1

�p�a�r�a�m� �x�2

�.� �.� �.
�p�a�r�a�m� �x�n

�c�a�l�l� �p�,�n
�g�e�n�e�r�a�t�e�d� �a�s� �p�a�r�t� �o�f� �a� �c�a�l�l� �o�f� �t�h�e� �p�r�o�c�e�d�u�r�e� �p�(�x�1�,� �x�2�,�  &�.� �,�x�n�)�.

�7�. �I�n�d�e�x�e�d� �a�s�s�i�g�n�m�e�n�t�s� �o�f� �t�h�e� �f�o�r�m� �x� �:� �=� �y�[�i�]� �a�n�d� �x�[�i�]� �:� �=� �y�.

�8�. �A�d�d�r�e�s�s� �a�n�d� �p�o�i�n�t�e�r� �a�s�s�i�g�n�m�e�n�t�s� �o�f� �t�h�e� �f�o�r�m� �x� �:� �=� �&�y� �,� �x� �:� �=� �*�y�,� �a�n�d� �*�x� �:� �=� �y�.

�S�y�n�t�a�x�-�D�i�r�e�c�t�e�d� �T�r�a�n�s�l�a�t�i�o�n� �i�n�t�o� �T�h�r�e�e�-�A�d�d�r�e�s�s� �C�o�d�e�:

�W�h�e�n� �t�h�r�e�e�-�a�d�d�r�e�s�s� �c�o�d�e� �i�s� �g�e�n�e�r�a�t�e�d�,� �t�e�m�p�o�r�a�r�y� �n�a�m�e�s� �a�r�e� �m�a�d�e� �u�p� �f�o�r� �t�h�e� �i�n�t�e�r�i�o�r
�n�o�d�e�s� �o�f� �a� �s�y�n�t�a�x� �t�r�e�e�. �F�o�r �e�x�a�m�p�l�e�,�i�d� �:� �=�E�c�o�n�s�i�s�t�s� �o�f� �c�o�d�e� �t�o� �e�v�a�l�u�a�t�e�E�i�n�t�o� �s�o�m�e� �t�e�m�p�o�r�a�r�y
�t�,� �f�o�l�l�o�w�e�d� �b�y� �t�h�e� �a�s�s�i�g�n�m�e�n�t�i�d�.�p�l�a�c�e�:� �=�t�.

�G�i�v�e�n� �i�n�p�u�t� �a� �:� �=� �b� �* �- �c� �+� �b� �* �- �c�,� �t�h�e� �t�h�r�e�e�-�a�d�d�r�e�s�s� �c�o�d�e� �i�s� �a�s� �s�h�o�w�n� �a�b�o�v�e�.� �T�h�e
�s�y�n�t�h�e�s�i�z�e�d� �a�t�t�r�i�b�u�t�e�S�.�c�o�d�e�r�e�p�r�e�s�e�n�t�s� �t�h�e� �t�h�r�e�e�-�a�d�d�r�e�s�s� �c�o�d�e� �f�o�r� �t�h�e� �a�s�s�i�g�n�m�e�n�t�S�.
�T�h�e� �n�o�n�t�e�r�m�i�n�a�l�E�h�a�s� �t�w�o� �a�t�t�r�i�b�u�t�e�s� �:
�1�.�E�.�p�l�a�c�e�,� �t�h�e� �n�a�m�e� �t�h�a�t� �w�i�l�l� �h�o�l�d� �t�h�e� �v�a�l�u�e� �o�f�E�, �a�n�d
�2�.�E�.�c�o�d�e�,� �t�h�e� �s�e�q�u�e�n�c�e� �o�f� �t�h�r�e�e�-�a�d�d�r�e�s�s� �s�t�a�t�e�m�e�n�t�s� �e�v�a�l�u�a�t�i�n�g�E�.

�S�y�n�t�a�x�-�d�i�r�e�c�t�e�d� �d�e�f�i�n�i�t�i�o�n� �t�o� �p�r�o�d�u�c�e� �t�h�r�e�e�-�a�d�d�r�e�s�s� �c�o�d�e� �f�o�r� �a�s�s�i�g�n�m�e�n�t�s

�P�R�O�D�U�C�T�I�O�N �S�E�M�A�N�T�I�C� �R�U�L�E�S

�Sðà �i�d� �:� �=� �E �S�.�c�o�d�e� �:� �=� �E�.�c�o�d�e�|�|�g�e�n�(�i�d�.�p�l�a�c�e�  ��:�= �� �E�.�p�l�a�c�e�)

�Eðà �E�1�+� �E�2 �E�.�p�l�a�c�e� �:�=� �n�e�w�t�e�m�p�;
�E�.�c�o�d�e� �:�=� �E�1�.�c�o�d�e�|�|�E�2�.�c�o�d�e�|�|�g�e�n�(�E�.�p�l�a�c�e�  ��:�= �� �E�1�.�p�l�a�c�e�  ��+ �� �E�2�.�p�l�a�c�e�)

�Eðà �E�1�*� �E�2 �E�.�p�l�a�c�e� �:�=� �n�e�w�t�e�m�p�;
�E�.�c�o�d�e� �:�=� �E�1�.�c�o�d�e� �|�|� �E�2�.�c�o�d�e� �|�|� �g�e�n�(�E�.�p�l�a�c�e�  ��:�= �� �E�1�.�p�l�a�c�e�  ��* �� �E�2�.�p�l�a�c�e�)

�Eðà �- �E�1 �E�.�p�l�a�c�e� �:�=� �n�e�w�t�e�m�p�;
�E�.�c�o�d�e� �:�=� �E�1�.�c�o�d�e� �|�| �g�e�n�(�E�.�p�l�a�c�e�  ��:�= �  ��u�m�i�n�u�s � �E�1�.�p�l�a�c�e�)

�Eðà �( �E�1�) �E�.�p�l�a�c�e� �:� �=� �E�1�.�p�l�a�c�e�;
�E�.�c�o�d�e� �:� �=� �E�1�.�c�o�d�e

�Eðà �i�d �E�.�p�l�a�c�e� �:� �=� �i�d�.�p�l�a�c�e�;
�E�.�c�o�d�e� �:� �=�  ��  �



�S�e�m�a�n�t�i�c� �r�u�l�e�s� �g�e�n�e�r�a�t�i�n�g� �c�o�d�e� �f�o�r� �a� �w�h�i�l�e� �s�t�a�t�e�m�e�n�t

�S�.�b�e�g�i�n�:

�E�.�c�o�d�e

�i�f �E�.�p�l�a�c�e� �=� �0� �g�o�t�o� �S�.�a�f�t�e�r

�S�1�.�c�o�d�e

�g�o�t�o� �S�.�b�e�g�i�n

�S�.�a�f�t�e�r�: �.� �.� �.

�P�R�O�D�U�C�T�I�O�N �S�E�M�A�N�T�I�C� �R�U�L�E�S

�Sðà �w�h�i�l�e�E�d�o�S�1 �S�.�b�e�g�i�n� �:�=� �n�e�w�l�a�b�e�l�;
�S�.�a�f�t�e�r� �:�=� �n�e�w�l�a�b�e�l�;
�S�.�c�o�d�e� �:�=� �g�e�n�(�S�.�b�e�g�i�n�  ��: ��)� �|�|

�E�.�c�o�d�e� �|�|
�g�e�n �(�  ��i�f �� �E�.�p�l�a�c�e�  ��= ��  ��0 ��  ��g�o�t�o �� �S�.�a�f�t�e�r�)�|�|
�S�1�.�c�o�d�e� �|�|
�g�e�n �(�  ��g�o�t�o �� �S�.�b�e�g�i�n�)� �|�|
�g�e�n �( �S�.�a�f�t�e�r�  ��: ��)

ðØ �T�h�e� �f�u�n�c�t�i�o�n�n�e�w�t�e�m�p�r�e�t�u�r�n�s� �a� �s�e�q�u�e�n�c�e� �o�f� �d�i�s�t�i�n�c�t� �n�a�m�e�s� �t�1�,�t�2�, &�.�.� �i�n� �r�e�s�p�o�n�s�e� �t�o
�s�u�c�c�e�s�s�i�v�e� �c�a�l�l�s�.

ðØ �N�o�t�a�t�i�o�n�g�e�n�(�x�  ��:�= �� �y�  ��+ �� �z�)�i�s� �u�s�e�d� �t�o� �r�e�p�r�e�s�e�n�t� �t�h�r�e�e�-�a�d�d�r�e�s�s� �s�t�a�t�e�m�e�n�t� �x� �:�=� �y� �+� �z�.
�E�x�p�r�e�s�s�i�o�n�s� �a�p�p�e�a�r�i�n�g� �i�n�s�t�e�a�d� �o�f� �v�a�r�i�a�b�l�e�s� �l�i�k�e�x�, �y�a�n�d�z�a�r�e� �e�v�a�l�u�a�t�e�d� �w�h�e�n� �p�a�s�s�e�d� �t�o
�g�e�n�,� �a�n�d� �q�u�o�t�e�d� �o�p�e�r�a�t�o�r�s� �o�r� �o�p�e�r�a�n�d�,� �l�i�k�e�  ��+ �� �a�r�e� �t�a�k�e�n� �l�i�t�e�r�a�l�l�y�.

ðØ �F�l�o�w�-�o�f ��c�o�n�t�r�o�l� �s�t�a�t�e�m�e�n�t�s� �c�a�n� �b�e� �a�d�d�e�d� �t�o� �t�h�e� �l�a�n�g�u�a�g�e� �o�f� �a�s�s�i�g�n�m�e�n�t�s�.� �T�h�e� �c�o�d�e� �f�o�r�S
ðà �w�h�i�l�e�E�d�o�S�1 �i�s� �g�e�n�e�r�a�t�e�d� �u�s�i�n�g� �n�e�w� �a�t�t�r�i�b�u�t�e�s�S�.�b�e�g�i�n�a�n�d�S�.�a�f�t�e�r�t�o� �m�a�r�k� �t�h�e� �f�i�r�s�t
�s�t�a�t�e�m�e�n�t� �i�n� �t�h�e� �c�o�d�e� �f�o�r�E�a�n�d� �t�h�e� �s�t�a�t�e�m�e�n�t� �f�o�l�l�o�w�i�n�g� �t�h�e� �c�o�d�e� �f�o�r� �S�, �r�e�s�p�e�c�t�i�v�e�l�y�.

ðØ �T�h�e� �f�u�n�c�t�i�o�n�n�e�w�l�a�b�e�l�r�e�t�u�r�n�s� �a� �n�e�w� �l�a�b�e�l� �e�v�e�r�y� �t�i�m�e� �i�t� �i�s� �c�a�l�l�e�d�.
ðØ �W�e� �a�s�s�u�m�e� �t�h�a�t� �a� �n�o�n�-�z�e�r�o� �e�x�p�r�e�s�s�i�o�n� �r�e�p�r�e�s�e�n�t�s� �t�r�u�e�;� �t�h�a�t� �i�s� �w�h�e�n� �t�h�e� �v�a�l�u�e� �o�f�E

�b�e�c�o�m�e�s� �z�e�r�o�, �c�o�n�t�r�o�l� �l�e�a�v�e�s� �t�h�e� �w�h�i�l�e� �s�t�a�t�e�m�e�n�t�.

�I�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �T�h�r�e�e�-�A�d�d�r�e�s�s� �S�t�a�t�e�m�e�n�t�s�:

�A� �t�h�r�e�e�-�a�d�d�r�e�s�s� �s�t�a�t�e�m�e�n�t� �i�s� �a�n� �a�b�s�t�r�a�c�t� �f�o�r�m� �o�f� �i�n�t�e�r�m�e�d�i�a�t�e� �c�o�d�e�.� �I�n� �a� �c�o�m�p�i�l�e�r�,
�t�h�e�s�e� �s�t�a�t�e�m�e�n�t�s� �c�a�n� �b�e� �i�m�p�l�e�m�e�n�t�e�d� �a�s� �r�e�c�o�r�d�s� �w�i�t�h� �f�i�e�l�d�s� �f�o�r� �t�h�e� �o�p�e�r�a�t�o�r� �a�n�d� �t�h�e� �o�p�e�r�a�n�d�s�.
�T�h�r�e�e� �s�u�c�h� �r�e�p�r�e�s�e�n�t�a�t�i�o�n�s� �a�r�e�:



ðØ �Q�u�a�d�r�u�p�l�e�s

ðØ �T�r�i�p�l�e�s

ðØ �I�n�d�i�r�e�c�t� �t�r�i�p�l�e�s

�Q�u�a�d�r�u�p�l�e�s�:

ðØ �A� �q�u�a�d�r�u�p�l�e� �i�s� �a� �r�e�c�o�r�d� �s�t�r�u�c�t�u�r�e� �w�i�t�h� �f�o�u�r� �f�i�e�l�d�s�,� �w�h�i�c�h� �a�r�e�,�o�p�, �a�r�g�1�, �a�r�g�2�a�n�d�r�e�s�u�l�t�.

ðØ �T�h�e�o�p�f�i�e�l�d� �c�o�n�t�a�i�n�s� �a�n� �i�n�t�e�r�n�a�l� �c�o�d�e� �f�o�r� �t�h�e� �o�p�e�r�a�t�o�r�.� �T�h�e� �t�h�r�e�e�-�a�d�d�r�e�s�s� �s�t�a�t�e�m�e�n�t�x� �:� �=
�y� �o�p� �z�i�s� �r�e�p�r�e�s�e�n�t�e�d� �b�y� �p�l�a�c�i�n�g�y�i�n�a�r�g�1�,�z�i�n�a�r�g�2�a�n�d�x�i�n�r�e�s�u�l�t�.

ðØ �T�h�e� �c�o�n�t�e�n�t�s� �o�f� �f�i�e�l�d�s� �a�r�g�1�,� �a�r�g�2� �a�n�d� �r�e�s�u�l�t� �a�r�e� �n�o�r�m�a�l�l�y� �p�o�i�n�t�e�r�s� �t�o� �t�h�e� �s�y�m�b�o�l�-�t�a�b�l�e
�e�n�t�r�i�e�s� �f�o�r� �t�h�e� �n�a�m�e�s� �r�e�p�r�e�s�e�n�t�e�d� �b�y� �t�h�e�s�e� �f�i�e�l�d�s�.� �I�f� �s�o�,� �t�e�m�p�o�r�a�r�y� �n�a�m�e�s� �m�u�s�t� �b�e� �e�n�t�e�r�e�d
�i�n�t�o� �t�h�e� �s�y�m�b�o�l� �t�a�b�l�e� �a�s� �t�h�e�y� �a�r�e� �c�r�e�a�t�e�d�.

�T�r�i�p�l�e�s�:

ðØ �T�o� �a�v�o�i�d� �e�n�t�e�r�i�n�g� �t�e�m�p�o�r�a�r�y� �n�a�m�e�s� �i�n�t�o� �t�h�e� �s�y�m�b�o�l� �t�a�b�l�e�,� �w�e� �m�i�g�h�t� �r�e�f�e�r� �t�o� �a� �t�e�m�p�o�r�a�r�y
�v�a�l�u�e� �b�y� �t�h�e� �p�o�s�i�t�i�o�n� �o�f� �t�h�e� �s�t�a�t�e�m�e�n�t� �t�h�a�t� �c�o�m�p�u�t�e�s� �i�t�.

ðØ �I�f� �w�e� �d�o� �s�o�,� �t�h�r�e�e�-�a�d�d�r�e�s�s� �s�t�a�t�e�m�e�n�t�s� �c�a�n� �b�e� �r�e�p�r�e�s�e�n�t�e�d� �b�y� �r�e�c�o�r�d�s� �w�i�t�h� �o�n�l�y� �t�h�r�e�e� �f�i�e�l�d�s�:
�o�p�,� �a�r�g�1�a�n�d�a�r�g�2�.

ðØ �T�h�e �f�i�e�l�d�s�a�r�g�1�a�n�d�a�r�g�2�,� �f�o�r� �t�h�e� �a�r�g�u�m�e�n�t�s� �o�f�o�p�,� �a�r�e� �e�i�t�h�e�r� �p�o�i�n�t�e�r�s� �t�o� �t�h�e� �s�y�m�b�o�l� �t�a�b�l�e
�o�r� �p�o�i�n�t�e�r�s� �i�n�t�o� �t�h�e� �t�r�i�p�l�e� �s�t�r�u�c�t�u�r�e �(� �f�o�r� �t�e�m�p�o�r�a�r�y� �v�a�l�u�e�s� �)�.

ðØ �S�i�n�c�e� �t�h�r�e�e� �f�i�e�l�d�s� �a�r�e� �u�s�e�d�,� �t�h�i�s� �i�n�t�e�r�m�e�d�i�a�t�e� �c�o�d�e� �f�o�r�m�a�t� �i�s� �k�n�o�w�n� �a�s�t�r�i�p�l�e�s�.

�o�p �a�r�g�1 �a�r�g�2� � � � � �r�e�s�u�l�t �o�p �a�r�g�1� � � � � � � � � �a�r�g�2

�(�0�)� � � � � �u�m�i�n�u�s �c �t�1 �(�0�) �u�m�i�n�u�s� � � � � � � � � �c

�(�1�)� � � � � � � � � �*� � � � � � � � � � � � � � � � � � �b� � � � � � � � � �t�1 �t�2 �(�1�) �* �b� � � � � � � � � � � � � �(�0�)

�(�2�)� � � � � � �u�m�i�n�u�s �c �t�3 �(�2�) �u�m�i�n�u�s� � � � � � � � � �c

�(�3�)� � � � � � � � � � �*� � � � � � � � � � � � � � � � � �b �t�3 �t�4 �(�3�)� � � � � � � � �* �b �(�2�)

�(�4�)� � � � � � � � � � �+ �t�2 �t�4 �t�5 �(�4�) �+ �(�1�) �(�3�)

�(�5�)� � � � � � � � � � �:� �=� � � � � � � � � � � � � � � �t�3 �a �(�5�) �a�s�s�i�g�n� � � � � � � � � � � �a �(�4�)

�(�a�) �Q�u�a�d�r�u�p�l�e�s �(�b�)� �T�r�i�p�l�e�s

�Q�u�a�d�r�u�p�l�e� �a�n�d� �t�r�i�p�l�e� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �t�h�r�e�e�-�a�d�d�r�e�s�s� �s�t�a�t�e�m�e�n�t�s�g�i�v�e�n� �a�b�o�v�e



�A� �t�e�r�n�a�r�y� �o�p�e�r�a�t�i�o�n� �l�i�k�e� �x�[�i�]� �:� �=� �y� �r�e�q�u�i�r�e�s� �t�w�o� �e�n�t�r�i�e�s� �i�n� �t�h�e� �t�r�i�p�l�e� �s�t�r�u�c�t�u�r�e� �a�s� �s�h�o�w�n� �a�s� �b�e�l�o�w
�w�h�i�l�e� �x� �:� �=� �y�[�i�]� �i�s� �n�a�t�u�r�a�l�l�y� �r�e�p�r�e�s�e�n�t�e�d� �a�s� �t�w�o� �o�p�e�r�a�t�i�o�n�s�.

�o�p� � � � � � � � � � �a�r�g�1� � � � � � �a�r�g�2 �o�p� � � � � � � � � � �a�r�g�1 �a�r�g�2

�(�0�)� � � � � � � � � �[� �]� �=� � � � � � � � � � � �x� � � � � � � � � � � � � �i �(�0�)� � � � � � �= �[� �]� � � � � � � � � � � � �y� � � � � � � � � � � � � � � �i

�(�1�)� � � � � � � � �a�s�s�i�g�n� � � � � � � � �(�0�)� � � � � � � � � �y �(�1�)� � � � � � �a�s�s�i�g�n �x� � � � � � � � � � � � � �(�0�)

�(�a�) �x�[�i�]� �:� �=� �y� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �(�b�)� �x� �:� �=� �y�[�i�]

�I�n�d�i�r�e�c�t� �T�r�i�p�l�e�s�:

ðØ �A�n�o�t�h�e�r� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �t�h�r�e�e�-�a�d�d�r�e�s�s� �c�o�d�e� �i�s� �t�h�a�t �o�f� �l�i�s�t�i�n�g� �p�o�i�n�t�e�r�s� �t�o� �t�r�i�p�l�e�s�,� �r�a�t�h�e�r
�t�h�a�n� �l�i�s�t�i�n�g� �t�h�e� �t�r�i�p�l�e�s� �t�h�e�m�s�e�l�v�e�s�.� �T�h�i�s� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �i�s� �c�a�l�l�e�d� �i�n�d�i�r�e�c�t� �t�r�i�p�l�e�s�.

ðØ �F�o�r� �e�x�a�m�p�l�e�,� �l�e�t� �u�s� �u�s�e� �a�n� �a�r�r�a�y� �s�t�a�t�e�m�e�n�t� �t�o� �l�i�s�t� �p�o�i�n�t�e�r�s� �t�o� �t�r�i�p�l�e�s� �i�n� �t�h�e� �d�e�s�i�r�e�d� �o�r�d�e�r�.
�T�h�e�n� �t�h�e� �t�r�i�p�l�e�s �s�h�o�w�n� �a�b�o�v�e �m�i�g�h�t� �b�e� �r�e�p�r�e�s�e�n�t�e�d� �a�s� �f�o�l�l�o�w�s�:

�s�t�a�t�e�m�e�n�t� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �o�p� � � � � � � � � � � � � � �a�r�g�1� � � � � � � � � �a�r�g�2

�(�0�) �(�1�4�) �(�1�4�) �u�m�i�n�u�s �c
�(�1�) �(�1�5�) �(�1�5�) �* �b �(�1�4�)
�(�2�) �(�1�6�)� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �(�1�6�) �u�m�i�n�u�s �c
�(�3�) �(�1�7�) �(�1�7�) �*� � � � � � � � � � � � � � � � � � �b �(�1�6�)
�(�4�) �(�1�8�)� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �(�1�8�)� � � � � � � � � � � � �+� � � � � � � � � � � � � � � �(�1�5�) �(�1�7�)
�(�5�) �(�1�9�) �(�1�9�)� � � � � � � �a�s�s�i�g�n� � � � � � � � � � � � � � � �a �(�1�8�)

�I�n�d�i�r�e�c�t� �t�r�i�p�l�e�s� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �o�f� �t�h�r�e�e�-�a�d�d�r�e�s�s� �s�t�a�t�e�m�e�n�t�s

�D�E�C�L�A�R�A�T�I�O�N�S

�A�s� �t�h�e� �s�e�q�u�e�n�c�e� �o�f� �d�e�c�l�a�r�a�t�i�o�n�s� �i�n� �a� �p�r�o�c�e�d�u�r�e� �o�r� �b�l�o�c�k� �i�s� �e�x�a�m�i�n�e�d�,� �w�e� �c�a�n� �l�a�y� �o�u�t
�s�t�o�r�a�g�e� �f�o�r� �n�a�m�e�s� �l�o�c�a�l� �t�o� �t�h�e� �p�r�o�c�e�d�u�r�e�.� �F�o�r� �e�a�c�h� �l�o�c�a�l� �n�a�m�e�,� �w�e� �c�r�e�a�t�e� �a� �s�y�m�b�o�l�-�t�a�b�l�e� �e�n�t�r�y
�w�i�t�h� �i�n�f�o�r�m�a�t�i�o�n� �l�i�k�e� �t�h�e� �t�y�p�e� �a�n�d� �t�h�e� �r�e�l�a�t�i�v�e� �a�d�d�r�e�s�s� �o�f� �t�h�e� �s�t�o�r�a�g�e� �f�o�r� �t�h�e� �n�a�m�e�.� �T�h�e� �r�e�l�a�t�i�v�e
�a�d�d�r�e�s�s� �c�o�n�s�i�s�t�s� �o�f� �a�n� �o�f�f�s�e�t� �f�r�o�m� �t�h�e� �b�a�s�e� �o�f� �t�h�e� �s�t�a�t�i�c� �d�a�t�a� �a�r�e�a� �o�r� �t�h�e� �f�i�e�l�d� �f�o�r� �l�o�c�a�l� �d�a�t�a� �i�n� �a�n
�a�c�t�i�v�a�t�i�o�n� �r�e�c�o�r�d�.



�D�e�c�l�a�r�a�t�i�o�n�s �i�n� �a� �P�r�o�c�e�d�u�r�e�:
�T�h�e� �s�y�n�t�a�x� �o�f� �l�a�n�g�u�a�g�e�s� �s�u�c�h� �a�s� �C�,� �P�a�s�c�a�l� �a�n�d� �F�o�r�t�r�a�n�,� �a�l�l�o�w�s� �a�l�l� �t�h�e� �d�e�c�l�a�r�a�t�i�o�n�s� �i�n� �a

�s�i�n�g�l�e� �p�r�o�c�e�d�u�r�e� �t�o� �b�e� �p�r�o�c�e�s�s�e�d� �a�s� �a� �g�r�o�u�p�.� �I�n� �t�h�i�s� �c�a�s�e�,� �a� �g�l�o�b�a�l� �v�a�r�i�a�b�l�e�,� �s�a�y�o�f�f�s�e�t�,� �c�a�n� �k�e�e�p
�t�r�a�c�k� �o�f� �t�h�e� �n�e�x�t� �a�v�a�i�l�a�b�l�e� �r�e�l�a�t�i�v�e� �a�d�d�r�e�s�s�.

�I�n� �t�h�e� �t�r�a�n�s�l�a�t�i�o�n� �s�c�h�e�m�e �s�h�o�w�n� �b�e�l�o�w�:

ðØ �N�o�n�t�e�r�m�i�n�a�l� �P� �g�e�n�e�r�a�t�e�s� �a� �s�e�q�u�e�n�c�e� �o�f� �d�e�c�l�a�r�a�t�i�o�n�s� �o�f� �t�h�e� �f�o�r�m�i�d� �:�T�.

ðØ �B�e�f�o�r�e� �t�h�e� �f�i�r�s�t� �d�e�c�l�a�r�a�t�i�o�n� �i�s� �c�o�n�s�i�d�e�r�e�d�,�o�f�f�s�e�t�i�s� �s�e�t� �t�o� �0�.� �A�s� �e�a�c�h� �n�e�w� �n�a�m�e� �i�s� �s�e�e�n� �,
�t�h�a�t� �n�a�m�e� �i�s� �e�n�t�e�r�e�d� �i�n� �t�h�e� �s�y�m�b�o�l� �t�a�b�l�e� �w�i�t�h� �o�f�f�s�e�t� �e�q�u�a�l �t�o� �t�h�e� �c�u�r�r�e�n�t� �v�a�l�u�e� �o�f�o�f�f�s�e�t�,
�a�n�d�o�f�f�s�e�t�i�s� �i�n�c�r�e�m�e�n�t�e�d� �b�y� �t�h�e� �w�i�d�t�h� �o�f� �t�h�e �d�a�t�a� �o�b�j�e�c�t� �d�e�n�o�t�e�d� �b�y� �t�h�a�t� �n�a�m�e�.

ðØ �T�h�e� �p�r�o�c�e�d�u�r�e�e�n�t�e�r�(� �n�a�m�e�,� �t�y�p�e�,� �o�f�f�s�e�t�)� �c�r�e�a�t�e�s� �a� �s�y�m�b�o�l�-�t�a�b�l�e� �e�n�t�r�y� �f�o�r�n�a�m�e�,� �g�i�v�e�s� �i�t�s
�t�y�p�e�t�y�p�e�a�n�d� �r�e�l�a�t�i�v�e� �a�d�d�r�e�s�s�o�f�f�s�e�t�i�n� �i�t�s� �d�a�t�a� �a�r�e�a�.

ðØ �A�t�t�r�i�b�u�t�e�t�y�p�e�r�e�p�r�e�s�e�n�t�s� �a� �t�y�p�e� �e�x�p�r�e�s�s�i�o�n� �c�o�n�s�t�r�u�c�t�e�d� �f�r�o�m� �t�h�e� �b�a�s�i�c� �t�y�p�e�s�i�n�t�e�g�e�r�a�n�d
�r�e�a�l�b�y� �a�p�p�l�y�i�n�g� �t�h�e� �t�y�p�e� �c�o�n�s�t�r�u�c�t�o�r�s�p�o�i�n�t�e�r�a�n�d�a�r�r�a�y�.� �I�f� �t�y�p�e� �e�x�p�r�e�s�s�i�o�n�s� �a�r�e
�r�e�p�r�e�s�e�n�t�e�d� �b�y� �g�r�a�p�h�s�,� �t�h�e�n� �a�t�t�r�i�b�u�t�e�t�y�p�e�m�i�g�h�t� �b�e� �a� �p�o�i�n�t�e�r� �t�o� �t�h�e� �n�o�d�e� �r�e�p�r�e�s�e�n�t�i�n�g� �a
�t�y�p�e� �e�x�p�r�e�s�s�i�o�n�.

ðØ �T�h�e� �w�i�d�t�h� �o�f� �a�n� �a�r�r�a�y� �i�s� �o�b�t�a�i�n�e�d� �b�y� �m�u�l�t�i�p�l�y�i�n�g� �t�h�e� �w�i�d�t�h� �o�f� �e�a�c�h� �e�l�e�m�e�n�t� �b�y� �t�h�e
�n�u�m�b�e�r� �o�f� �e�l�e�m�e�n�t�s� �i�n� �t�h�e� �a�r�r�a�y�.� �T�h�e� �w�i�d�t�h� �o�f� �e�a�c�h� �p�o�i�n�t�e�r� �i�s� �a�s�s�u�m�e�d� �t�o� �b�e� �4�.

�C�o�m�p�u�t�i�n�g� �t�h�e� �t�y�p�e�s� �a�n�d� �r�e�l�a�t�i�v�e� �a�d�d�r�e�s�s�e�s� �o�f� �d�e�c�l�a�r�e�d� �n�a�m�e�s

�P ðà �D� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �{� �o�f�f�s�e�t� �:� �=� �0� �}

�Dðà �D� �;� �D

�Dðà �i�d� �:� �T� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �{� �e�n�t�e�r�(�i�d�.�n�a�m�e�,� �T�.�t�y�p�e�,� �o�f�f�s�e�t�)�;
�o�f�f�s�e�t� �:� �=� �o�f�f�s�e�t� �+� �T�.�w�i�d�t�h� �}

�Tðà �i�n�t�e�g�e�r �{� �T�.�t�y�p�e� �:� �=� �i�n�t�e�g�e�r�;
�T�.�w�i�d�t�h� �:� �=� �4� �}

�Tðà �r�e�a�l �{� �T�.�t�y�p�e� �:� �=� �r�e�a�l�;
�T�.�w�i�d�t�h� �:� �= �8� �}

�Tðà �a�r�r�a�y� �[� �n�u�m� �]� �o�f� �T�1 �{� �T�.�t�y�p�e� �:� �=� �a�r�r�a�y�(�n�u�m�.�v�a�l�,� �T�1�.�t�y�p�e�)�;
�T�.�w�i�d�t�h� �:� �=� �n�u�m�.�v�a�l� �X� �T�1�.�w�i�d�t�h� �}

�Tðà !‘ �T�1 �{� �T�.�t�y�p�e� �:� �=� �p�o�i�n�t�e�r� �(� �T�1�.�t�y�p�e�)�;
�T�.�w�i�d�t�h� �:� �=� �4� �}



�K�e�e�p�i�n�g� �T�r�a�c�k� �o�f� �S�c�o�p�e� �I�n�f�o�r�m�a�t�i�o�n�:

�W�h�e�n� �a� �n�e�s�t�e�d� �p�r�o�c�e�d�u�r�e� �i�s �s�e�e�n�,� �p�r�o�c�e�s�s�i�n�g� �o�f� �d�e�c�l�a�r�a�t�i�o�n�s� �i�n� �t�h�e� �e�n�c�l�o�s�i�n�g� �p�r�o�c�e�d�u�r�e� �i�s
�t�e�m�p�o�r�a�r�i�l�y� �s�u�s�p�e�n�d�e�d�.� �T�h�i�s� �a�p�p�r�o�a�c�h� �w�i�l�l� �b�e� �i�l�l�u�s�t�r�a�t�e�d� �b�y� �a�d�d�i�n�g� �s�e�m�a�n�t�i�c� �r�u�l�e�s� �t�o� �t�h�e
�f�o�l�l�o�w�i�n�g� �l�a�n�g�u�a�g�e�:

�Pðà �D

�Dðà �D �;� �D� �|�i�d�:� �T� �|�p�r�o�c� �i�d�;� �D� �;� �S

�O�n�e� �p�o�s�s�i�b�l�e �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �a� �s�y�m�b�o�l� �t�a�b�l�e� �i�s� �a� �l�i�n�k�e�d� �l�i�s�t� �o�f� �e�n�t�r�i�e�s� �f�o�r� �n�a�m�e�s�.

�A� �n�e�w� �s�y�m�b�o�l� �t�a�b�l�e� �i�s� �c�r�e�a�t�e�d� �w�h�e�n� �a� �p�r�o�c�e�d�u�r�e� �d�e�c�l�a�r�a�t�i�o�n�Dðà �p�r�o�c� �i�d�D�1�;�S�i�s� �s�e�e�n�,
�a�n�d� �e�n�t�r�i�e�s� �f�o�r� �t�h�e� �d�e�c�l�a�r�a�t�i�o�n�s� �i�n� �D�1 �a�r�e� �c�r�e�a�t�e�d� �i�n� �t�h�e� �n�e�w� �t�a�b�l�e�.� �T�h�e� �n�e�w� �t�a�b�l�e� �p�o�i�n�t�s� �b�a�c�k� �t�o
�t�h�e� �s�y�m�b�o�l� �t�a�b�l�e� �o�f� �t�h�e� �e�n�c�l�o�s�i�n�g� �p�r�o�c�e�d�u�r�e�; �t�h�e� �n�a�m�e� �r�e�p�r�e�s�e�n�t�e�d� �b�y� �i�d� �i�t�s�e�l�f� �i�s� �l�o�c�a�l� �t�o� �t�h�e
�e�n�c�l�o�s�i�n�g� �p�r�o�c�e�d�u�r�e�.� �T�h�e� �o�n�l�y� �c�h�a�n�g�e� �f�r�o�m� �t�h�e� �t�r�e�a�t�m�e�n�t� �o�f� �v�a�r�i�a�b�l�e� �d�e�c�l�a�r�a�t�i�o�n�s �i�s� �t�h�a�t� �t�h�e
�p�r�o�c�e�d�u�r�e�e�n�t�e�r�i�s� �t�o�l�d� �w�h�i�c�h� �s�y�m�b�o�l� �t�a�b�l�e� �t�o� �m�a�k�e� �a�n� �e�n�t�r�y� �i�n�.

�F�o�r� �e�x�a�m�p�l�e�,� �c�o�n�s�i�d�e�r� �t�h�e� �s�y�m�b�o�l� �t�a�b�l�e�s� �f�o�r� �p�r�o�c�e�d�u�r�e�s�r�e�a�d�a�r�r�a�y�,� �e�x�c�h�a�n�g�e�,� �a�n�d
�q�u�i�c�k�s�o�r�t�p�o�i�n�t�i�n�g �b�a�c�k� �t�o� �t�h�a�t� �f�o�r� �t�h�e� �c�o�n�t�a�i�n�i�n�g� �p�r�o�c�e�d�u�r�e�s�o�r�t�,� �c�o�n�s�i�s�t�i�n�g� �o�f� �t�h�e� �e�n�t�i�r�e
�p�r�o�g�r�a�m�.� �S�i�n�c�e�p�a�r�t�i�t�i�o�n�i�s� �d�e�c�l�a�r�e�d� �w�i�t�h�i�n�q�u�i�c�k�s�o�r�t�,� �i�t�s� �t�a�b�l�e� �p�o�i�n�t�s� �t�o� �t�h�a�t� �o�f�q�u�i�c�k�s�o�r�t�.

�S�y�m�b�o�l� �t�a�b�l�e�s �f�o�r� �n�e�s�t�e�d� �p�r�o�c�e�d�u�r�e�s

�s�o�r�t

�t�o� �r�e�a�d�a�r�r�a�y
�t�o� �e�x�c�h�a�n�g�e

�r�e�a�d�a�r�r�a�y �e�x�c�h�a�n�g�e �q�u�i�c�k�s�o�r�t

�p�a�r�t�i�t�i�o�n

�h�e�a�d�e�r �h�e�a�d�e�r

�i

�h�e�a�d�e�r

�a

�x

�r�e�a�d�a�r�r�a�y

�e�x�c�h�a�n�g�e

�q�u�i�c�k�s�o�r�t

�n�i�l� � � � � � � � �h�e�a�d�e�r

�i �k

�v

�p�a�r�t�i�t�i�o�n

�h�e�a�d�e�r

�j



�T�h�e� �s�e�m�a�n�t�i�c� �r�u�l�e�s� �a�r�e� �d�e�f�i�n�e�d� �i�n� �t�e�r�m�s� �o�f� �t�h�e� �f�o�l�l�o�w�i�n�g� �o�p�e�r�a�t�i�o�n�s�:

�1�. �m�k�t�a�b�l�e�(�p�r�e�v�i�o�u�s�)�c�r�e�a�t�e�s� �a� �n�e�w� �s�y�m�b�o�l� �t�a�b�l�e� �a�n�d� �r�e�t�u�r�n�s� �a� �p�o�i�n�t�e�r� �t�o� �t�h�e� �n�e�w� �t�a�b�l�e�. �T�h�e
�a�r�g�u�m�e�n�t�p�r�e�v�i�o�u�s�p�o�i�n�t�s� �t�o� �a� �p�r�e�v�i�o�u�s�l�y� �c�r�e�a�t�e�d� �s�y�m�b�o�l� �t�a�b�l�e�,� �p�r�e�s�u�m�a�b�l�y� �t�h�a�t� �f�o�r� �t�h�e
�e�n�c�l�o�s�i�n�g� �p�r�o�c�e�d�u�r�e�.

�2�.�e�n�t�e�r�(�t�a�b�l�e�, �n�a�m�e�, �t�y�p�e�, �o�f�f�s�e�t�)�c�r�e�a�t�e�s� �a� �n�e�w� �e�n�t�r�y� �f�o�r� �n�a�m�e�n�a�m�e�i�n� �t�h�e� �s�y�m�b�o�l� �t�a�b�l�e� �p�o�i�n�t�e�d
�t�o� �b�y�t�a�b�l�e�.�A�g�a�i�n�,�e�n�t�e�r�p�l�a�c�e�s� �t�y�p�e�t�y�p�e�a�n�d� �r�e�l�a�t�i�v�e� �a�d�d�r�e�s�s�o�f�f�s�e�t�i�n� �f�i�e�l�d�s� �w�i�t�h�i�n� �t�h�e� �e�n�t�r�y�.

�3�. �a�d�d�w�i�d�t�h�(�t�a�b�l�e�, �w�i�d�t�h�)�r�e�c�o�r�d�s� �t�h�e� �c�u�m�u�l�a�t�i�v�e� �w�i�d�t�h� �o�f� �a�l�l� �t�h�e� �e�n�t�r�i�e�s� �i�n� �t�a�b�l�e� �i�n� �t�h�e� �h�e�a�d�e�r
�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�i�s� �s�y�m�b�o�l� �t�a�b�l�e�.

�4�.�e�n�t�e�r�p�r�o�c�(�t�a�b�l�e�,� �n�a�m�e�,� �n�e�w�t�a�b�l�e�)�c�r�e�a�t�e�s� �a� �n�e�w� �e�n�t�r�y� �f�o�r� �p�r�o�c�e�d�u�r�e�n�a�m�e�i�n� �t�h�e� �s�y�m�b�o�l� �t�a�b�l�e
�p�o�i�n�t�e�d� �t�o� �b�y�t�a�b�l�e�.� �T�h�e� �a�r�g�u�m�e�n�t�n�e�w�t�a�b�l�e�p�o�i�n�t�s� �t�o� �t�h�e� �s�y�m�b�o�l� �t�a�b�l�e� �f�o�r� �t�h�i�s� �p�r�o�c�e�d�u�r�e
�n�a�m�e�.

�S�y�n�t�a�x� �d�i�r�e�c�t�e�d� �t�r�a�n�s�l�a�t�i�o�n� �s�c�h�e�m�e� �f�o�r �n�e�s�t�e�d� �p�r�o�c�e�d�u�r�e�s

�Pðà �M� �D� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �{� �a�d�d�w�i�d�t�h� �(� �t�o�p�(� �t�b�l�p�t�r�)� �,� �t�o�p� �(�o�f�f�s�e�t�)�)�;
�p�o�p� �(�t�b�l�p�t�r�)�;� �p�o�p� �(�o�f�f�s�e�t�)� �}

�Mðà �[ �{� �t� �:� �=� �m�k�t�a�b�l�e� �(�n�i�l�)�;
�p�u�s�h� �(�t�,�t�b�l�p�t�r�)�;� �p�u�s�h� �(�0�,�o�f�f�s�e�t�)� �}

�Dðà �D�1�;� �D�2

�Dðà �p�r�o�c� �i�d� �;� �N� �D�1�;� �S� � � � � � � � � � � � � � � � � � � �{� �t� �:� �=� �t�o�p� �(�t�b�l�p�t�r�)�;
�a�d�d�w�i�d�t�h� �(� �t�,� �t�o�p� �(�o�f�f�s�e�t�)�)�;
�p�o�p� �(�t�b�l�p�t�r�)�;� �p�o�p� �(�o�f�f�s�e�t�)�;
�e�n�t�e�r�p�r�o�c� �(�t�o�p� �(�t�b�l�p�t�r�)�,� �i�d�.�n�a�m�e�,� �t�)� �}

�Dðà �i�d� �:� �T� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �{� �e�n�t�e�r� �(�t�o�p� �(�t�b�l�p�t�r�)�,� �i�d�.�n�a�m�e�,� �T�.�t�y�p�e�,� �t�o�p� �(�o�f�f�s�e�t�)�)�;
�t�o�p� �(�o�f�f�s�e�t�)� �:�=� �t�o�p� �(�o�f�f�s�e�t�)� �+� �T�.�w�i�d�t�h� �}

�Nðà �[ �{� �t� �:�=� �m�k�t�a�b�l�e �(�t�o�p �(�t�b�l�p�t�r�)�)�;
�p�u�s�h �(�t�,� �t�b�l�p�t�r�)�;� � �p�u�s�h �(�0�,�o�f�f�s�e�t�) �}

ðØ �T�h�e� �s�t�a�c�k�t�b�l�p�t�r�i�s� �u�s�e�d� �t�o� �c�o�n�t�a�i�n� �p�o�i�n�t�e�r�s� �t�o� �t�h�e� �t�a�b�l�e�s� �f�o�r�s�o�r�t�,� �q�u�i�c�k�s�o�r�t�,�a�n�d�p�a�r�t�i�t�i�o�n
�w�h�e�n� �t�h�e� �d�e�c�l�a�r�a�t�i�o�n�s� �i�n�p�a�r�t�i�t�i�o�n�a�r�e� �c�o�n�s�i�d�e�r�e�d�.

ðØ �T�h�e� �t�o�p� �e�l�e�m�e�n�t� �o�f� �s�t�a�c�k�o�f�f�s�e�t�i�s� �t�h�e� �n�e�x�t� �a�v�a�i�l�a�b�l�e� �r�e�l�a�t�i�v�e� �a�d�d�r�e�s�s� �f�o�r� �a� �l�o�c�a�l� �o�f� �t�h�e
�c�u�r�r�e�n�t� �p�r�o�c�e�d�u�r�e�.

ðØ �A�l�l� �s�e�m�a�n�t�i�c� �a�c�t�i�o�n�s� �i�n� �t�h�e� �s�u�b�t�r�e�e�s� �f�o�r� �B� �a�n�d� �C� �i�n

�Aðà �B�C �{�a�c�t�i�o�n�A�}

�a�r�e� �d�o�n�e� �b�e�f�o�r�e�a�c�t�i�o�n�A�a�t� �t�h�e� �e�n�d� �o�f� �t�h�e� �p�r�o�d�u�c�t�i�o�n �o�c�c�u�r�s�.� �H�e�n�c�e�,� �t�h�e� �a�c�t�i�o�n� �a�s�s�o�c�i�a�t�e�d
�w�i�t�h� �t�h�e� �m�a�r�k�e�r� �M� �i�s� �t�h�e� �f�i�r�s�t� �t�o� �b�e� �d�o�n�e�.



ðØ �T�h�e� �a�c�t�i�o�n� �f�o�r� �n�o�n�t�e�r�m�i�n�a�l� �M� �i�n�i�t�i�a�l�i�z�e�s� �s�t�a�c�k�t�b�l�p�t�r�w�i�t�h� �a� �s�y�m�b�o�l� �t�a�b�l�e� �f�o�r� �t�h�e
�o�u�t�e�r�m�o�s�t �s�c�o�p�e�,� �c�r�e�a�t�e�d� �b�y� �o�p�e�r�a�t�i�o�n�m�k�t�a�b�l�e�(�n�i�l�)�.�T�h�e� �a�c�t�i�o�n� �a�l�s�o� �p�u�s�h�e�s� �r�e�l�a�t�i�v�e
�a�d�d�r�e�s�s� �0� �o�n�t�o� �s�t�a�c�k� �o�f�f�s�e�t�.

ðØ �S�i�m�i�l�a�r�l�y�,� �t�h�e� �n�o�n�t�e�r�m�i�n�a�l� �N� �u�s�e�s� �t�h�e� �o�p�e�r�a�t�i�o�n�m�k�t�a�b�l�e�(�t�o�p�(�t�b�l�p�t�r�)�)�t�o� �c�r�e�a�t�e� �a� �n�e�w
�s�y�m�b�o�l� �t�a�b�l�e�. �T�h�e� �a�r�g�u�m�e�n�t�t�o�p�(�t�b�l�p�t�r�)�g�i�v�e�s� �t�h�e� �e�n�c�l�o�s�i�n�g� �s�c�o�p�e� �f�o�r� �t�h�e� �n�e�w� �t�a�b�l�e�.

ðØ �F�o�r� �e�a�c�h� �v�a�r�i�a�b�l�e� �d�e�c�l�a�r�a�t�i�o�n�i�d�:�T�,� �a�n� �e�n�t�r�y� �i�s� �c�r�e�a�t�e�d� �f�o�r�i�d�i�n� �t�h�e� �c�u�r�r�e�n�t� �s�y�m�b�o�l� �t�a�b�l�e�.
�T�h�e� �t�o�p� �o�f� �s�t�a�c�k� �o�f�f�s�e�t� �i�s� �i�n�c�r�e�m�e�n�t�e�d� �b�y� �T�.�w�i�d�t�h�.

ðØ �W�h�e�n� �t�h�e� �a�c�t�i�o�n� �o�n� �t�h�e� �r�i�g�h�t� �s�i�d�e� �o�f�Dðà �p�r�o�c� �i�d�;� �N�D�1�;� �S�o�c�c�u�r�s�,� �t�h�e� �w�i�d�t�h� �o�f� �a�l�l
�d�e�c�l�a�r�a�t�i�o�n�s �g�e�n�e�r�a�t�e�d� �b�y� �D�1�i�s� �o�n� �t�h�e� �t�o�p� �o�f� �s�t�a�c�k� �o�f�f�s�e�t�;� �i�t� �i�s� �r�e�c�o�r�d�e�d� �u�s�i�n�g�a�d�d�w�i�d�t�h�.
�S�t�a�c�k�s�t�b�l�p�t�r�a�n�d�o�f�f�s�e�t�a�r�e� �t�h�e�n� �p�o�p�p�e�d�.
�A�t� �t�h�i�s� �p�o�i�n�t�,� �t�h�e� �n�a�m�e� �o�f� �t�h�e� �e�n�c�l�o�s�e�d� �p�r�o�c�e�d�u�r�e� �i�s� �e�n�t�e�r�e�d� �i�n�t�o� �t�h�e� �s�y�m�b�o�l� �t�a�b�l�e� �o�f� �i�t�s
�e�n�c�l�o�s�i�n�g� �p�r�o�c�e�d�u�r�e�.

�A�S�S�I�G�N�M�E�N�T� �S�T�A�T�E�M�E�N�T�S

�S�u�p�p�o�s�e� �t�h�a�t� �t�h�e� �c�o�n�t�e�x�t� �i�n� �w�h�i�c�h� �a�n� �a�s�s�i�g�n�m�e�n�t� �a�p�p�e�a�r�s� �i�s� �g�i�v�e�n� �b�y� �t�h�e� �f�o�l�l�o�w�i�n�g� �g�r�a�m�m�a�r�.

�Pðà �M� �D

�Mðà�[

�Dðà �D� �;� �D� � �|�i�d�:� �T� � �|�p�r�o�c� �i�d�;� �N� �D� �;� �S

�Nðà �[

�N�o�n�t�e�r�m�i�n�a�l� �P� �b�e�c�o�m�e�s� �t�h�e� �n�e�w� �s�t�a�r�t� �s�y�m�b�o�l� �w�h�e�n� �t�h�e�s�e� �p�r�o�d�u�c�t�i�o�n�s� �a�r�e� �a�d�d�e�d �t�o� �t�h�o�s�e� �i�n� �t�h�e
�t�r�a�n�s�l�a�t�i�o�n� �s�c�h�e�m�e� �s�h�o�w�n� �b�e�l�o�w�.

�T�r�a�n�s�l�a�t�i�o�n� �s�c�h�e�m�e� �t�o� �p�r�o�d�u�c�e� �t�h�r�e�e�-�a�d�d�r�e�s�s �c�o�d�e� �f�o�r� �a�s�s�i�g�n�m�e�n�t�s

�Sðà �i�d� �:� �=� �E� � � � � � � � � � � � �{� �p� �:� �=� �l�o�o�k�u�p �(�i�d�.�n�a�m�e�)�;
�i�f �p "` �n�i�l�t�h�e�n
�e�m�i�t�(� �p�  �� �:� �= �� �E�.�p�l�a�c�e�)
�e�l�s�e�e�r�r�o�r� �}

�Eðà �E�1�+� �E�2 �{� �E�.�p�l�a�c�e� �:� �=� �n�e�w�t�e�m�p�;
�e�m�i�t�(� �E�.�p�l�a�c�e�  ��:� �= �� �E�1�.�p�l�a�c�e�  �� �+�  �� �E�2�.�p�l�a�c�e� �) �}

�Eðà �E�1�*� �E�2 �{� �E�.�p�l�a�c�e� �:� �=� �n�e�w�t�e�m�p�;
�e�m�i�t�( �E�.�p�l�a�c�e�  ��:� �= �� �E�1�.�p�l�a�c�e�  �� �*�  �� �E�2�.�p�l�a�c�e� �) �}

�Eðà �-�E�1 �{� �E�.�p�l�a�c�e� �:� �=� �n�e�w�t�e�m�p�;
�e�m�i�t �(� �E�.�p�l�a�c�e�  ��:� �= �� �  ��u�m�i�n�u�s �� �E�1�.�p�l�a�c�e� �) �}

�Eðà �(� �E�1�)� � � � � � � � � � � � � � � �{� �E�.�p�l�a�c�e� �:� �=� �E�1�.�p�l�a�c�e� �}



�Eðà �i�d �{� �p� �:� �=� �l�o�o�k�u�p �(�i�d�.�n�a�m�e�)�;

�i�f�p "` �n�i�l�t�h�e�n
�E�.�p�l�a�c�e� �:� �=� �p

�e�l�s�e�e�r�r�o�r� �}

�R�e�u�s�i�n�g� �T�e�m�p�o�r�a�r�y� �N�a�m�e�s

ðØ �T�h�e� �t�e�m�p�o�r�a�r�i�e�s� �u�s�e�d� �t�o� �h�o�l�d� �i�n�t�e�r�m�e�d�i�a�t�e� �v�a�l�u�e�s� �i�n� �e�x�p�r�e�s�s�i�o�n� �c�a�l�c�u�l�a�t�i�o�n�s� �t�e�n�d� �t�o
�c�l�u�t�t�e�r� �u�p� �t�h�e� �s�y�m�b�o�l� �t�a�b�l�e�,� �a�n�d� �s�p�a�c�e� �h�a�s� �t�o� �b�e� �a�l�l�o�c�a�t�e�d� �t�o� �h�o�l�d� �t�h�e�i�r� �v�a�l�u�e�s�.

ðØ �T�e�m�p�o�r�a�r�i�e�s� �c�a�n� �b�e� �r�e�u�s�e�d� �b�y� �c�h�a�n�g�i�n�g�n�e�w�t�e�m�p�.� �T�h�e� �c�o�d�e� �g�e�n�e�r�a�t�e�d� �b�y� �t�h�e� �r�u�l�e�s� �f�o�r� �E
ðà �E�1�+� �E�2�h�a�s� �t�h�e� �g�e�n�e�r�a�l� �f�o�r�m�:

�e�v�a�l�u�a�t�e� �E�1�i�n�t�o� �t�1

�e�v�a�l�u�a�t�e� �E�2 �i�n�t�o� �t�2

�t� �:� �=� � �t�1 �+� � �t�2

ðØ �T�h�e� �l�i�f�e�t�i�m�e�s� �o�f� �t�h�e�s�e� �t�e�m�p�o�r�a�r�i�e�s� �a�r�e� �n�e�s�t�e�d� �l�i�k�e �m�a�t�c�h�i�n�g� �p�a�i�r�s� �o�f� �b�a�l�a�n�c�e�d� �p�a�r�e�n�t�h�e�s�e�s�.

ðØ �K�e�e�p� �a� �c�o�u�n�t� �c� �,� �i�n�i�t�i�a�l�i�z�e�d� �t�o� �z�e�r�o�.� �W�h�e�n�e�v�e�r� �a� �t�e�m�p�o�r�a�r�y� �n�a�m�e� �i�s� �u�s�e�d� �a�s� �a�n� �o�p�e�r�a�n�d�,
�d�e�c�r�e�m�e�n�t� �c� �b�y� �1�.� �W�h�e�n�e�v�e�r� �a� �n�e�w� �t�e�m�p�o�r�a�r�y� �n�a�m�e� �i�s� �g�e�n�e�r�a�t�e�d�,� �u�s�e� �$�c� �a�n�d� �i�n�c�r�e�a�s�e� �c
�b�y� �1�.

ðØ �F�o�r� �e�x�a�m�p�l�e�,� �c�o�n�s�i�d�e�r� �t�h�e� �a�s�s�i�g�n�m�e�n�t� �x� �:�=� �a� �*� �b� �+� �c� �*� �d  � �e� �*� �f

�T�h�r�e�e�-�a�d�d�r�e�s�s� �c�o�d�e� �w�i�t�h� �s�t�a�c�k� �t�e�m�p�o�r�a�r�i�e�s

�s�t�a�t�e�m�e�n�t �v�a�l�u�e� �o�f� �c

�0
�$�0� �:�=� �a� �*� �b� � � � � � � � � � � � � � � � � � � � � � � � � � � � �1
�$�1� �:�=� �c� �*� �d� � � � � � � � � � � � � � � � � � � � � � � � � � � � �2
�$�0� �:�=� �$�0� �+� �$�1� � � � � � � � � � � � � � � � � � � � � � � � �1
�$�1� �:�=� �e� �*� �f� � � � � � � � � � � � � � � � � � � � � � � � � � � � � �2
�$�0� �:�=� �$�0 �- �$�1� � � � � � � � � � � � � � � � � � � � � � � � � �1
�x� � � �:�= �$�0� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �0

�A�d�d�r�e�s�s�i�n�g� �A�r�r�a�y� �E�l�e�m�e�n�t�s�:

�E�l�e�m�e�n�t�s� �o�f� �a�n� �a�r�r�a�y� �c�a�n� �b�e� �a�c�c�e�s�s�e�d� �q�u�i�c�k�l�y� �i�f� �t�h�e� �e�l�e�m�e�n�t�s� �a�r�e� �s�t�o�r�e�d� �i�n� �a� �b�l�o�c�k� �o�f
�c�o�n�s�e�c�u�t�i�v�e� �l�o�c�a�t�i�o�n�s�.� �I�f� �t�h�e� �w�i�d�t�h� �o�f� �e�a�c�h� �a�r�r�a�y� �e�l�e�m�e�n�t� �i�s�w�,� �t�h�e�n� �t�h�e�i�t�h� �e�l�e�m�e�n�t� �o�f� �a�r�r�a�y� �A
�b�e�g�i�n�s� �i�n� �l�o�c�a�t�i�o�n

�b�a�s�e� �+� �(� �i  � �l�o�w� �)�x �w

�w�h�e�r�e�l�o�w�i�s� �t�h�e� �l�o�w�e�r� �b�o�u�n�d� �o�n� �t�h�e� �s�u�b�s�c�r�i�p�t� �a�n�d�b�a�s�e�i�s� �t�h�e� �r�e�l�a�t�i�v�e� �a�d�d�r�e�s�s� �o�f� �t�h�e� �s�t�o�r�a�g�e
�a�l�l�o�c�a�t�e�d� �f�o�r� �t�h�e� �a�r�r�a�y�.� �T�h�a�t� �i�s�,�b�a�s�e�i�s� �t�h�e� �r�e�l�a�t�i�v�e� �a�d�d�r�e�s�s� �o�f� �A�[�l�o�w�]�.



�T�h�e� �e�x�p�r�e�s�s�i�o�n �c�a�n� �b�e� �p�a�r�t�i�a�l�l�y� �e�v�a�l�u�a�t�e�d� �a�t� �c�o�m�p�i�l�e� �t�i�m�e� �i�f� �i�t� �i�s� �r�e�w�r�i�t�t�e�n� �a�s

�i�x�w�+� �(�b�a�s�e � �l�o�w�x �w�)

�T�h�e� �s�u�b�e�x�p�r�e�s�s�i�o�n�c� �=� �b�a�s�e  � �l�o�w�x�w�c�a�n� �b�e� �e�v�a�l�u�a�t�e�d� �w�h�e�n� �t�h�e� �d�e�c�l�a�r�a�t�i�o�n� �o�f� �t�h�e� �a�r�r�a�y� �i�s� �s�e�e�n�.
�W�e� �a�s�s�u�m�e� �t�h�a�t� �c� �i�s� �s�a�v�e�d� �i�n� �t�h�e� �s�y�m�b�o�l �t�a�b�l�e� �e�n�t�r�y� �f�o�r� �A� �,� �s�o� �t�h�e� �r�e�l�a�t�i�v�e� �a�d�d�r�e�s�s� �o�f� �A�[�i�]� �i�s
�o�b�t�a�i�n�e�d� �b�y� �s�i�m�p�l�y� �a�d�d�i�n�g�i�x�w�t�o�c�.

�A�d�d�r�e�s�s� �c�a�l�c�u�l�a�t�i�o�n� �o�f� �m�u�l�t�i�-�d�i�m�e�n�s�i�o�n�a�l� �a�r�r�a�y�s�:

�A� �t�w�o�-�d�i�m�e�n�s�i�o�n�a�l� �a�r�r�a�y� �i�s� �s�t�o�r�e�d� �i�n� �o�f� �t�h�e� �t�w�o� �f�o�r�m�s� �:

ðØ �R�o�w�-�m�a�j�o�r� �(�r�o�w�-�b�y�-�r�o�w�)

ðØ �C�o�l�u�m�n�-�m�a�j�o�r� �(�c�o�l�u�m�n�-�b�y�-�c�o�l�u�m�n�)

�L�a�y�o�u�t�s� �f�o�r� �a� �2� �x� �3 �a�r�r�a�y

�f�i�r�s�t� �c�o�l�u�m�n
�f�i�r�s�t� �r�o�w

�s�e�c�o�n�d� �c�o�l�u�m�n

�s�e�c�o�n�d� �r�o�w
�t�h�i�r�d� �c�o�l�u�m�n

�(�a�) �R�O�W�-�M�A�J�O�R� � � � � � � � � � � � � � � � � � � � � � � � � � � � �(�b�)� �C�O�L�U�M�N�-�M�A�J�O�R

�I�n� �t�h�e� �c�a�s�e� �o�f �r�o�w�-�m�a�j�o�r� �f�o�r�m�,� �t�h�e� �r�e�l�a�t�i�v�e� �a�d�d�r�e�s�s� �o�f� �A�[ �i�1�, �i�2�]� �c�a�n� �b�e� �c�a�l�c�u�l�a�t�e�d� �b�y� �t�h�e� �f�o�r�m�u�l�a

�b�a�s�e� �+� �(�(�i�1 � �l�o�w�1�)�x�n�2�+� �i�2 � �l�o�w�2�)�x�w

�w�h�e�r�e�,�l�o�w�1 �a�n�d�l�o�w�2 �a�r�e� �t�h�e� �l�o�w�e�r� �b�o�u�n�d�s� �o�n� �t�h�e� �v�a�l�u�e�s� �o�f�i�1 �a�n�d�i�2 �a�n�d�n�2 �i�s� �t�h�e� �n�u�m�b�e�r� �o�f
�v�a�l�u�e�s� �t�h�a�t�i�2 �c�a�n� �t�a�k�e�.� �T�h�a�t� �i�s�,� �i�f�h�i�g�h�2 �i�s� �t�h�e� �u�p�p�e�r� �b�o�u�n�d� �o�n� �t�h�e� �v�a�l�u�e� �o�f�i�2�,� �t�h�e�n�n�2�=� �h�i�g�h�2  �
�l�o�w�2�+�1�.

�A�s�s�u�m�i�n�g� �t�h�a�t� �i�1 �a�n�d� �i�2�a�r�e� �t�h�e� �o�n�l�y� �v�a�l�u�e�s� �t�h�a�t� �a�r�e� �k�n�o�w�n� �a�t� �c�o�m�p�i�l�e� �t�i�m�e�,� �w�e� �c�a�n� �r�e�w�r�i�t�e� �t�h�e
�a�b�o�v�e� �e�x�p�r�e�s�s�i�o�n� �a�s

�(�(� �i�1�x�n�2�)� �+� �i�2�)�x�w� �+� �(� �b�a�s�e  � �(�(� �l�o�w�1�x�n�2�)� �+� �l�o�w�2�)�x�w�)

�G�e�n�e�r�a�l�i�z�e�d� �f�o�r�m�u�l�a�:

�T�h�e� �e�x�p�r�e�s�s�i�o�n� �g�e�n�e�r�a�l�i�z�e�s� �t�o� �t�h�e� �f�o�l�l�o�w�i�n�g� �e�x�p�r�e�s�s�i�o�n� �f�o�r� �t�h�e� �r�e�l�a�t�i�v�e� �a�d�d�r�e�s�s� �o�f� �A�[�i�1�,�i�2�, &�,�i�k�]

�(�(� �.� �.� �.� �(�(� �i�1�n�2�+� �i�2�)� �n�3�+� �i�3�)� �.� �.� �.� �)� �n�k�+� �i�k�)�x�w� �+� �b�a�s�e  � �(�(� �.� �.� �.�(�(�l�o�w�1�n�2�+� �l�o�w�2�)�n�3�+� �l�o�w�3�)� �.� �.� �.�)
�n�k�+� �l�o�w�k�)�x�w

�f�o�r� �a�l�l� �j�,� �n�j �=� �h�i�g�h�j � �l�o�w�j �+ �1

�A�[� �1�,�1� �]

�A�[� �1�,�2� �]

�A�[� �1�,�3� �]

�A�[� �2�,�1� �]

�A�[� �2�,�2� �]

�A�[� �2�,�3� �]

�A� �[� �1�,�1� �]

�A� �[� �2�,�1� �]

�A� �[� �1�,�2� �]

�A� �[� �2�,�2� �]

�A� �[� �1�,�3� �]

�A� �[� �2�,�3� �]



�T�h�e� �T�r�a�n�s�l�a�t�i�o�n� �S�c�h�e�m�e� �f�o�r� �A�d�d�r�e�s�s�i�n�g� �A�r�r�a�y� �E�l�e�m�e�n�t�s� �:

�S�e�m�a�n�t�i�c� �a�c�t�i�o�n�s� �w�i�l�l� �b�e� �a�d�d�e�d� �t�o� �t�h�e� �g�r�a�m�m�a�r� �:

�(�1�) �Sðà �L� �:� �=� �E
�(�2�) �Eðà �E� �+� �E
�(�3�) �Eðà �(�E�)
�(�4�) �Eðà �L
�(�5�) �Lðà �E�l�i�s�t�]
�(�6�) �Lðà �i�d
�(�7�) �E�l�i�s�tðà �E�l�i�s�t� �,� �E
�(�8�) �E�l�i�s�tðà �i�d�[�E

�W�e� �g�e�n�e�r�a�t�e� �a� �n�o�r�m�a�l� �a�s�s�i�g�n�m�e�n�t� �i�f�L �i�s� �a� �s�i�m�p�l�e� �n�a�m�e�, �a�n�d� �a�n� �i�n�d�e�x�e�d� �a�s�s�i�g�n�m�e�n�t� �i�n�t�o� �t�h�e
�l�o�c�a�t�i�o�n� �d�e�n�o�t�e�d� �b�y�L�o�t�h�e�r�w�i�s�e �:

�(�1�)�Sðà �L� �:� �=� �E �{ �i�f�L�.�o�f�f�s�e�t� �=�n�u�l�l� �t�h�e�n�/� �*� �L� �i�s� �a� �s�i�m�p�l�e�i�d�*�/
�e�m�i�t�(�L�.�p�l�a�c�e�  ��:� �= � �E�.�p�l�a�c�e�) �;

�e�l�s�e
�e�m�i�t�(�L�.�p�l�a�c�e�  ��[ ��L�.�o�f�f�s�e�t�  ��] �  ��:� �= � �E�.�p�l�a�c�e�)� �}

�(�2�)�Eðà �E�1�+� �E�2 �{ �E�.�p�l�a�c�e� �:� �=� �n�e�w�t�e�m�p�;
�e�m�i�t�(�E�.�p�l�a�c�e�  ��:� �= �� �E�1�.�p�l�a�c�e�  �� �+ � �E�2�.�p�l�a�c�e�) �}

�(�3�)�Eðà �(� �E�1�) �{ �E�.�p�l�a�c�e� �:� �=� �E�1�.�p�l�a�c�e�}

�W�h�e�n� �a�n� �a�r�r�a�y� �r�e�f�e�r�e�n�c�e�L�i�s� �r�e�d�u�c�e�d� �t�o�E�,� �w�e� �w�a�n�t� �t�h�e�r�-�v�a�l�u�e� �o�f�L�.� �T�h�e�r�e�f�o�r�e� �w�e� �u�s�e� �i�n�d�e�x�i�n�g
�t�o� �o�b�t�a�i�n� �t�h�e� �c�o�n�t�e�n�t�s� �o�f� �t�h�e� �l�o�c�a�t�i�o�n�L�.�p�l�a�c�e�[�L�.�o�f�f�s�e�t�] �:

�(�4�)�Eðà �L �{ �i�f�L�.�o�f�f�s�e�t� �=�n�u�l�l �t�h�e�n�/�*� �L� �i�s� �a� �s�i�m�p�l�e�i�d�*� �/
�E�.�p�l�a�c�e� �:� �=� �L�.�p�l�a�c�e

�e�l�s�e� �b�e�g�i�n
�E�.�p�l�a�c�e� �:� �=� �n�e�w�t�e�m�p�;
�e�m�i�t�(�E�.�p�l�a�c�e� �  ��:� �= �� �L�.�p�l�a�c�e�  ��[ ��L�.�o�f�f�s�e�t ��] ��)

�e�n�d�}

�(�5�)�Lðà �E�l�i�s�t�] �{ �L�.�p�l�a�c�e� �:� �=� �n�e�w�t�e�m�p�;
�L�.�o�f�f�s�e�t� �:� �=� �n�e�w�t�e�m�p�;
�e�m�i�t�(�L�.�p�l�a�c�e�  ��:� �= � �c�( �E�l�i�s�t�.�a�r�r�a�y �)�)�;
�e�m�i�t�(�L�.�o�f�f�s�e�t�  ��:� �= � �E�l�i�s�t�.�p�l�a�c�e  ��* �� �w�i�d�t�h �(�E�l�i�s�t�.�a�r�r�a�y�)�)� �}

�(�6�)�Lðà �i�d �{ �L�.�p�l�a�c�e� �:�=�i�d�.�p�l�a�c�e�;
�L�.�o�f�f�s�e�t� �:�=�n�u�l�l�}

�(�7�)�E�l�i�s�tðà �E�l�i�s�t�1�,� �E �{ �t� �:�=� �n�e�w�t�e�m�p�;
�m� �:� �=� �E�l�i�s�t�1�.�n�d�i�m� �+�1�;
�e�m�i�t�(�t�  ��:� �= � �E�l�i�s�t�1�.�p�l�a�c�e�  ��* �� �l�i�m�i�t�(�E�l�i�s�t�1�.�a�r�r�a�y�,�m�)�)�;
�e�m�i�t�(�t�  ��:� �= �� �t�  ��+ �� �E�.�p�l�a�c�e�)�;
�E�l�i�s�t�.�a�r�r�a�y� �: �=� �E�l�i�s�t�1�.�a�r�r�a�y�;



�E�l�i�s�t�.�p�l�a�c�e� �:� �=� �t�;
�E�l�i�s�t�.�n�d�i�m� �:� �=� �m�}

�(�8�)�E�l�i�s�tðà �i�d�[ �E �{ �E�l�i�s�t�.�a�r�r�a�y� �:� �=�i�d�.�p�l�a�c�e�;

�E�l�i�s�t�.�p�l�a�c�e� �:� �=� �E�.�p�l�a�c�e�;
�E�l�i�s�t�.�n�d�i�m� �:� �=�1 �}

�T�y�p�e� �c�o�n�v�e�r�s�i�o�n� �w�i�t�h�i�n� �A�s�s�i�g�n�m�e�n�t�s� �:

�C�o�n�s�i�d�e�r� �t�h�e� �g�r�a�m�m�a�r� �f�o�r� �a�s�s�i�g�n�m�e�n�t� �s�t�a�t�e�m�e�n�t�s �a�s� �a�b�o�v�e�,� �b�u�t� �s�u�p�p�o�s�e� �t�h�e�r�e� �a�r�e� �t�w�o
�t�y�p�e�s  � �r�e�a�l� �a�n�d� �i�n�t�e�g�e�r� �,� �w�i�t�h� �i�n�t�e�g�e�r�s� �c�o�n�v�e�r�t�e�d� �t�o� �r�e�a�l�s� �w�h�e�n� �n�e�c�e�s�s�a�r�y�.� �W�e� �h�a�v�e� �a�n�o�t�h�e�r
�a�t�t�r�i�b�u�t�e�E�.�t�y�p�e�,� �w�h�o�s�e� �v�a�l�u�e� �i�s� �e�i�t�h�e�r�r�e�a�l�o�r�i�n�t�e�g�e�r�.� �T�h�e� �s�e�m�a�n�t�i�c� �r�u�l�e� �f�o�r�E�.�t�y�p�e�a�s�s�o�c�i�a�t�e�d
�w�i�t�h� �t�h�e� �p�r�o�d�u�c�t�i�o�n�Eðà �E� �+� �E�i�s� �:

�Eðà �E� �+� �E �{ �E�.�t�y�p�e�:� �=
�i�f�E�1�.�t�y�p�e� �=� �i�n�t�e�g�e�r�a�n�d

�E�2�.�t�y�p�e� �=� �i�n�t�e�g�e�r�t�h�e�n�i�n�t�e�g�e�r
�e�l�s�e�r�e�a�l�}

�T�h�e� �e�n�t�i�r�e� �s�e�m�a�n�t�i�c� �r�u�l�e� �f�o�r�Eðà �E� �+� �E�a�n�d� �m�o�s�t� �o�f� �t�h�e� �o�t�h�e�r� �p�r�o�d�u�c�t�i�o�n�s� �m�u�s�t� �b�e
�m�o�d�i�f�i�e�d� �t�o� �g�e�n�e�r�a�t�e�,� �w�h�e�n� �n�e�c�e�s�s�a�r�y�,� �t�h�r�e�e�-�a�d�d�r�e�s�s� �s�t�a�t�e�m�e�n�t�s� �o�f� �t�h�e� �f�o�r�m� �x� �:� �=� �i�n�t�t�o�r�e�a�l� �y�,
�w�h�o�s�e� �e�f�f�e�c�t� �i�s� �t�o� �c�o�n�v�e�r�t� �i�n�t�e�g�e�r� �y� �t�o �a �r�e�a�l� �o�f� �e�q�u�a�l� �v�a�l�u�e�,� �c�a�l�l�e�d� �x�.

�S�e�m�a�n�t�i�c� �a�c�t�i�o�n� �f�o�r�Eðà �E�1�+� �E�2

�E�.�p�l�a�c�e� �:�=� �n�e�w�t�e�m�p�;
�i�f�E�1�.�t�y�p�e� �=� �i�n�t�e�g�e�r�a�n�d�E�2�.�t�y�p�e� �=� �i�n�t�e�g�e�r�t�h�e�n� �b�e�g�i�n

�e�m�i�t�(� �E�.�p�l�a�c�e�  ��:� �= � �E�1�.�p�l�a�c�e�  ��i�n�t� �+ �� �E�2�.�p�l�a�c�e�)�;
�E�.�t�y�p�e� �:� �=� �i�n�t�e�g�e�r

�e�n�d
�e�l�s�e �i�f�E�1�.�t�y�p�e� �=� �r�e�a�l�a�n�d�E�2�.�t�y�p�e� �=� �r�e�a�l�t�h�e�n� �b�e�g�i�n

�e�m�i�t�(� �E�.�p�l�a�c�e�  ��:� �= � �E�1�.�p�l�a�c�e ��r�e�a�l �+ ��E�2�.�p�l�a�c�e�)�;
�E�.�t�y�p�e� �:� �=� �r�e�a�l

�e�n�d
�e�l�s�e� �i�f�E�1�.�t�y�p�e� �=� �i�n�t�e�g�e�r�a�n�d�E�2�.�t�y�p�e� �=� �r�e�a�l�t�h�e�n� �b�e�g�i�n

�u� �:� �=� �n�e�w�t�e�m�p�;
�e�m�i�t�(� �u�  ��:� �= � ��i�n�t�t�o�r�e�a�l ��E�1�.�p�l�a�c�e�)�;
�e�m�i�t�(� �E�.�p�l�a�c�e�  ��:� �= �� �u �� �r�e�a�l� �+ ��E�2�.�p�l�a�c�e�)�;
�E�.�t�y�p�e� �:� �=� �r�e�a�l

�e�n�d
�e�l�s�e� �i�f�E�1�.�t�y�p�e� �=� �r�e�a�l�a�n�d�E�2�.�t�y�p�e� �=�i�n�t�e�g�e�r�t�h�e�n� �b�e�g�i�n

�u� �:� �=� �n�e�w�t�e�m�p�;
�e�m�i�t�(� �u�  ��:� �= � ��i�n�t�t�o�r�e�a�l ��E�2�.�p�l�a�c�e�)�;
�e�m�i�t�(� �E�.�p�l�a�c�e�  ��:� �= � �E�1�.�p�l�a�c�e�  ��r�e�a�l� �+ �� �u�)�;
�E�.�t�y�p�e� �:� �=� �r�e�a�l

�e�n�d
�e�l�s�e

�E�.�t�y�p�e� �:� �=� �t�y�p�e�_�e�r�r�o�r�;



�F�o�r� �e�x�a�m�p�l�e�,� �f�o�r� �t�h�e� �i�n�p�u�t �x� �:� �=� �y� �+� �i� �*� �j
�a�s�s�u�m�i�n�g�x�a�n�d�y�h�a�v�e� �t�y�p�e�r�e�a�l�,� �a�n�d� �i� �a�n�d� �j� �h�a�v�e� �t�y�p�e�i�n�t�e�g�e�r�,� �t�h�e� �o�u�t�p�u�t� �w�o�u�l�d �l�o�o�k �l�i�k�e

�t�1�:� �=� � �i� � �i�n�t�*� �j
�t�3�:� �=� � �i�n�t�t�o�r�e�a�l� � �t�1

�t�2�:� �=� �y� �r�e�a�l�+� �t�3

�x �:� �=� �t�2

�B�O�O�L�E�A�N� �E�X�P�R�E�S�S�I�O�N�S

�B�o�o�l�e�a�n� �e�x�p�r�e�s�s�i�o�n�s� �h�a�v�e� �t�w�o� �p�r�i�m�a�r�y� �p�u�r�p�o�s�e�s�.� �T�h�e�y� �a�r�e� �u�s�e�d� �t�o� �c�o�m�p�u�t�e� �l�o�g�i�c�a�l
�v�a�l�u�e�s�,� �b�u�t� �m�o�r�e� �o�f�t�e�n� �t�h�e�y� �a�r�e� �u�s�e�d� �a�s� �c�o�n�d�i�t�i�o�n�a�l� �e�x�p�r�e�s�s�i�o�n�s� �i�n� �s�t�a�t�e�m�e�n�t�s� �t�h�a�t� �a�l�t�e�r� �t�h�e� �f�l�o�w
�o�f� �c�o�n�t�r�o�l�,� �s�u�c�h� �a�s� �i�f�-�t�h�e�n�-�e�l�s�e�,� �o�r� �w�h�i�l�e�-�d�o� �s�t�a�t�e�m�e�n�t�s�.

�B�o�o�l�e�a�n� �e�x�p�r�e�s�s�i�o�n�s� �a�r�e� �c�o�m�p�o�s�e�d� �o�f� �t�h�e� �b�o�o�l�e�a�n� �o�p�e�r�a�t�o�r�s� �(�a�n�d�,� �o�r�,�a�n�d�n�o�t�)� �a�p�p�l�i�e�d
�t�o� �e�l�e�m�e�n�t�s� �t�h�a�t� �a�r�e� �b�o�o�l�e�a�n� �v�a�r�i�a�b�l�e�s� �o�r� �r�e�l�a�t�i�o�n�a�l� �e�x�p�r�e�s�s�i�o�n�s�.� �R�e�l�a�t�i�o�n�a�l� �e�x�p�r�e�s�s�i�o�n�s� �a�r�e� �o�f� �t�h�e
�f�o�r�m�E�1�r�e�l�o�p�E�2�,� �w�h�e�r�e� �E�1�a�n�d� �E�2�a�r�e� �a�r�i�t�h�m�e�t�i�c� �e�x�p�r�e�s�s�i�o�n�s�.

�H�e�r�e� �w�e� �c�o�n�s�i�d�e�r� �b�o�o�l�e�a�n� �e�x�p�r�e�s�s�i�o�n�s� �g�e�n�e�r�a�t�e�d� �b�y� �t�h�e� �f�o�l�l�o�w�i�n�g� �g�r�a�m�m�a�r �:

�Eðà �E�o�r�E� �|� �E�a�n�d�E� �|�n�o�t�E� �|� �(� �E� �)� �|�i�d� �r�e�l�o�p� �i�d� �|� �t�r�u�e� �|� �f�a�l�s�e

�M�e�t�h�o�d�s� �o�f� �T�r�a�n�s�l�a�t�i�n�g� �B�o�o�l�e�a�n� �E�x�p�r�e�s�s�i�o�n�s�:

�T�h�e�r�e� �a�r�e� �t�w�o� �p�r�i�n�c�i�p�a�l �m�e�t�h�o�d�s� �o�f� �r�e�p�r�e�s�e�n�t�i�n�g� �t�h�e� �v�a�l�u�e� �o�f� �a� �b�o�o�l�e�a�n� �e�x�p�r�e�s�s�i�o�n�.� �T�h�e�y� �a�r�e� �:

ðØ �T�o �e�n�c�o�d�e� �t�r�u�e� �a�n�d� �f�a�l�s�e�n�u�m�e�r�i�c�a�l�l�y�a�n�d� �t�o� �e�v�a�l�u�a�t�e� �a� �b�o�o�l�e�a�n� �e�x�p�r�e�s�s�i�o�n� �a�n�a�l�o�g�o�u�s�l�y
�t�o� �a�n� �a�r�i�t�h�m�e�t�i�c� �e�x�p�r�e�s�s�i�o�n�.� �O�f�t�e�n�, �1� �i�s� �u�s�e�d� �t�o� �d�e�n�o�t�e� �t�r�u�e� �a�n�d� �0� �t�o� �d�e�n�o�t�e� �f�a�l�s�e�.

ðØ �T�o� �i�m�p�l�e�m�e�n�t� �b�o�o�l�e�a�n� �e�x�p�r�e�s�s�i�o�n�s �b�y�f�l�o�w� �o�f� �c�o�n�t�r�o�l�,� �t�h�a�t� �i�s�,� �r�e�p�r�e�s�e�n�t�i�n�g� �t�h�e� �v�a�l�u�e� �o�f� �a
�b�o�o�l�e�a�n� �e�x�p�r�e�s�s�i�o�n� �b�y� �a� �p�o�s�i�t�i�o�n� �r�e�a�c�h�e�d� �i�n� �a� �p�r�o�g�r�a�m�.� �T�h�i�s� �m�e�t�h�o�d� �i�s� �p�a�r�t�i�c�u�l�a�r�l�y
�c�o�n�v�e�n�i�e�n�t� �i�n� �i�m�p�l�e�m�e�n�t�i�n�g� �t�h�e� �b�o�o�l�e�a�n� �e�x�p�r�e�s�s�i�o�n�s� �i�n� �f�l�o�w�-�o�f�-�c�o�n�t�r�o�l� �s�t�a�t�e�m�e�n�t�s�,� �s�u�c�h
�a�s� �t�h�e �i�f�-�t�h�e�n� �a�n�d� �w�h�i�l�e�-�d�o� �s�t�a�t�e�m�e�n�t�s�.

�N�u�m�e�r�i�c�a�l� �R�e�p�r�e�s�e�n�t�a�t�i�o�n

�H�e�r�e�,� �1� �d�e�n�o�t�e�s� �t�r�u�e� �a�n�d� �0� �d�e�n�o�t�e�s� �f�a�l�s�e�. �E�x�p�r�e�s�s�i�o�n�s� �w�i�l�l� �b�e� �e�v�a�l�u�a�t�e�d� �c�o�m�p�l�e�t�e�l�y� �f�r�o�m
�l�e�f�t� �t�o� �r�i�g�h�t�,� �i�n� �a� �m�a�n�n�e�r� �s�i�m�i�l�a�r� �t�o� �a�r�i�t�h�m�e�t�i�c� �e�x�p�r�e�s�s�i�o�n�s�.

�F�o�r� �e�x�a�m�p�l�e� �:

ðØ �T�h�e� �t�r�a�n�s�l�a�t�i�o�n� �f�o�r
�a �o�r�b �a�n�d� � �n�o�t�c

�i�s� �t�h�e� �t�h�r�e�e�-�a�d�d�r�e�s�s� �s�e�q�u�e�n�c�e
�t�1�:� �=�n�o�t�c
�t�2�:� �=� �b�a�n�d�t�1
�t�3�:� �=� �a�o�r�t�2

ðØ �A� �r�e�l�a�t�i�o�n�a�l� �e�x�p�r�e�s�s�i�o�n� �s�u�c�h� �a�s� �a �< �b� �i�s� �e�q�u�i�v�a�l�e�n�t� �t�o� �t�h�e� �c�o�n�d�i�t�i�o�n�a�l� �s�t�a�t�e�m�e�n�t
�i�f� �a� �<� �b� �t�h�e�n� �1� �e�l�s�e �0



�w�h�i�c�h� �c�a�n� �b�e� �t�r�a�n�s�l�a�t�e�d� �i�n�t�o� �t�h�e� �t�h�r�e�e�-�a�d�d�r�e�s�s� �c�o�d�e� �s�e�q�u�e�n�c�e �(�a�g�a�i�n�,� �w�e� �a�r�b�i�t�r�a�r�i�l�y� �s�t�a�r�t
�s�t�a�t�e�m�e�n�t� �n�u�m�b�e�r�s� �a�t� �1�0�0�) �:

�1�0�0� �: �i�f� �a� �<� �b� �g�o�t�o� �1�0�3
�1�0�1� �:� � � � � �t� �:� �=� �0
�1�0�2� �:� � � � � �g�o�t�o� �1�0�4
�1�0�3� �:� � � � � �t� �:� �=� �1
�1�0�4� �:

�T�r�a�n�s�l�a�t�i�o�n� �s�c�h�e�m�e� �u�s�i�n�g� �a� �n�u�m�e�r�i�c�a�l� �r�e�p�r�e�s�e�n�t�a�t�i�o�n� �f�o�r� �b�o�o�l�e�a�n�s

�Eðà �E�1�o�r�E�2 �{� �E�.�p�l�a�c�e� �:� �=� �n�e�w�t�e�m�p�;
�e�m�i�t�(� �E�.�p�l�a�c�e�  ��:� �= �� �E�1�.�p�l�a�c�e�  ��o�r � �E�2�.�p�l�a�c�e� �) �}

�Eðà �E�1�a�n�d�E�2 �{� �E�.�p�l�a�c�e� �:� �=� �n�e�w�t�e�m�p�;
�e�m�i�t�(� �E�.�p�l�a�c�e�  ��:� �= �� �E�1�.�p�l�a�c�e�  ��a�n�d � �E�2�.�p�l�a�c�e� �) �}

�Eðà �n�o�t�E�1 �{� �E�.�p�l�a�c�e� �:� �=� �n�e�w�t�e�m�p�;
�e�m�i�t�(� �E�.�p�l�a�c�e�  ��:� �= �� �  ��n�o�t �� �E�1�.�p�l�a�c�e� �) �}

�Eðà �(� �E�1�) �{� �E�.�p�l�a�c�e� �:� �=� �E�1�.�p�l�a�c�e� �}
�Eðà �i�d�1�r�e�l�o�p� �i�d�2 �{� �E�.�p�l�a�c�e� �:� �=� �n�e�w�t�e�m�p�;

�e�m�i�t�(  ��i�f ��i�d�1�.�p�l�a�c�e�r�e�l�o�p�.�o�p�i�d�2�.�p�l�a�c�e�  ��g�o�t�o �� �n�e�x�t�s�t�a�t� �+�3�)�;
�e�m�i�t�( �E�.�p�l�a�c�e�  ��:� �= �  ��0 �� �)�;
�e�m�i�t�( ��g�o�t�o ��n�e�x�t�s�t�a�t �+�2�)�;
�e�m�i�t�( �E�.�p�l�a�c�e�  ��:� �= �  ��1 ��)� �}

�Eðà �t�r�u�e �{ �E�.�p�l�a�c�e� �:� �=� �n�e�w�t�e�m�p�;
�e�m�i�t�(� �E�.�p�l�a�c�e�  ��:� �= �  ��1 ��)� �}

�Eðà�f�a�l�s�e �{� �E�.�p�l�a�c�e� �:� �=� �n�e�w�t�e�m�p�;
�e�m�i�t�(� �E�.�p�l�a�c�e�  ��:� �= �  ��0 ��)� �}

�S�h�o�r�t�-�C�i�r�c�u�i�t� �C�o�d�e�:

�W�e� �c�a�n� �a�l�s�o� �t�r�a�n�s�l�a�t�e� �a� �b�o�o�l�e�a�n� �e�x�p�r�e�s�s�i�o�n� �i�n�t�o� �t�h�r�e�e�-�a�d�d�r�e�s�s� �c�o�d�e� �w�i�t�h�o�u�t� �g�e�n�e�r�a�t�i�n�g
�c�o�d�e� �f�o�r� �a�n�y� �o�f� �t�h�e� �b�o�o�l�e�a�n� �o�p�e�r�a�t�o�r�s� �a�n�d� �w�i�t�h�o�u�t� �h�a�v�i�n�g� �t�h�e� �c�o�d�e� �n�e�c�e�s�s�a�r�i�l�y� �e�v�a�l�u�a�t�e� �t�h�e� �e�n�t�i�r�e
�e�x�p�r�e�s�s�i�o�n�.� �T�h�i�s� �s�t�y�l�e� �o�f� �e�v�a�l�u�a�t�i�o�n� �i�s� �s�o�m�e�t�i�m�e�s� �c�a�l�l�e�d�  ��s�h�o�r�t�-�c�i�r�c�u�i�t �� �o�r�  ��j�u�m�p�i�n�g �� �c�o�d�e�.� �I�t� �i�s
�p�o�s�s�i�b�l�e� �t�o� �e�v�a�l�u�a�t�e� �b�o�o�l�e�a�n� �e�x�p�r�e�s�s�i�o�n�s� �w�i�t�h�o�u�t� �g�e�n�e�r�a�t�i�n�g� �c�o�d�e� �f�o�r� �t�h�e� �b�o�o�l�e�a�n� �o�p�e�r�a�t�o�r�s�a�n�d�,
�o�r�,�a�n�d�n�o�t�i�f� �w�e� �r�e�p�r�e�s�e�n�t� �t�h�e� �v�a�l�u�e� �o�f� �a�n� �e�x�p�r�e�s�s�i�o�n� �b�y� �a� �p�o�s�i�t�i�o�n� �i�n� �t�h�e� �c�o�d�e� �s�e�q�u�e�n�c�e�.

�T�r�a�n�s�l�a�t�i�o�n� �o�f� �a� �<� �b� �o�r� �c� �<� �d� �a�n�d� �e� �<� �f

�1�0�0� �:� � �i�f� � �a� � �<� � �b �g�o�t�o� � �1�0�3 �1�0�7� �:� � �t�2�:� �=� �1

�1�0�1� �:� � � �t�1�:� �=� �0� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �1�0�8� �:� � �i�f� � �e� �<� � �f� � �g�o�t�o� � �1�1�1

�1�0�2� �:� � �g�o�t�o� � �1�0�4 �1�0�9� �:� � �t�3�:� �=� �0

�1�0�3� �:� � �t�1�:� �=� �1 �1�1�0� �:� �g�o�t�o� �1�1�2

�1�0�4� �:� � �i�f� � �c� �<� � �d �g�o�t�o� � �1�0�7 �1�1�1� �:� � �t�3�:� �=� �1

�1�0�5� �:� � �t�2�:� �=� �0 �1�1�2� �:� � �t�4�: �=� �t�2�a�n�d� �t�3

�1�0�6� �:� � �g�o�t�o� � �1�0�8 �1�1�3� �:� � �t�5�:� �=� �t�1�o�r� � �t�4



�F�l�o�w�-�o�f�-�C�o�n�t�r�o�l� �S�t�a�t�e�m�e�n�t�s

�W�e� �n�o�w� �c�o�n�s�i�d�e�r� �t�h�e� �t�r�a�n�s�l�a�t�i�o�n� �o�f� �b�o�o�l�e�a�n� �e�x�p�r�e�s�s�i�o�n�s� �i�n�t�o� �t�h�r�e�e�-�a�d�d�r�e�s�s� �c�o�d�e� �i�n� �t�h�e
�c�o�n�t�e�x�t� �o�f� �i�f�-�t�h�e�n�,� �i�f�-�t�h�e�n�-�e�l�s�e�,� �a�n�d� �w�h�i�l�e�-�d�o� �s�t�a�t�e�m�e�n�t�s� �s�u�c�h� �a�s� �t�h�o�s�e� �g�e�n�e�r�a�t�e�d� �b�y� �t�h�e� �f�o�l�l�o�w�i�n�g
�g�r�a�m�m�a�r�:

�Sðà �i�f�E�t�h�e�n�S�1

�| �i�f�E�t�h�e�n�S�1�e�l�s�e�S�2

�|� � � � �w�h�i�l�e�E�d�o�S�1

�I�n� �e�a�c�h� �o�f� �t�h�e�s�e� �p�r�o�d�u�c�t�i�o�n�s�,�E�i�s� �t�h�e� �B�o�o�l�e�a�n� �e�x�p�r�e�s�s�i�o�n� �t�o� �b�e� �t�r�a�n�s�l�a�t�e�d�.� �I�n� �t�h�e� �t�r�a�n�s�l�a�t�i�o�n�,� �w�e
�a�s�s�u�m�e� �t�h�a�t� �a� �t�h�r�e�e�-�a�d�d�r�e�s�s �s�t�a�t�e�m�e�n�t� �c�a�n� �b�e� �s�y�m�b�o�l�i�c�a�l�l�y� �l�a�b�e�l�e�d�,� �a�n�d� �t�h�a�t� �t�h�e� �f�u�n�c�t�i�o�n
�n�e�w�l�a�b�e�l�r�e�t�u�r�n�s� �a� �n�e�w� �s�y�m�b�o�l�i�c� �l�a�b�e�l� �e�a�c�h� �t�i�m�e� �i�t� �i�s� �c�a�l�l�e�d�.

ðØ �E�.�t�r�u�e� �i�s� �t�h�e� �l�a�b�e�l� �t�o� �w�h�i�c�h� �c�o�n�t�r�o�l� �f�l�o�w�s� �i�f� �E� �i�s� �t�r�u�e�,� �a�n�d� �E�.�f�a�l�s�e� �i�s� �t�h�e� �l�a�b�e�l� �t�o� �w�h�i�c�h
�c�o�n�t�r�o�l� �f�l�o�w�s� �i�f� �E� �i�s� �f�a�l�s�e�.

ðØ �T�h�e� �s�e�m�a�n�t�i�c �r�u�l�e�s� �f�o�r� �t�r�a�n�s�l�a�t�i�n�g� �a� �f�l�o�w�-�o�f�-�c�o�n�t�r�o�l� �s�t�a�t�e�m�e�n�t� �S� �a�l�l�o�w� �c�o�n�t�r�o�l� �t�o� �f�l�o�w
�f�r�o�m� �t�h�e� �t�r�a�n�s�l�a�t�i�o�n� �S�.�c�o�d�e� �t�o� �t�h�e� �t�h�r�e�e�-�a�d�d�r�e�s�s� �i�n�s�t�r�u�c�t�i�o�n� �i�m�m�e�d�i�a�t�e�l�y� �f�o�l�l�o�w�i�n�g
�S�.�c�o�d�e�.

ðØ �S�.�n�e�x�t� �i�s� �a� �l�a�b�e�l� �t�h�a�t� �i�s� �a�t�t�a�c�h�e�d� �t�o� �t�h�e� �f�i�r�s�t� �t�h�r�e�e�-�a�d�d�r�e�s�s� �i�n�s�t�r�u�c�t�i�o�n� �t�o� �b�e� �e�x�e�c�u�t�e�d �a�f�t�e�r
�t�h�e� �c�o�d�e� �f�o�r� �S�.

�C�o�d�e� �f�o�r� �i�f�-�t�h�e�n� �,� �i�f�-�t�h�e�n�-�e�l�s�e�,� �a�n�d� �w�h�i�l�e�-�d�o� �s�t�a�t�e�m�e�n�t�s

�t�o�E�.�t�r�u�e

�t�o�E�.�f�a�l�s�e

�t�o�E�.�t�r�u�e �E�.�t�r�u�e�:

�E�.�t�r�u�e�: �t�o�E�.�f�a�l�s�e

�E�.�f�a�l�s�e�:

�E�.�f�a�l�s�e�: �.� �.� �.

�S�.�n�e�x�t�:� � � � � � � � � � � � � �.� �.� �.

�(�a�)� �i�f�-�t�h�e�n �(�b�)� �i�f�-�t�h�e�n�-�e�l�s�e

�S�.�b�e�g�i�n�: �t�o�E�.�t�r�u�e

�t�o�E�.�f�a�l�s�e
�E�.�t�r�u�e�:

�E�.�f�a�l�s�e�: �.� �.� �.

�(�c�)� �w�h�i�l�e�-�d�o

�E�.�c�o�d�e

�S�1�.�c�o�d�e

�E�.�c�o�d�e

�S�1�.�c�o�d�e

�g�o�t�o�S�.�n�e�x�t

�S�2�.�c�o�d�e

�E�.�c�o�d�e

�S�1�.�c�o�d�e

�g�o�t�o�S�.�b�e�g�i�n



�S�y�n�t�a�x�-�d�i�r�e�c�t�e�d� �d�e�f�i�n�i�t�i�o�n� �f�o�r� �f�l�o�w�-�o�f�-�c�o�n�t�r�o�l� �s�t�a�t�e�m�e�n�t�s

�P�R�O�D�U�C�T�I�O�N� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �S�E�M�A�N�T�I�C� �R�U�L�E�S

�Sðà �i�f�E�t�h�e�n�S�1 �E�.�t�r�u�e� �:� �=� �n�e�w�l�a�b�e�l�;
�E�.�f�a�l�s�e� �:� �=� �S�.�n�e�x�t�;
�S�1�.�n�e�x�t �:� �=� �S�.�n�e�x�t�;
�S�.�c�o�d�e� �:� �=� �E�.�c�o�d�e� �|�|� �g�e�n�(�E�.�t�r�u�e�  ��: ��)� �|�|� �S�1�.�c�o�d�e

�Sðà �i�f�E�t�h�e�n�S�1�e�l�s�e�S�2 �E�.�t�r�u�e� �:� �=� �n�e�w�l�a�b�e�l�;
�E�.�f�a�l�s�e� �:� �=� �n�e�w�l�a�b�e�l�;
�S�1�.�n�e�x�t� �:� �=� �S�.�n�e�x�t�;
�S�2�.�n�e�x�t� �:� �=� �S�.�n�e�x�t�;
�S�.�c�o�d�e� �:� �=� �E�.�c�o�d�e� �|�|� �g�e�n�(�E�.�t�r�u�e�  ��: ��)� �|�|� �S�1�.�c�o�d�e� �|�|

�g�e�n�( ��g�o�t�o �� �S�.�n�e�x�t�)� �|�|
�g�e�n�(� �E�.�f�a�l�s�e�  ��: ��)� �|�|� �S�2�.�c�o�d�e

�Sðà �w�h�i�l�e�E�d�o�S�1 �S�.�b�e�g�i�n� �:� �=� �n�e�w�l�a�b�e�l�;
�E�.�t�r�u�e� �:� �=� �n�e�w�l�a�b�e�l�;
�E�.�f�a�l�s�e� �:� �=� �S�.�n�e�x�t�;
�S�1�.�n�e�x�t� �:� �=� �S�.�b�e�g�i�n�;
�S�.�c�o�d�e� �:� �=� �g�e�n�(�S�.�b�e�g�i�n�  ��: ��)�|�| �E�.�c�o�d�e� �|�|

�g�e�n�(�E�.�t�r�u�e�  ��: ��)� �|�|� �S�1�.�c�o�d�e� �|�|
�g�e�n�( ��g�o�t�o �� �S�.�b�e�g�i�n�)

�C�o�n�t�r�o�l�-�F�l�o�w� �T�r�a�n�s�l�a�t�i�o�n� �o�f� �B�o�o�l�e�a�n� �E�x�p�r�e�s�s�i�o�n�s�:

�S�y�n�t�a�x�-�d�i�r�e�c�t�e�d� �d�e�f�i�n�i�t�i�o�n� �t�o� �p�r�o�d�u�c�e� �t�h�r�e�e�-�a�d�d�r�e�s�s� �c�o�d�e� �f�o�r� �b�o�o�l�e�a�n�s

�P�R�O�D�U�C�T�I�O�N� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �S�E�M�A�N�T�I�C� �R�U�L�E�S

�Eðà �E�1�o�r�E�2 �E�1�.�t�r�u�e� �:� �=� �E�.�t�r�u�e�;
�E�1�.�f�a�l�s�e� �:� �=� �n�e�w�l�a�b�e�l�;
�E�2�.�t�r�u�e� �:� �=� �E�.�t�r�u�e�;
�E�2�.�f�a�l�s�e� �:� �=� �E�.�f�a�l�s�e�;
�E�.�c�o�d�e� �:� �=� �E�1�.�c�o�d�e� �|�|� �g�e�n�(�E�1�.�f�a�l�s�e�  ��: ��)� �|�|� �E�2�.�c�o�d�e

�Eðà �E�1�a�n�d�E�2 �E�.�t�r�u�e� �:� �=� �n�e�w�l�a�b�e�l�;
�E�1�.�f�a�l�s�e� �:� �=� �E�.�f�a�l�s�e�;
�E�2�.�t�r�u�e� �:� �=� �E�.�t�r�u�e�;
�E�2�.�f�a�l�s�e� �:� �=� �E�.�f�a�l�s�e�;
�E�.�c�o�d�e� �:� �=� �E�1�.�c�o�d�e� �|�|� �g�e�n�(�E�1�.�t�r�u�e�  ��: ��)� �|�|� �E�2�.�c�o�d�e

�Eðà �n�o�t�E�1 �E�1�.�t�r�u�e� �:� �= �E�.�f�a�l�s�e�;
�E�1�.�f�a�l�s�e� �:� �=� �E�.�t�r�u�e�;
�E�.�c�o�d�e� �:� �=� �E�1�.�c�o�d�e

�Eðà �(� �E�1� �) �E�1�.�t�r�u�e� �:� �=� �E�.�t�r�u�e�;



�E�1�.�f�a�l�s�e� �:� �=� �E�.�f�a�l�s�e�;
�E�.�c�o�d�e� �:� �=� �E�1�.�c�o�d�e

�Eðà �i�d�1�r�e�l�o�p �i�d�2 �E�.�c�o�d�e� �:� �=� �g�e�n�( ��i�f ��i�d�1�.�p�l�a�c�e�r�e�l�o�p�.�o�p�i�d�2�.�p�l�a�c�e
 ��g�o�t�o ��E�.�t�r�u�e�)� �|�|� �g�e�n�( ��g�o�t�o ��E�.�f�a�l�s�e�)

�Eðà �t�r�u�e �E�.�c�o�d�e� �:� �=� �g�e�n�( ��g�o�t�o ��E�.�t�r�u�e�)

�Eðà �f�a�l�s�e �E�.�c�o�d�e� �:� �=� �g�e�n�( ��g�o�t�o �� �E�.�f�a�l�s�e�)

�C�A�S�E� �S�T�A�T�E�M�E�N�T�S

�T�h�e�  ��s�w�i�t�c�h �� �o�r�  ��c�a�s�e �� �s�t�a�t�e�m�e�n�t� �i�s� �a�v�a�i�l�a�b�l�e �i�n� �a� �v�a�r�i�e�t�y� �o�f� �l�a�n�g�u�a�g�e�s�. �T�h�e� �s�w�i�t�c�h�-�s�t�a�t�e�m�e�n�t
�s�y�n�t�a�x� �i�s� �a�s� �s�h�o�w�n� �b�e�l�o�w� �:

�S�w�i�t�c�h�-�s�t�a�t�e�m�e�n�t� �s�y�n�t�a�x

�s�w�i�t�c�h�e�x�p�r�e�s�s�i�o�n
�b�e�g�i�n

�c�a�s�e�v�a�l�u�e�: �s�t�a�t�e�m�e�n�t
�c�a�s�e�v�a�l�u�e�: �s�t�a�t�e�m�e�n�t

�.� �.� �.
�c�a�s�e�v�a�l�u�e�: �s�t�a�t�e�m�e�n�t
�d�e�f�a�u�l�t �:�s�t�a�t�e�m�e�n�t

�e�n�d

�T�h�e�r�e� �i�s� �a� �s�e�l�e�c�t�o�r� �e�x�p�r�e�s�s�i�o�n�,� �w�h�i�c�h� �i�s� �t�o� �b�e� �e�v�a�l�u�a�t�e�d�,� �f�o�l�l�o�w�e�d� �b�y �n�c�o�n�s�t�a�n�t� �v�a�l�u�e�s
�t�h�a�t� �t�h�e� �e�x�p�r�e�s�s�i�o�n� �m�i�g�h�t� �t�a�k�e�, �i�n�c�l�u�d�i�n�g� �a� �d�e�f�a�u�l�t�  ��v�a�l�u�e �� �w�h�i�c�h� �a�l�w�a�y�s� �m�a�t�c�h�e�s� �t�h�e� �e�x�p�r�e�s�s�i�o�n
�i�f� �n�o� �o�t�h�e�r� �v�a�l�u�e� �d�o�e�s�.� �T�h�e� �i�n�t�e�n�d�e�d� �t�r�a�n�s�l�a�t�i�o�n� �o�f� �a� �s�w�i�t�c�h� �i�s� �c�o�d�e� �t�o�:

�1�. �E�v�a�l�u�a�t�e� �t�h�e� �e�x�p�r�e�s�s�i�o�n�.
�2�. �F�i�n�d� �w�h�i�c�h� �v�a�l�u�e� �i�n� �t�h�e� �l�i�s�t� �o�f� �c�a�s�e�s� �i�s� �t�h�e� �s�a�m�e� �a�s� �t�h�e� �v�a�l�u�e� �o�f� �t�h�e� �e�x�p�r�e�s�s�i�o�n�.
�3�. �E�x�e�c�u�t�e� �t�h�e� �s�t�a�t�e�m�e�n�t� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e� �v�a�l�u�e� �f�o�u�n�d�.

�S�t�e�p� �(�2�)� �c�a�n� �b�e� �i�m�p�l�e�m�e�n�t�e�d� �i�n� �o�n�e� �o�f� �s�e�v�e�r�a�l� �w�a�y�s� �:

ðØ �B�y� �a� �s�e�q�u�e�n�c�e� �o�f� �c�o�n�d�i�t�i�o�n�a�l�g�o�t�o�s�t�a�t�e�m�e�n�t�s�,� �i�f� �t�h�e� �n�u�m�b�e�r� �o�f� �c�a�s�e�s� �i�s� �s�m�a�l�l�.
ðØ �B�y� �c�r�e�a�t�i�n�g� �a� �t�a�b�l�e� �o�f� �p�a�i�r�s�, �w�i�t�h �e�a�c�h� �p�a�i�r� �c�o�n�s�i�s�t�i�n�g� �o�f� �a� �v�a�l�u�e� �a�n�d� �a� �l�a�b�e�l� �f�o�r� �t�h�e� �c�o�d�e

�o�f� �t�h�e� �c�o�r�r�e�s�p�o�n�d�i�n�g� �s�t�a�t�e�m�e�n�t�. �C�o�m�p�i�l�e�r� �g�e�n�e�r�a�t�e�s� �a� �l�o�o�p� �t�o� �c�o�m�p�a�r�e� �t�h�e� �v�a�l�u�e� �o�f� �t�h�e
�e�x�p�r�e�s�s�i�o�n� �w�i�t�h� �e�a�c�h� �v�a�l�u�e� �i�n� �t�h�e� �t�a�b�l�e�.� �I�f� �n�o� �m�a�t�c�h� �i�s� �f�o�u�n�d�,� �t�h�e� �d�e�f�a�u�l�t� �(�l�a�s�t�)� �e�n�t�r�y� �i�s
�s�u�r�e� �t�o� �m�a�t�c�h�.

ðØ �I�f� �t�h�e� �n�u�m�b�e�r� �o�f� �c�a�s�e�s� �s� �l�a�r�g�e�,� �i�t� �i�s� �e�f�f�i�c�i�e�n�t �t�o� �c�o�n�s�t�r�u�c�t� �a� �h�a�s�h� �t�a�b�l�e�.
ðØ �T�h�e�r�e� �i�s� �a� �c�o�m�m�o�n� �s�p�e�c�i�a�l� �c�a�s�e� �i�n� �w�h�i�c�h� �a�n� �e�f�f�i�c�i�e�n�t� �i�m�p�l�e�m�e�n�t�a�t�i�o�n� �o�f� �t�h�e� �n�-�w�a�y� �b�r�a�n�c�h

�e�x�i�s�t�s�.� �I�f� �t�h�e� �v�a�l�u�e�s� �a�l�l� �l�i�e� �i�n� �s�o�m�e� �s�m�a�l�l� �r�a�n�g�e�,� �s�a�y� �i�m�i�n�t�o� �i�m�a�x�,� �a�n�d� �t�h�e� �n�u�m�b�e�r� �o�f
�d�i�f�f�e�r�e�n�t� �v�a�l�u�e�s� �i�s� �a� �r�e�a�s�o�n�a�b�l�e� �f�r�a�c�t�i�o�n� �o�f� �i�m�a�x�- �i�m�i�n�,� �t�h�e�n� �w�e� �c�a�n� �c�o�n�s�t�r�u�c�t� �a�n� �a�r�r�a�y� �o�f
�l�a�b�e�l�s�,� �w�i�t�h� �t�h�e� �l�a�b�e�l� �o�f� �t�h�e� �s�t�a�t�e�m�e�n�t� �f�o�r� �v�a�l�u�e� �j� �i�n� �t�h�e� �e�n�t�r�y� �o�f� �t�h�e� �t�a�b�l�e� �w�i�t�h� �o�f�f�s�e�t� �j �-
�i�m�i�n�a�n�d� �t�h�e� �l�a�b�e�l� �f�o�r� �t�h�e� �d�e�f�a�u�l�t� �i�n� �e�n�t�r�i�e�s� �n�o�t� �f�i�l�l�e�d� �o�t�h�e�r�w�i�s�e�. �T�o� �p�e�r�f�o�r�m� �s�w�i�t�c�h�,



�e�v�a�l�u�a�t�e� �t�h�e� �e�x�p�r�e�s�s�i�o�n� �t�o� �o�b�t�a�i�n� �t�h�e �v�a�l�u�e� �o�f�j �,� �c�h�e�c�k� �t�h�e� �v�a�l�u�e� �i�s� �w�i�t�h�i�n� �r�a�n�g�e� �a�n�d
�t�r�a�n�s�f�e�r� �t�o� �t�h�e� �t�a�b�l�e� �e�n�t�r�y� �a�t� �o�f�f�s�e�t� �j�-�i�m�i�n�.

�S�y�n�t�a�x�-�D�i�r�e�c�t�e�d� �T�r�a�n�s�l�a�t�i�o�n� �o�f� �C�a�s�e� �S�t�a�t�e�m�e�n�t�s�:

�C�o�n�s�i�d�e�r� �t�h�e� �f�o�l�l�o�w�i�n�g� �s�w�i�t�c�h� �s�t�a�t�e�m�e�n�t�:

�s�w�i�t�c�h�E
�b�e�g�i�n

�c�a�s�e�V�1�: �S�1
�c�a�s�e�V�2�: �S�2

�.� �.� �.
�c�a�s�e�V�n�-�1�: �S�n�-�1

�d�e�f�a�u�l�t �:�S�n
�e�n�d

�T�h�i�s� �c�a�s�e� �s�t�a�t�e�m�e�n�t� �i�s� �t�r�a�n�s�l�a�t�e�d� �i�n�t�o� �i�n�t�e�r�m�e�d�i�a�t�e� �c�o�d�e� �t�h�a�t� �h�a�s� �t�h�e� �f�o�l�l�o�w�i�n�g� �f�o�r�m� �:

�T�r�a�n�s�l�a�t�i�o�n� �o�f� �a� �c�a�s�e� �s�t�a�t�e�m�e�n�t

�c�o�d�e� �t�o� �e�v�a�l�u�a�t�e�E�i�n�t�o� �t
�g�o�t�o� �t�e�s�t

�L�1�:� � � � � � � � � � � � � � � � �c�o�d�e� �f�o�r�S�1
�g�o�t�o �n�e�x�t

�L�2�: �c�o�d�e� �f�o�r�S�2
�g�o�t�o� �n�e�x�t

�.� � �.� � �.
�L�n�-�1�: �c�o�d�e� �f�o�r�S�n�-�1

�g�o�t�o� �n�e�x�t
�L�n�:� � � � � � � � � � � � � � � � �c�o�d�e� �f�o�r�S�n

�g�o�t�o� �n�e�x�t
�t�e�s�t� �: �i�f� � �t� �=�V�1�g�o�t�o� �L�1

�i�f� � �t� �=�V�2�g�o�t�o� �L�2

�.� � �.� � �.
�i�f� � �t� �=�V�n�-�1�g�o�t�o �L�n�-�1

�g�o�t�o� �L�n

�n�e�x�t� �:

�T�o� �t�r�a�n�s�l�a�t�e� �i�n�t�o� �a�b�o�v�e� �f�o�r�m� �:

ðØ �W�h�e�n� �k�e�y�w�o�r�d�s�w�i�t�c�h�i�s� �s�e�e�n�,� �t�w�o� �n�e�w� �l�a�b�e�l�s�t�e�s�t�a�n�d�n�e�x�t�,�a�n�d �a� �n�e�w� �t�e�m�p�o�r�a�r�y�t �a�r�e
�g�e�n�e�r�a�t�e�d�.

ðØ �A�s� �e�x�p�r�e�s�s�i�o�n�E�i�s� �p�a�r�s�e�d�,� �t�h�e� �c�o�d�e� �t�o� �e�v�a�l�u�a�t�e�E�i�n�t�o�t�i�s� �g�e�n�e�r�a�t�e�d�.� �A�f�t�e�r� �p�r�o�c�e�s�s�i�n�g�E�,
�t�h�e� �j�u�m�p�g�o�t�o� �t�e�s�t�i�s� �g�e�n�e�r�a�t�e�d�.

ðØ �A�s� �e�a�c�h�c�a�s�e�k�e�y�w�o�r�d� �o�c�c�u�r�s�,� �a� �n�e�w� �l�a�b�e�l �L�i�i�s �c�r�e�a�t�e�d� �a�n�d� �e�n�t�e�r�e�d� �i�n�t�o� �t�h�e� �s�y�m�b�o�l� �t�a�b�l�e�.
�A� �p�o�i�n�t�e�r� �t�o �t�h�i�s� �s�y�m�b�o�l�-�t�a�b�l�e� �e�n�t�r�y� �a�n�d� �t�h�e� �v�a�l�u�e�V�i �o�f� �c�a�s�e� �c�o�n�s�t�a�n�t� �a�r�e� �p�l�a�c�e�d� �o�n� �a
�s�t�a�c�k� �(�u�s�e�d� �o�n�l�y� �t�o� �s�t�o�r�e� �c�a�s�e�s�)�.



ðØ �E�a�c�h� �s�t�a�t�e�m�e�n�t�c�a�s�e�V�i �:� �S�i �i�s �p�r�o�c�e�s�s�e�d �b�y� �e�m�i�t�t�i�n�g� �t�h�e� �n�e�w�l�y� �c�r�e�a�t�e�d� �l�a�b�e�l �L�i�,� �f�o�l�l�o�w�e�d
�b�y� �t�h�e� �c�o�d�e� �f�o�r�S�i �,� �f�o�l�l�o�w�e�d� �b�y� �t�h�e� �j�u�m�p�g�o�t�o� �n�e�x�t�.

ðØ �T�h�e�n� �w�h�e�n� �t�h�e� �k�e�y�w�o�r�d�e�n�d�t�e�r�m�i�n�a�t�i�n�g� �t�h�e� �b�o�d�y� �o�f� �t�h�e� �s�w�i�t�c�h� �i�s� �f�o�u�n�d�,� �t�h�e� �c�o�d�e� �c�a�n� �b�e
�g�e�n�e�r�a�t�e�d� �f�o�r� �t�h�e� �n�-�w�a�y� �b�r�a�n�c�h�.� �R�e�a�d�i�n�g� �t�h�e� �p�o�i�n�t�e�r�-�v�a�l�u�e� �p�a�i�r�s� �o�n� �t�h�e� �c�a�s�e� �s�t�a�c�k� �f�r�o�m
�t�h�e� �b�o�t�t�o�m� �t�o� �t�h�e� �t�o�p�,� �w�e� �c�a�n� �g�e�n�e�r�a�t�e� �a� �s�e�q�u�e�n�c�e� �o�f� �t�h�r�e�e�-�a�d�d�r�e�s�s� �s�t�a�t�e�m�e�n�t�s� �o�f� �t�h�e� �f�o�r�m

�c�a�s�e�V�1 �L�1

�c�a�s�e�V�2 �L�2

�.� �.� �.
�c�a�s�e�V�n�-�1�L�n�-�1

�c�a�s�e �t �L�n

�l�a�b�e�l� � �n�e�x�t

�w�h�e�r�e� �t� �i�s� �t�h�e� �n�a�m�e� �h�o�l�d�i�n�g� �t�h�e� �v�a�l�u�e� �o�f� �t�h�e� �s�e�l�e�c�t�o�r� �e�x�p�r�e�s�s�i�o�n�E�,� �a�n�d� �L�n �i�s� �t�h�e� �l�a�b�e�l� �f�o�r
�t�h�e� �d�e�f�a�u�l�t� �s�t�a�t�e�m�e�n�t�.

�B�A�C�K�P�A�T�C�H�I�N�G

�T�h�e� �e�a�s�i�e�s�t� �w�a�y� �t�o� �i�m�p�l�e�m�e�n�t� �t�h�e� �s�y�n�t�a�x�-�d�i�r�e�c�t�e�d� �d�e�f�i�n�i�t�i�o�n�s �f�o�r� �b�o�o�l�e�a�n� �e�x�p�r�e�s�s�i�o�n�s �i�s
�t�o� �u�s�e� �t�w�o� �p�a�s�s�e�s�. �F�i�r�s�t�,� �c�o�n�s�t�r�u�c�t� �a� �s�y�n�t�a�x� �t�r�e�e� �f�o�r� �t�h�e� �i�n�p�u�t�,� �a�n�d� �t�h�e�n� �w�a�l�k� �t�h�e� �t�r�e�e� �i�n� �d�e�p�t�h�-�f�i�r�s�t
�o�r�d�e�r�,� �c�o�m�p�u�t�i�n�g� �t�h�e� �t�r�a�n�s�l�a�t�i�o�n�s�.� �T�h�e� �m�a�i�n� �p�r�o�b�l�e�m� �w�i�t�h� �g�e�n�e�r�a�t�i�n�g� �c�o�d�e� �f�o�r� �b�o�o�l�e�a�n
�e�x�p�r�e�s�s�i�o�n�s� �a�n�d� �f�l�o�w�-�o�f�-�c�o�n�t�r�o�l� �s�t�a�t�e�m�e�n�t�s� �i�n� �a� �s�i�n�g�l�e� �p�a�s�s� �i�s� �t�h�a�t� �d�u�r�i�n�g� �o�n�e� �s�i�n�g�l�e �p�a�s�s� �w�e� �m�a�y
�n�o�t� �k�n�o�w� �t�h�e� �l�a�b�e�l�s� �t�h�a�t� �c�o�n�t�r�o�l� �m�u�s�t� �g�o� �t�o� �a�t� �t�h�e� �t�i�m�e� �t�h�e� �j�u�m�p� �s�t�a�t�e�m�e�n�t�s� �a�r�e� �g�e�n�e�r�a�t�e�d�. �H�e�n�c�e�,
�a� �s�e�r�i�e�s� �o�f� �b�r�a�n�c�h�i�n�g� �s�t�a�t�e�m�e�n�t�s� �w�i�t�h� �t�h�e� �t�a�r�g�e�t�s� �o�f� �t�h�e� �j�u�m�p�s� �l�e�f�t� �u�n�s�p�e�c�i�f�i�e�d� �i�s� �g�e�n�e�r�a�t�e�d�. �E�a�c�h
�s�t�a�t�e�m�e�n�t� �w�i�l�l� �b�e� �p�u�t� �o�n� �a� �l�i�s�t� �o�f� �g�o�t�o� �s�t�a�t�e�m�e�n�t�s� �w�h�o�s�e� �l�a�b�e�l�s� �w�i�l�l� �b�e� �f�i�l�l�e�d� �i�n� �w�h�e�n� �t�h�e� �p�r�o�p�e�r
�l�a�b�e�l� �c�a�n� �b�e� �d�e�t�e�r�m�i�n�e�d�.� �W�e� �c�a�l�l� �t�h�i�s� �s�u�b�s�e�q�u�e�n�t� �f�i�l�l�i�n�g� �i�n� �o�f� �l�a�b�e�l�s�b�a�c�k�p�a�t�c�h�i�n�g�.

�T�o� �m�a�n�i�p�u�l�a�t�e� �l�i�s�t�s� �o�f� �l�a�b�e�l�s�,� �w�e� �u�s�e� �t�h�r�e�e� �f�u�n�c�t�i�o�n�s �:

�1�. �m�a�k�e�l�i�s�t�(�i�) �c�r�e�a�t�e�s� �a� �n�e�w� �l�i�s�t� �c�o�n�t�a�i�n�i�n�g� �o�n�l�y�i�,� �a�n� �i�n�d�e�x� �i�n�t�o �t�h�e� �a�r�r�a�y� �o�f� �q�u�a�d�r�u�p�l�e�s�;
�m�a�k�e�l�i�s�t�r�e�t�u�r�n�s� �a� �p�o�i�n�t�e�r� �t�o� �t�h�e� �l�i�s�t� �i�t� �h�a�s� �m�a�d�e�.

�2�. �m�e�r�g�e�(�p�1�,�p�2�) �c�o�n�c�a�t�e�n�a�t�e�s� �t�h�e� �l�i�s�t�s� �p�o�i�n�t�e�d� �t�o� �b�y�p�1 �a�n�d�p�2�,�a�n�d� �r�e�t�u�r�n�s� �a� �p�o�i�n�t�e�r� �t�o� �t�h�e
�c�o�n�c�a�t�e�n�a�t�e�d� �l�i�s�t�.

�3�. �b�a�c�k�p�a�t�c�h�(�p�,�i�)�i�n�s�e�r�t�s� �i� �a�s� �t�h�e� �t�a�r�g�e�t� �l�a�b�e�l� �f�o�r� �e�a�c�h� �o�f� �t�h�e� �s�t�a�t�e�m�e�n�t�s� �o�n� �t�h�e� �l�i�s�t� �p�o�i�n�t�e�d� �t�o
�b�y�p�.

�B�o�o�l�e�a�n� �E�x�p�r�e�s�s�i�o�n�s�:

�W�e �n�o�w� �c�o�n�s�t�r�u�c�t� �a� �t�r�a�n�s�l�a�t�i�o�n� �s�c�h�e�m�e� �s�u�i�t�a�b�l�e� �f�o�r� �p�r�o�d�u�c�i�n�g� �q�u�a�d�r�u�p�l�e�s� �f�o�r� �b�o�o�l�e�a�n
�e�x�p�r�e�s�s�i�o�n�s� �d�u�r�i�n�g� �b�o�t�t�o�m�-�u�p� �p�a�r�s�i�n�g�.� �T�h�e� �g�r�a�m�m�a�r� �w�e� �u�s�e� �i�s� �t�h�e� �f�o�l�l�o�w�i�n�g�:

�(�1�) �Eðà �E�1�o�r�M� �E�2
�(�2�) �|�E�1�a�n�d�M� �E�2
�(�3�) �|�n�o�t�E�1

�(�4�) �|� � � �(�E�1�)
�(�5�) �|�i�d�1�r�e�l�o�p �i�d�2

�(�6�) �|�t�r�u�e
�(�7�) �|�f�a�l�s�e
�(�8�) �Mðà�[



�S�y�n�t�h�e�s�i�z�e�d� �a�t�t�r�i�b�u�t�e�s�t�r�u�e�l�i�s�t�a�n�d�f�a�l�s�e�l�i�s�t�o�f� �n�o�n�t�e�r�m�i�n�a�l�E�a�r�e� �u�s�e�d� �t�o� �g�e�n�e�r�a�t�e� �j�u�m�p�i�n�g� �c�o�d�e
�f�o�r� �b�o�o�l�e�a�n� �e�x�p�r�e�s�s�i�o�n�s�. �I�n�c�o�m�p�l�e�t�e� �j�u�m�p�s� �w�i�t�h� �u�n�f�i�l�l�e�d� �l�a�b�e�l�s� �a�r�e� �p�l�a�c�e�d� �o�n� �l�i�s�t�s� �p�o�i�n�t�e�d� �t�o� �b�y
�E�.�t�r�u�e�l�i�s�t�a�n�d�E�.�f�a�l�s�e�l�i�s�t�.

�C�o�n�s�i�d�e�r� �p�r�o�d�u�c�t�i�o�n�Eðà �E�1�a�n�d�M� �E�2�.�I�f�E�1�i�s� �f�a�l�s�e�,� �t�h�e�n�E�i�s� �a�l�s�o� �f�a�l�s�e�,� �s�o� �t�h�e� �s�t�a�t�e�m�e�n�t�s� �o�n
�E�1�.�f�a�l�s�e�l�i�s�t�b�e�c�o�m�e� �p�a�r�t� �o�f�E�.�f�a�l�s�e�l�i�s�t�.� �I�f�E�1�i�s� �t�r�u�e�,� �t�h�e�n� �w�e� �m�u�s�t� �n�e�x�t� �t�e�s�t�E�2�,� �s�o� �t�h�e� �t�a�r�g�e�t� �f�o�r� �t�h�e
�s�t�a�t�e�m�e�n�t�s�E�1�.�t�r�u�e�l�i�s�t�m�u�s�t� �b�e� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� �t�h�e� �c�o�d�e� �g�e�n�e�r�a�t�e�d� �f�o�r�E�2�. �T�h�i�s� �t�a�r�g�e�t �i�s� �o�b�t�a�i�n�e�d
�u�s�i�n�g� �m�a�r�k�e�r� �n�o�n�t�e�r�m�i�n�a�l�M�.

�A�t�t�r�i�b�u�t�e�M�.�q�u�a�d�r�e�c�o�r�d�s� �t�h�e� �n�u�m�b�e�r� �o�f� �t�h�e� �f�i�r�s�t� �s�t�a�t�e�m�e�n�t� �o�f�E�2�.�c�o�d�e�. �W�i�t�h� �t�h�e� �p�r�o�d�u�c�t�i�o�n� �Mðà
�[ �w�e� �a�s�s�o�c�i�a�t�e� �t�h�e� �s�e�m�a�n�t�i�c� �a�c�t�i�o�n

�{ �M�.�q�u�a�d� �:� �=� �n�e�x�t�q�u�a�d�}

�T�h�e� �v�a�r�i�a�b�l�e�n�e�x�t�q�u�a�d�h�o�l�d�s� �t�h�e� �i�n�d�e�x� �o�f� �t�h�e� �n�e�x�t� �q�u�a�d�r�u�p�l�e� �t�o� �f�o�l�l�o�w�.� �T�h�i�s� �v�a�l�u�e� �w�i�l�l� �b�e
�b�a�c�k�p�a�t�c�h�e�d� �o�n�t�o� � �t�h�e�E�1�.�t�r�u�e�l�i�s�t�w�h�e�n� �w�e� �h�a�v�e� �s�e�e�n� �t�h�e� �r�e�m�a�i�n�d�e�r� �o�f� �t�h�e� �p�r�o�d�u�c�t�i�o�n�Eðà �E�1�a�n�d
�M �E�2�.� �T�h�e� �t�r�a�n�s�l�a�t�i�o�n� �s�c�h�e�m�e� �i�s� �a�s� �f�o�l�l�o�w�s�:

�(�1�)�Eðà �E�1�o�r�M� �E�2 �{ �b�a�c�k�p�a�t�c�h�(�E�1�.�f�a�l�s�e�l�i�s�t�,�M�.�q�u�a�d�)�;
�E�.�t�r�u�e�l�i�s�t�:� �=�m�e�r�g�e�(�E�1�.�t�r�u�e�l�i�s�t�,� �E�2�.�t�r�u�e�l�i�s�t�)�;
�E�.�f�a�l�s�e�l�i�s�t�: �=�E�2�.�f�a�l�s�e�l�i�s�t�}

�(�2�)�Eðà �E�1�a�n�d�M� �E�2 �{ �b�a�c�k�p�a�t�c�h�(�E�1�.�t�r�u�e�l�i�s�t�,� �M�.�q�u�a�d�)�;
�E�.�t�r�u�e�l�i�s�t�:� �=�E�2�.�t�r�u�e�l�i�s�t�;
�E�.�f�a�l�s�e�l�i�s�t�:� �=�m�e�r�g�e�(�E�1�.�f�a�l�s�e�l�i�s�t�,� �E�2�.�f�a�l�s�e�l�i�s�t�) �}

�(�3�)�Eðà �n�o�t�E�1 �{ �E�.�t�r�u�e�l�i�s�t�:� �=�E�1�.�f�a�l�s�e�l�i�s�t�;
�E�.�f�a�l�s�e�l�i�s�t�:� �=�E�1�.�t�r�u�e�l�i�s�t�; �}

�(�4�)�Eðà �(�E�1�) �{�E�.�t�r�u�e�l�i�s�t�:� �=�E�1�.�t�r�u�e�l�i�s�t�;
�E�.�f�a�l�s�e�l�i�s�t�:� �=�E�1�.�f�a�l�s�e�l�i�s�t�;� �}

�(�5�)�Eðà �i�d�1�r�e�l�o�p� �i�d�2 �{ �E�.�t�r�u�e�l�i�s�t�:� �=�m�a�k�e�l�i�s�t�(�n�e�x�t�q�u�a�d�)�;
�E�.�f�a�l�s�e�l�i�s�t�:� �=�m�a�k�e�l�i�s�t�(�n�e�x�t�q�u�a�d� �+� �1�)�;
�e�m�i�t�( ��i�f ��i�d�1�.�p�l�a�c�e�r�e�l�o�p�.�o�p�i�d�2�.�p�l�a�c�e�  ��g�o�t�o�_ ��)
�e�m�i�t�( ��g�o�t�o�_ ��)� �}

�(�6�)�Eðà �t�r�u�e �{ �E�.�t�r�u�e�l�i�s�t�:� �=�m�a�k�e�l�i�s�t�(�n�e�x�t�q�u�a�d�)�;
�e�m�i�t�( ��g�o�t�o�_ ��)� �}

�(�7�)�Eðà �f�a�l�s�e �{ �E�.�f�a�l�s�e�l�i�s�t�:� �=�m�a�k�e�l�i�s�t�(�n�e�x�t�q�u�a�d�)�;
�e�m�i�t�( ��g�o�t�o�_ ��)� �}

�(�8�)�Mðà�[ �{�M�.�q�u�a�d�:� �=�n�e�x�t�q�u�a�d�}



�F�l�o�w�-�o�f�-�C�o�n�t�r�o�l� �S�t�a�t�e�m�e�n�t�s�:

�A� �t�r�a�n�s�l�a�t�i�o�n� �s�c�h�e�m�e �i�s� �d�e�v�e�l�o�p�e�d �f�o�r� �s�t�a�t�e�m�e�n�t�s �g�e�n�e�r�a�t�e�d� �b�y� �t�h�e� �f�o�l�l�o�w�i�n�g� �g�r�a�m�m�a�r �:

�(�1�) �Sðà �i�f�E�t�h�e�n�S
�(�2�) �|�i�f�E�t�h�e�n�S�e�l�s�e�S
�(�3�) �|�w�h�i�l�e�E�d�o�S
�(�4�) �| �b�e�g�i�n�L�e�n�d
�(�5�) �|�A
�(�6�) �Lðà �L� �;� �S
�(�7�) �|�S

�H�e�r�e�S�d�e�n�o�t�e�s� �a� �s�t�a�t�e�m�e�n�t�,�L �a� �s�t�a�t�e�m�e�n�t� �l�i�s�t�,�A �a�n� �a�s�s�i�g�n�m�e�n�t �s�t�a�t�e�m�e�n�t�,� �a�n�d� �E� �a� �b�o�o�l�e�a�n
�e�x�p�r�e�s�s�i�o�n�.� �W�e� �m�a�k�e� �t�h�e� �t�a�c�i�t� �a�s�s�u�m�p�t�i�o�n� �t�h�a�t� �t�h�e �c�o�d�e� �t�h�a�t� �f�o�l�l�o�w�s� �a� �g�i�v�e�n� �s�t�a�t�e�m�e�n�t� �i�n
�e�x�e�c�u�t�i�o�n� �a�l�s�o� �f�o�l�l�o�w�s� �i�t� �p�h�y�s�i�c�a�l�l�y� �i�n� �t�h�e� �q�u�a�d�r�u�p�l�e� �a�r�r�a�y�. �E�l�s�e�,� �a�n� �e�x�p�l�i�c�i�t� �j�u�m�p� �m�u�s�t� �b�e
�p�r�o�v�i�d�e�d�.

�S�c�h�e�m�e� �t�o� �i�m�p�l�e�m�e�n�t� �t�h�e� �T�r�a�n�s�l�a�t�i�o�n�:

�T�h�e� �n�o�n�t�e�r�m�i�n�a�l� �E� �h�a�s� �t�w�o� �a�t�t�r�i�b�u�t�e�s�E�.�t�r�u�e�l�i�s�t�a�n�d�E�.�f�a�l�s�e�l�i�s�t�.�L�a�n�d�S�a�l�s�o� �n�e�e�d� �a� �l�i�s�t� �o�f
�u�n�f�i�l�l�e�d� �q�u�a�d�r�u�p�l�e�s� �t�h�a�t� �m�u�s�t� �e�v�e�n�t�u�a�l�l�y� �b�e� �c�o�m�p�l�e�t�e�d� �b�y� �b�a�c�k�p�a�t�c�h�i�n�g�.� �T�h�e�s�e� �l�i�s�t�s� �a�r�e� �p�o�i�n�t�e�d
�t�o� �b�y� �t�h�e� �a�t�t�r�i�b�u�t�e�s�L�.�.�n�e�x�t�l�i�s�t�a�n�d�S�.�n�e�x�t�l�i�s�t�.�S�.�n�e�x�t�l�i�s�t�i�s� �a� �p�o�i�n�t�e�r� �t�o� �a� �l�i�s�t� �o�f� �a�l�l� �c�o�n�d�i�t�i�o�n�a�l� �a�n�d
�u�n�c�o�n�d�i�t�i�o�n�a�l� �j�u�m�p�s� �t�o� �t�h�e� �q�u�a�d�r�u�p�l�e� �f�o�l�l�o�w�i�n�g� �t�h�e� �s�t�a�t�e�m�e�n�t� �S� �i�n� �e�x�e�c�u�t�i�o�n� �o�r�d�e�r�,� �a�n�d�L�.�n�e�x�t�l�i�s�t
�i�s� �d�e�f�i�n�e�d� �s�i�m�i�l�a�r�l�y�.

�T�h�e� �s�e�m�a�n�t�i�c �r�u�l�e�s� �f�o�r� �t�h�e� �r�e�v�i�s�e�d� �g�r�a�m�m�a�r� �a�r�e �a�s� �f�o�l�l�o�w�s�:

�(�1�) �Sðà �i�f�E�t�h�e�n�M�1�S�1�N�e�l�s�e�M�2�S�2
�{ �b�a�c�k�p�a�t�c�h�(�E�.�t�r�u�e�l�i�s�t�,�M�1�.�q�u�a�d�)�;

�b�a�c�k�p�a�t�c�h�(�E�.�f�a�l�s�e�l�i�s�t�,�M�2�.�q�u�a�d�)�;
�S�.�n�e�x�t�l�i�s�t�:� �=�m�e�r�g�e�(�S�1�.�n�e�x�t�l�i�s�t�, �m�e�r�g�e�(�N�.�n�e�x�t�l�i�s�t�,�S�2�.�n�e�x�t�l�i�s�t�)�)� �}

�W�e� �b�a�c�k�p�a�t�c�h� �t�h�e� �j�u�m�p�s� �w�h�e�n�E�i�s� �t�r�u�e� �t�o� �t�h�e� �q�u�a�d�r�u�p�l�e�M�1�.�q�u�a�d�,� �w�h�i�c�h� �i�s� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� �t�h�e
�c�o�d�e� �f�o�r� �S�1�. �S�i�m�i�l�a�r�l�y�,� �w�e� �b�a�c�k�p�a�t�c�h� �j�u�m�p�s� �w�h�e�n�E�i�s� �f�a�l�s�e� �t�o� �g�o� �t�o� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� �t�h�e� �c�o�d�e� �f�o�r
�S�2�. �T�h�e �l�i�s�t�S�.�n�e�x�t�l�i�s�t�i�n�c�l�u�d�e�s� �a�l�l� �j�u�m�p�s� �o�u�t� �o�f� �S�1�a�n�d� �S�2�,� �a�s� �w�e�l�l� �a�s� �t�h�e� �j�u�m�p� �g�e�n�e�r�a�t�e�d� �b�y�N�.

�(�2�) �Nðà �[ �{�N�.�n�e�x�t�l�i�s�t�:� �=�m�a�k�e�l�i�s�t�(�n�e�x�t�q�u�a�d�)�;
�e�m�i�t�( ��g�o�t�o�_ ��)� �}

�(�3�) �Mðà�[ �{�M�.�q�u�a�d�:� �=�n�e�x�t�q�u�a�d�}

�(�4�) �Sðà �i�f�E�t�h�e�n�M �S�1 �{ �b�a�c�k�p�a�t�c�h�(�E�.�t�r�u�e�l�i�s�t�,�M�.�q�u�a�d�)�;
�S�.�n�e�x�t�l�i�s�t�:� �=�m�e�r�g�e�(�E�.�f�a�l�s�e�l�i�s�t�,�S�1�.�n�e�x�t�l�i�s�t�)� �}

�(�5�) �Sðà �w�h�i�l�e�M�1�E�d�o�M�2�S�1 �{ �b�a�c�k�p�a�t�c�h�(�S�1�.�n�e�x�t�l�i�s�t�,�M�1�.�q�u�a�d�)�;
�b�a�c�k�p�a�t�c�h�(�E�.�t�r�u�e�l�i�s�t�,�M�2�.�q�u�a�d�)�;
�S�.�n�e�x�t�l�i�s�t�:� �=�E�.�f�a�l�s�e�l�i�s�t
�e�m�i�t�(�  ��g�o�t�o ��M�1�.�q�u�a�d�)� �}

�(�6�) �Sðà �b�e�g�i�n�L�e�n�d �{ �S�.�n�e�x�t�l�i�s�t�:� �=�L�.�n�e�x�t�l�i�s�t�}



�(�7�) �Sðà �A �{ �S�.�n�e�x�t�l�i�s�t�:� �=�n�i�l�}

�T�h�e� �a�s�s�i�g�n�m�e�n�t�S�.�n�e�x�t�l�i�s�t�:� �=�n�i�l�i�n�i�t�i�a�l�i�z�e�s�S�.�n�e�x�t�l�i�s�t�t�o� �a�n� �e�m�p�t�y� �l�i�s�t�.

�(�8�) �Lðà �L�1�;�M� �S �{ �b�a�c�k�p�a�t�c�h�(�L�1�.�n�e�x�t�l�i�s�t�,�M�.�q�u�a�d�)�;
�L�.�n�e�x�t�l�i�s�t�:� �=�S�.�n�e�x�t�l�i�s�t�}

�T�h�e� �s�t�a�t�e�m�e�n�t� �f�o�l�l�o�w�i�n�g�L�1�i�n� �o�r�d�e�r� �o�f� �e�x�e�c�u�t�i�o�n� �i�s� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f�S�.� �T�h�u�s� �t�h�e�L�1�.�n�e�x�t�l�i�s�t�l�i�s�t� �i�s
�b�a�c�k�p�a�t�c�h�e�d� �t�o� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� �t�h�e� �c�o�d�e� �f�o�r�S�,� �w�h�i�c�h� �i�s� �g�i�v�e�n� �b�y�M�.�q�u�a�d�.

�(�9�) �Lðà �S �{ �L�.�n�e�x�t�l�i�s�t�:� �=�S�.�n�e�x�t�l�i�s�t�}

�P�R�O�C�E�D�U�R�E� �C�A�L�L�S

�T�h�e� �p�r�o�c�e�d�u�r�e� �i�s� �s�u�c�h� �a�n� �i�m�p�o�r�t�a�n�t� �a�n�d� �f�r�e�q�u�e�n�t�l�y� �u�s�e�d� �p�r�o�g�r�a�m�m�i�n�g� �c�o�n�s�t�r�u�c�t� �t�h�a�t� �i�t� �i�s
�i�m�p�e�r�a�t�i�v�e� �f�o�r� �a� �c�o�m�p�i�l�e�r� �t�o� �g�e�n�e�r�a�t�e� �g�o�o�d� �c�o�d�e� �f�o�r� �p�r�o�c�e�d�u�r�e� �c�a�l�l�s� �a�n�d� �r�e�t�u�r�n�s�.� �T�h�e� �r�u�n�-�t�i�m�e
�r�o�u�t�i�n�e�s� �t�h�a�t� �h�a�n�d�l�e� �p�r�o�c�e�d�u�r�e� �a�r�g�u�m�e�n�t� �p�a�s�s�i�n�g�,� �c�a�l�l�s� �a�n�d� �r�e�t�u�r�n�s� �a�r�e� �p�a�r�t� �o�f� �t�h�e� �r�u�n�-�t�i�m�e
�s�u�p�p�o�r�t� �p�a�c�k�a�g�e�.

�L�e�t� �u�s� �c�o�n�s�i�d�e�r� �a� �g�r�a�m�m�a�r� �f�o�r� �a� �s�i�m�p�l�e� �p�r�o�c�e�d�u�r�e� �c�a�l�l� �s�t�a�t�e�m�e�n�t

�(�1�) �Sðà �c�a�l�l� �i�d�(�E�l�i�s�t�)
�(�2�) �E�l�i�s�tðà �E�l�i�s�t� �,� �E
�(�3�) �E�l�i�s�tðà �E

�C�a�l�l�i�n�g� �S�e�q�u�e�n�c�e�s�:

�T�h�e� �t�r�a�n�s�l�a�t�i�o�n� �f�o�r� �a� �c�a�l�l� �i�n�c�l�u�d�e�s� �a� �c�a�l�l�i�n�g� �s�e�q�u�e�n�c�e�,� �a� �s�e�q�u�e�n�c�e� �o�f� �a�c�t�i�o�n�s� �t�a�k�e�n� �o�n� �e�n�t�r�y
�t�o� �a�n�d� �e�x�i�t� �f�r�o�m� �e�a�c�h� �p�r�o�c�e�d�u�r�e�. �T�h�e� �f�a�l�l�i�n�g� �a�r�e� �t�h�e� �a�c�t�i�o�n�s� �t�h�a�t� �t�a�k�e� �p�l�a�c�e� �i�n �a� �c�a�l�l�i�n�g� �s�e�q�u�e�n�c�e� �:

ðØ �W�h�e�n� �a� �p�r�o�c�e�d�u�r�e� �c�a�l�l� �o�c�c�u�r�s�,� �s�p�a�c�e� �m�u�s�t� �b�e� �a�l�l�o�c�a�t�e�d� �f�o�r� �t�h�e� �a�c�t�i�v�a�t�i�o�n� �r�e�c�o�r�d� �o�f� �t�h�e
�c�a�l�l�e�d� �p�r�o�c�e�d�u�r�e�.

ðØ �T�h�e� �a�r�g�u�m�e�n�t�s� �o�f� �t�h�e� �c�a�l�l�e�d� �p�r�o�c�e�d�u�r�e� �m�u�s�t� �b�e� �e�v�a�l�u�a�t�e�d� �a�n�d� �m�a�d�e� �a�v�a�i�l�a�b�l�e� �t�o� �t�h�e �c�a�l�l�e�d
�p�r�o�c�e�d�u�r�e �i�n� �a� �k�n�o�w�n� �p�l�a�c�e�.

ðØ �E�n�v�i�r�o�n�m�e�n�t� �p�o�i�n�t�e�r�s� �m�u�s�t� �b�e� �e�s�t�a�b�l�i�s�h�e�d� �t�o� �e�n�a�b�l�e� �t�h�e� �c�a�l�l�e�d� �p�r�o�c�e�d�u�r�e� �t�o� �a�c�c�e�s�s� �d�a�t�a� �i�n
�e�n�c�l�o�s�i�n�g� �b�l�o�c�k�s�.

ðØ �T�h�e� �s�t�a�t�e� �o�f� �t�h�e� �c�a�l�l�i�n�g� �p�r�o�c�e�d�u�r�e� �m�u�s�t� �b�e� �s�a�v�e�d� �s�o� �i�t� �c�a�n� �r�e�s�u�m�e� �e�x�e�c�u�t�i�o�n� �a�f�t�e�r� �t�h�e� �c�a�l�l�.

ðØ �A�l�s�o� �s�a�v�e�d� �i�n� �a� �k�n�o�w�n� �p�l�a�c�e� �i�s� �t�h�e� �r�e�t�u�r�n� �a�d�d�r�e�s�s�,� �t�h�e� �l�o�c�a�t�i�o�n �t�o� �w�h�i�c�h� �t�h�e� �c�a�l�l�e�d
�r�o�u�t�i�n�e� �m�u�s�t� �t�r�a�n�s�f�e�r� �a�f�t�e�r� �i�t� �i�s� �f�i�n�i�s�h�e�d�.

ðØ �F�i�n�a�l�l�y� �a� �j�u�m�p� �t�o� �t�h�e� �b�e�g�i�n�n�i�n�g� �o�f� �t�h�e� �c�o�d�e� �f�o�r� �t�h�e� �c�a�l�l�e�d� �p�r�o�c�e�d�u�r�e� �m�u�s�t� �b�e� �g�e�n�e�r�a�t�e�d�.

�F�o�r� �e�x�a�m�p�l�e�,� �c�o�n�s�i�d�e�r� �t�h�e� �f�o�l�l�o�w�i�n�g� �s�y�n�t�a�x�-�d�i�r�e�c�t�e�d� �t�r�a�n�s�l�a�t�i�o�n

�(�1�)�Sðà �c�a�l�l� �i�d�(�E�l�i�s�t�)
�{ �f�o�r�e�a�c�h� �i�t�e�m�p�o�n�q�u�e�u�e�d�o

�e�m�i�t�( ��p�a�r�a�m �� �p�)�;



�e�m�i�t�( ��c�a�l�l ��i�d�.�p�l�a�c�e�) �}
�(�2�)�E�l�i�s�tðà �E�l�i�s�t� �,� �E

�{� � � �a�p�p�e�n�d�E�.�p�l�a�c�e�t�o� �t�h�e� �e�n�d� �o�f�q�u�e�u�e�}

�(�3�)�E�l�i�s�tðà �E
�{� � � �i�n�i�t�i�a�l�i�z�e�q�u�e�u�e�t�o� �c�o�n�t�a�i�n� �o�n�l�y�E�.�p�l�a�c�e�}

ðØ �H�e�r�e�,� �t�h�e� �c�o�d�e� �f�o�r� �S� �i�s� �t�h�e� �c�o�d�e� �f�o�r�E�l�i�s�t�,� �w�h�i�c�h� �e�v�a�l�u�a�t�e�s� �t�h�e� �a�r�g�u�m�e�n�t�s�,� �f�o�l�l�o�w�e�d� �b�y� �a
�p�a�r�a�m�p�s�t�a�t�e�m�e�n�t� �f�o�r� �e�a�c�h� �a�r�g�u�m�e�n�t�,� �f�o�l�l�o�w�e�d� �b�y� �a�c�a�l�l�s�t�a�t�e�m�e�n�t�.

ðØ �q�u�e�u�e�i�s� �e�m�p�t�i�e�d� �a�n�d� �t�h�e�n� �g�e�t�s� �a� �s�i�n�g�l�e� �p�o�i�n�t�e�r� �t�o �t�h�e� �s�y�m�b�o�l� �t�a�b�l�e� �l�o�c�a�t�i�o�n� �f�o�r� �t�h�e� �n�a�m�e
�t�h�a�t� �d�e�n�o�t�e�s� �t�h�e� �v�a�l�u�e� �o�f� �E�.
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Inheritance in Java

Inheritance in Java is a mechanism in which one object acquires all the
properties and behaviours of a parent object. It is an important part
of OOPs(Object Oriented programming system).

The idea behind inheritance in Javais that you can createnew 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 addnew 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

�‡Class:A classis a group of objects which have common properties.It is a template
or blueprint from which objects are created.

�‡Sub Class/Child Class: Subclassis a class which inherits the other class.It is also
called a derived class, extended class,or child class.

�‡Super Class/Parent Class: Superclassis the class from where a subclass inherits
the features.It is also called a base classor a parent class.

�‡Reusability: As the name specifies, reusabilityis a mechanism which facilitates
you to reuse the fields and methods of the existing class when you create a new
class. You can use the same fieldsand methods already defined in the previous
class.
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The syntax of Java Inheritance

1.class Subclass-nameextends Superclass-name
2.{
3. //methods and fields
4.}

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

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

As displayed in the above figure, Programmeris the subclassand Employee is 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.println("Programmer salary is:"+p.salary);

9. System.out.println("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,it is known as a single inheritance. In the
example given below, Dog class inherits the Animal class, so thereis the single
inheritance.

1.class Animal{

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

3.}

4.class Dog extends Animal{

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

6.}

7.class TestInheritance{

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

9.Dog d=new Dog();

10.d.bark();

11.d.eat();

12.}}

Output:

barking...
eating...
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Multilevel Inheritance Example

When there is a chainof inheritance, it is known asmultilevel inheritance. As you can see
in the example given below, BabyDog class inherits theDogclass which again inherits the
Animal class,so there is a multilevel inheritance.

Output:

weeping...
barking...
eating...

1.class Animal{
2.void eat(){System.out.println("eating...");}
3.}
4.class Dog extends Animal{
5.void bark(){System.out.println("barking...");}
6.}
7.class BabyDog extends Dog{
8.void weep(){System.out.println("weeping...");}
9.}
10.class TestInheritance2{
11.public static void main(String args[]){
12.BabyDog d=new BabyDog();
13.d.weep();
14.d.bark();
15.d.eat();
16.}}
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Hierarchical Inheritance Example

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

1.class Animal{
2.void eat(){System.out.println("eating...");}
3.}
4.class Dog extends Animal{
5.void bark(){System.out.println("barking...");}
6.}
7.class Cat extends Animal{
8.void meow(){System.out.println("meowing...");}
9.}
10.class TestInheritance3{
11.public static void main(String args[]){
12.Cat c=new Cat();
13.c.meow();
14.c.eat();
15.//c.bark();//C.T.Error
16.}}

Output:

meowing...
eating...
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Q) Why multiple inheritance is not supported in java?

To reduce 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 classes.If A and
B classes have the same method and you callit 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 error if you
inherit 2 classes.Sowhether you have same methodor different, there will be compile time error.

1.class A{
2.void msg(){System.out.println("Hello");}
3.}
4.class B{
5.void msg(){System.out.println("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.}
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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 class is created
implicitly which is referred by super reference variable.

Usageof Java super Keyword

1.super canbe usedto refer immediate parent class instance variable.
2.super canbe usedto invoke immediate parent class method.
3.super() can be usedto invoke immediate parent class constructor.
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1.class Animal{
2.String color="white";
3.}
4.class Dog extends Animal{
5.String color="black";
6.void printColor(){
7.System.out.println(color);//prints color of Dog class
8.System.out.println(super .color);//prints color of Animal cl
ass
9.}
10.}
11.class TestSuper1{
12.public static void main(String args[]){
13.Dog d=new Dog();
14.d.printColor();
15.}}

1) super is 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.

In the above example, Animal
and Dog both classes have a
common property color. If we
print color property, it will print
the color of current class by
default. To access the parent
property, we need to use super
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 methodas parent class.In other words, it is used if method is
overridden.

1.class Animal{
2.void eat(){System.out.println("eating...");}
3.}
4.class Dog extends Animal{
5.void eat(){System.out.println("eating bread...");}
6.void bark(){System.out.println("barking...");}
7.void work(){
8.super .eat();
9.bark();
10.}
11.}
12.class TestSuper2{
13.public static void main(String args[]){
14.Dog d=new Dog();
15.d.work();
16.}}

In the above example Animal and Dog
both classes have eat() methodif we call
eat() method from Dog class,it will call
the eat() method of Dog classby default
because priority is given to local.
To call the parent class method,we need
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.println("animal is created");}
3.}
4.class Dog extends Animal{
5.Dog(){
6.super ();
7.System.out.println("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.println("animal is created");}
3.}
4.class Dog extends Animal{
5.Dog(){
6.System.out.println("dog is created");
7.}
8.}
9.class TestSuper4{
10.public static void main(String args[]){
11.Dog d=new Dog();
12.}}
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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,
emailId etc. It contains one more object named address, which contains its own
information such ascity, state, country, zipcode etc.asgiven below.

1.class Employee{
2.int id;
3.String name;
4.Address address;//Address is a class
5....
6.}

In such case, Employee hasan entity reference address,so relationship is Employee
HAS-A address.
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Why use Aggregation?
For Code Reusability.

Simple Example of Aggregation

In this example, we have created the reference of 
Operation class in the Circle class.

1.class Operation{
2. int square(int n){
3. return n*n;
4. }
5.}
6.class Circle{
7. Operation op;//aggregation
8. double pi=3.14;
9.
10. double area(int radius){
11. op=new Operation();
12. int rsquare=op.square(radius);//code reusabil
ity (i.e. delegates the method call).
13. return pi*rsquare;
14. }
15.
16. public static void main(String args[]){
17. Circle c=new Circle();
18. double result=c.area(5);
19. System.out.println(result);
20. }
21.}
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When use Aggregation?

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

Inheritance should be usedonly if the relationship is-a is maintained throughout
the lifetime of the objects involved; otherwise, aggregationis the best choice.

Understanding meaningful example of Aggregation

In this example, Employee hasan object of Address, address object containsits own
information such as city, state, country etc.In such case relationshipis Employee
HAS-A address.



16-06-2021 Compiled By Prof. Mithun Roy, Department of CSE, SIT 19



��������� ��	
���
���
������
����	�
����
��

��
��
� 
������������
������
��

�

���� �	��
!"!	�"����#�$�$	�	%����
&�������	�'(�� ��	
�������	
�����"�
�� ���

)*+,-./+)012)34567+)38./,+)398/-+:-);<-9:)=
>+77?<5=@8/A)B768/4-9?
CDEFGH EIE JKLMNOKEPQMKR EIEJKLMNOKEST

UDVERQWXKREMYKEZOQ[WK\EQ]E]̂_̂̀_aEbE\̂_̂\N\EMQMbWEc K̂aYMERN[RKMEQ]EK̀aKREMYbMERZb_REbWWEMYKEXKOM̂LKRd
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VYKE]̂_bWERQWNM̂Q_EĉWWERbM̂R]gELKOMb̂_ELbXKbMR…

VYKEaObZYELb__QMELQ_Mb̂_Eb_gEmkvi|u‘kx•kuv{|xz’zwkh ElQMYKOĉRKEMYKOKEcQNẀE[KE_Q
\̂_̂\N\EZbMYER̂_LKEcKELQNẀER̂\ZWgELQ_M̂_NKEMQE]QWW QcEMYKE_KabM̂XKEcK̂aYMELgLWK
ZOQ̀NL̂_aEbEZbMYEcK̂aYMEQ]E€“qd
VYKERQWNM̂Q_ELb__QMEYbXKEb_gE}yhu|u‘kx•kuv{|xz’zwkh ElR̂_LKEMYKELgLWKELQNẀER̂\ZWgE[K
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789:;@?AD<@=;:AD<?<_9:D89:C@=C9ED:@S:R̀àbc̀defeghi j:O8<C8:<;:F:D9;D:D@:P9D9BG<=9:O89D89B:>@<=>:D8B@A> 8:9P>9
Kk\WN:B9PAC9;:D89:P<;DF=C9:D@:W:F=P:<S:;@:AEPFD9:WX Q:F=P:WXRV:78<;:<;:FCC@GE?<;89P:A;<=>:D89:C@=P<D<@=

l*116m+no3,p/0123,-456

789:q̀ddrejsticRbedaichgur:A;9;:B9?FUFD<@=:D@:S<=P: ;<=>?9:;@ABC9:;8@BD9;D:EFD8;:@=:P<B9CD9P:>BFE8;:D8F D
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K;AC8:D8FD:D89B9:<;:=@:;@?AD<@=NV

z{||}~•€•‚ƒ„…†‡̂‡‰Š‹

Œ•‹‹Ž•Ž•Ž~|Ž•{€‘Ž•†|{€‘‚’ƒ“{…†‡‰Š‹

”•‹‹•–—‹̃‹™‹Œ‹š–‹›†•œ›€Œ‹

••‹‹‹‹‹•–—‹žŸ ¡‹ž¢£ž‹…¤‡¥Š‹]‹†•{‹

¦•‹‹‹‹‹‹‹‹ƒ{|~§…¤‡¥‡̂Š‹

•̈‹‹•–—‹žŸ ¡‹ž¢£ž‹…¤‡¥Š‹]‹†•{‹

©•‹‹‹‹‹̃•‹¥•¢‹ª‹¤•¢‹«‹̂…¤‡¥Š‹

¬•‹‹‹‹‹‹‹‹—žš¤—­‹•~|‘{‹

®•‹‹—žš¤—­‹•ƒ’{‹

‹

Ž•Ž•Ž~|Ž•{€‘Ž•†|{€‘‚’ƒ“{…†‡‰Š‹

Œ•‹‹•–—‹žŸ ¡‹¥ž—šž̄‹¥‹]‹†•œ‹

”•‹‹‹‹‹¥•¢‹™‹°‹

••‹‹‹‹‹¥•±̃‹™‹•Ž|‹

¦•‹‹‰•¢‹™‹²‹

‹

ƒ{|~§…¤‡¥‡̂Š‹

Œ•‹‹̃•‹¥•¢‹ª‹¤•¢‹«‹̂…¤‡¥Š‹

”•‹‹‹‹‹¥•¢‹™‹¤•¢‹«‹̂…¤‡¥Š‹

••‹‹‹‹‹¥•±̃‹™‹¤‹

HF;<CF??v:D89:F?>@B<D8G:O@B³;:F;:S@??@O;´

LV:µ=<D<F?<_9:R¶;\:Q¶;\:F=P:;9D:[XR:Y:·::̧¹K̂N
ºV:»@@E:¼̂¼½L:D<G9;:D8B@A>8:F??:9P>9;:C89C³<=>:D89: B9?FUFD<@=:C@=P<D<@=:D@:C@GEAD9

G<=<GAG:P<;DF=C9;::̧K¼̂¼½LN:¹K¾N:Y:¹K̂¾N
¿V:»@@E:D8B@A>8:F??:9P>9;:C89C³<=>:S@B:=9>FD<T9:O9< >8D:CvC?9;:O8<C8:@CCAB;:<S:F=v:@S:D89

B9?FUFD<@=:C@=P<D<@=;:SF<?::̧¹K¾N



��������� ��	
���
���
������
����	�
����
��

��
��
� 
������������
������
��

�

���� �	��
!"!	�"����#�$�$	�	%����
&�������	�'(�� ��	
�������	
�����"�
�� '��

)*+,-./,012+,34,0*+,5+6627/893-:,76;3-10*2,1<,=>?,@ ,?A,@,AB,C,=>?ABD

E30+,0*70,14,0*+,;-7F*,1<,7,GHI,>7/:,0*.<,1<,J/3K/, 03,/30,*7L+,7/M,NMN6+<BO,K+,N7/,27J+,5+6627/893-:
23-+,+441N1+/0,PM,41-<0,QRSRTRUVWXTTYZ[R\QV]U,,̂>=> ?@ABBO,F+-43-21/;,0*+,<72+,1/101761_7013/,>=>?BBO,7 /:
0*+/,<12F6M,633F1/;,0*-3.;*,+7N*,L+-0+̀,a,V]ZQRSRTR UVWXTZR\bc\,-+67̀1/;,3/6M,0*+,+:;+<,1/,H:deaf,>=>AB BD
)*1<,2+0*3:,3/6M,07J+<,=>?,@,AB,012+D,)*1<,F-3N+:.- +,>K10*,7,4+K,<61;*0,23:141N7013/<B,1<,.<+4.6,43-
41/:1/;,W\VQVWXTZSXQg[,43-,hij),N*7-0<D

klmnopq

I1L+/,0*+,43663K1/;,:1-+N0+:,;-7F*

r<1/;,L+-0+̀,s,7<,0*+,<3.-N+,><+001/;,10<,:1<07/N+, 03,tBO,K+,1/101761_+,766,0*+,30*+-,:1<07/N+<,03,uD

vQc\XQVR]Zwx,i:;+<,>a sOa yB,7/:,>a sOa zB,-+67̀,.F:701/;,0*+,:1<07/N+<,03,y,7/:,z

vQc\XQVR]Z{x,i:;+<,>a yOa | BO,>a zOa yB,7/:,>a zOa } B,-+67̀,.F:701/;,0*+,:1<07/N+<,03,|O,yO,7/:,z,-+<F+ N01L+6MD,E30+

+:;+,>a zOa yB,41/:<,7,<*3-0+-,F70*,03,L+-0+̀,y,PM,;31/;,0*-3.;* ,L+-0+̀,z



��������� ��	
���
���
������
����	�
����
��

��
��
� 
������������
������
��

�

���� �	��
!"!	�"����#�$�$	�	%����
&�������	�'(�� ��	
�������	
�����"�
�� )��

*+,-.+/01234567895:; <=; >?5@9ABC9D5:DEFG95B5DHI@J9@5KBJH5JI5L9@J9C5<5MBD5NIO F75EF5JH95K@9LEIOD5EJ9@BJEIF?

OK7BJEF85JH957EDJBFG95JI5>

*+,-.+/012P45QI59789D5@9ABC

RH95NEFBA5DHI@J9DJ5KBJHD5N@IS5L9@J9C5T5MEJH5GI@@9DK IF7EF857EDJBFG9D5ED



��������� ��	
���
���
������
����	�
����
��

��
��
� 
������������
������
��

�

���� �	��
!"!	�"����#�$�$	�	%����
&�������	�'(�� ��	
�������	
�����"�
�� ���

)*+,-./*01213*014*156789:8;<=8>?:>@8A?:8B:CDEDAF<;8 ><;GFAF<;8<;:8DGGFAF<;DC8AFH:8I<B8:D>?8:GJ:K8LI8D;M 8<I
A?:8>?:>@N8ODNN8A?:;8A?:B:8:EFNAN8D8;:JDAFP:8=:FJ?A 8>M>C:8F;8A?:8JBDO?K

/ QRS8T8U VRS8W8XYVZQ[8\8]8T̂8_8W8_8̀8Va8b

/ ] RS8T8U VRS8W8XYVZ][8\8a8T̂8_8W8Q8̀8c8b

/ VRS8T8U aRS8W8XYaZV[8\8_8T̂8Q8W8Q8̀8_8b

/ ] RS8T8U QRS8W8XYQZ][8\8a8T̂8Q8W8a8̀8d8b

/ aRS8T8U ] RS8W8XY]Za[8\8Q8T̂8a8W8V8̀8Q8b

/ QRS8T8U ] RS8W8XY]ZQ[8\8Q8T̂8a8W8V8̀8Q8b

/ aRS8T8U dRS8W8XYdZa[8\8Q8T̂8e8W8]8̀8]8b

/ ] RS8T8U dRS8W8XYdZ][8\8a8T̂8e8W8a8̀8a8b

f<A:8A?DA8I<B8A?:8:GJ:N8gh0-4*064gi-*6-0j,-468A?:8B :CDEDAF<;8>BFA:BFD8JFP:N8:klDCFAF:NK

mGGFAF<;DCCMZ8A?:8ODA?8A<8D;M8B:D>?DnC:8P:BA:E8>D;8 n:8I<l;G8nM8NADBAF;J8DA8A?:8P:BA:E8D;G8I<CC<=F;J8A? :8opN
nD>@8A<8A?:8N<lB>:K8q<B8:EDHOC:Z8NADBAF;J8DA8P:BA:E 8VZ8U VKo8̀8aZ8U aKo8̀8]Z8U ] Ko8̀8d8\8A?:8N?<BA:NA8ODA?8A<

P:BA:E8V8FN8rdZ]ZaZVsK

8



Topic: Finite Automata [FA]
[DFA to RE (���”�†�‡�•�ï�•�����Š�‡�‘�”�‡�•)]

Lecture �� XII
Prof. Mithun Roy

Formal Language & Automata Theory
PCC-CS 403

5/31/2021 Compiled by Prof. Mithun Roy, Department of CSE, SIT, Siliguri 1

DFANFANFA-�t
MIN
DFA

L-XII

RE



5/31/2021 Compiled by Mithun Roy, Department of CSE, SIT, Siliguri 2

Statement �«
Let P and Q be two regular expressions.
If P doesnot contain null string, then R = Q +RPhas 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+ QP2 + QP3�å..

R = Q (�B+ P + P2 + P3 + �å. )

R =QP*[As P* represents (�B+ P + P2 + P3 +�å.) ]

Hence, proved.

���”�†�‡�•�ï�•�����Š�‡�‘�”�‡�•
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Assumptions for Applying ���”�†�‡�•�ï�•Theorem

�‡The transition diagram must not have NULL transitions

�‡It 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 1.

q1 = q1R11 + q2R21 + �å + qnRn1 + �B

q2 = q1R12 + q2R22 + �å + qnRn2

�å�å�å�å�å�å�å�å�å�å
�å�å�å�å�å�å�å�å�å�å
�å�å�å�å�å�å�å�å�å�å
�å�å�å�å�å�å�å�å�å�å

qn = q1R1n + q2R2n + �å + qnRnn

Rij represents the setof labelsof edges fromqi to qj, if no such edge exists, thenRij = �Î

Step 2 �«Solve these equationsto get the equation for the final state in terms of Rij



5/31/2021 Compiled by Mithun Roy, Department of CSE, SIT, Siliguri 4

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

Here the initial state and final state is q0.
The equations for thetow states q0 and q1 areasfollows �«

�“�4 
L �“�4�„
E �Ð(i)
�“�5 
L �“�4�ƒ 
E �“�5�:�ƒ 
E �„�;�� (ii)

From equation (i) R = �“�4�á �� 
L �Ð�á �� 
L �„ �œ �“�4 
L �Ð 
E�“�4�„ �œ �“�4 
L �Ð �„�Û
L �„�Û

�	�”�‘�• �‹�‹�á �“�5 
L �„�Û�ƒ 
E �“�5 �ƒ 
E �„ �œ �“�5 
L �„�Û�ƒ�ƒ 
E �„�Û

So, The RE is �
 �Û�	 �	 
E �
 �Û
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Example - II
Construct a regular expression correspondingto the automata given below�«

Here the initial state and final state is q1.
The equations for the three states q1, q2, and q3 areas
follows �«

q1 = q1a + q3a +�B
(�Bmove is because q1is the initial state)
q2 = q1b + q2b + q3b
q3 = q2a

�“�6 
L �“�5�„ 
E �“�6�„ 
E �“�6�ƒ�„

L �“�5�„ 
E �“�6 �„ 
E�ƒ�„
�� 
L �“�6�á �� 
L �“�5�„ �á �� 
L�„ 
E�ƒ�„
���•�‹�•�‰���–�Š�‡�����”�†�‡�•�ï�•��
�“�6 
L �“�5�„ �„ 
E�ƒ�„�Û

�“�7 
L �“�6�ƒ 
L �“�5�„ �„ 
E�ƒ�„ �Û�ƒ

Finally, 
�“�5 
L �“�5�ƒ 
E �“�5�„ �„ 
E�ƒ�„ �Û�ƒ�ƒ
E �Ð
�“�5 
L �Ð 
E�“�5 �ƒ 
E �„�„ 
E�ƒ�„ �Û�ƒ�ƒ

���•�‹�•�‰���–�Š�‡�����”�†�‡�•�ï�•��
�“�5 
L �ƒ 
E �„�„ 
E�ƒ�„ �Û�ƒ�ƒ�Û

So, R = �ƒ 
E �„�„ 
E�ƒ�„ �Û�ƒ�ƒ�Û
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Example - III
Construct a regular expression correspondingto the automata given below�«

�“�5 
L �Ð 
E�“�5�r 
F �‹

�“�6 
L �“�5�s 
E �“�6�r 
F �‹�‹

�“�7 
L �“�6�r 
E �“�7 �r 
E �s 
F �‹�‹�‹

From (i), �“�5 
L �r�Û�á���•�‹�•�‰ ���”�†�‡�•�ñ�•

So, �“�6 
L �r�Û�s 
E �“�6�r 
L �r�Û�s�r�Û
�� 
L 
Ù�Û
Ú
Ù�Û

Here the initial state and final state is q1.
The equations for the three states q1, q2, and q3 areas
follows �«
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Example - IV
Construct a regular expression correspondingto the automata given below�«

From (i) �“�5 
L �r�Û

So,�“�6 
L �r�Û�s 
E �“�6�s 
L �r�Û�s�s�Û

Here,�“�6 is not dependson �“�7

So,R =�r�Û�s �s�Û

Here the initial stateand final state is q1.
The equations for the three states q1, q2,and
q3 are asfollows �«

�“�5 
L �Ð 
E�“�5�r 
F �‹

�“�6 
L �“�5�s 
E �“�6�s 
F �‹�‹

�“�7 
L �“�6�r 
E �“�7 �r 
E �s 
F �‹�‹�‹
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Example - V
Construct a regular expression correspondingto the automata given below�«

�� 
L ���„ 
E���ƒ
E �Ð 
F�‹
�� 
L ���ƒ
E���„ 
E���„ 
F �‹�‹
�� 
L ���ƒ
F �‹�‹�‹

�	�”�‘�• �‹ �á �� 
L���„�ƒ�Û

�	�”�‘�• �‹�‹�á�™�‡�’�—�– �� 
L���„�ƒ�Û�á���‘�á�™�‡�‰�‡�–�á ��

L ���„ 
E���„�ƒ�Û�ƒ 
E���„ �œ���„ 
E �� �„�ƒ�Û�ƒ 
E �„
���‘�á �� 
L���„ �„�ƒ�Û�ƒ 
E �„�Û

�	�”�‘�• �‹�‹�‹ �á�™�‡�’�—�–�á �� 
L���„ �„�ƒ�Û�ƒ 
E �„ �á
���‘ �™�‡�‰�‡�–�á �� 
L�Ð 
E���„ �„�ƒ�Û�ƒ 
E �„ �ƒ

�	�‹�•�ƒ�Ž�Ž�›�á �� 
L�„ �„�ƒ�Û�ƒ 
E �„ �ƒ�Û

Regular Expression 
R = �
 �
�	 �Û�	 
E �
 �	 �Û
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Example - VI
Construct a regular expression correspondingto the automata given below�«

�“�4 
L �Ð 
E�“�4�„ 
F �‹
�“�5 
L �“�4�ƒ 
E �“�5�„ 
E �“�6�ƒ 
F �‹�‹
�“�6 
L �“�5�ƒ 
F �‹�‹�‹

From (i) �“�4
L �„�Û�á���•�‹�•�‰ ���”�†�‡�•�ñ�•
From (ii) �“�5 
L �„�Û�ƒ 
E �“�5�„ 
E �“�5�ƒ�ƒ
L �„�Û�ƒ 
E �“�5 �„ 
E�ƒ�ƒ
L �„�Û�ƒ�„ 
E�ƒ�ƒ�Û

From (iii) �“�6 
L �„�Û�ƒ �„ 
E�ƒ�ƒ�Û�ƒ

Finally,

�“�5 
E �“�6 
L �„�Û�ƒ �„ 
E�ƒ�ƒ�Û
E �„�Û�ƒ �„ 
E�ƒ�ƒ�Û�ƒ


L �„�Û�ƒ�„ 
E�ƒ�ƒ�Û �Ð 
E�ƒ 
L �„�Û�ƒ �„ 
E�ƒ�ƒ�Û�ƒ

So, The Regular Expression is

r = �„�Û�ƒ �„ 
E�ƒ�ƒ�Û�ƒ
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Homework �� X
Draw a FA from the RE = ab*(a + ba*)* a

ab* (a+ba*)* a

a a

b

(a+ba*)

a a

a,b

b

a

�Ð
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Homework �� XI

Construct a regular expression correspondingto the automata given below�«



Binary Search Tree

Paper Name: Data Structure and Algorithm
Paper Code: CS302

Department of Information Technology
Siliguri Institute of Technology

September 4, 2019



Outlines

I De�nition
I Representation
I Operation
I Complexity
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 :

30

20

10

05

25

23 27

40

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, searching, Insert
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.

30

20

10

05

25

23 27

40

Figure: Example of Binary Search Tree.

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

I Pre Order Traversal:The traversing sequence is



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.

30

20

10

05

25

23 27

40

30

20

10

05

25

23 27

40

Figure: SearchNode25and21



Algorithm for Searching

Algorithm 1 Recursive Search algorithm
INPUT: Binary search Tree (T ) and current node i.e present node
PN under scanning . Searched item/key isK
OUTPUT: KEY ELEMENT FOUND if the function return 1 i.eK
in T other wise KEY ELEMENT NOT FOUND the function return
0.

Recursive Searching(TNode � PN,K )
if PN == NULL then

Return 0
else if K == PN ! Data then

Return 1
else if K � PN ! Data then

Return Recursive Searching(PN ! Lchild; K )
else

Return Recursive Searching(PN ! Rchild; K )
end if



Insert a node in a BST

Insert 30�!
30

Insert 20�!

30

20 Insert 40�!

30

20 40 Insert 25�!

30

20

25

40

Insert 10�!

30

20

10 25

40



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
iii)Deleted node have two child

I No child:

30

20

10

05

25

23 27

40

Delete 05�!

30

20

10 25

23 27

40



Delete One child

30

20

10

05

25

23 27

40

Delete 10�!

30

20

05 25

23 27

40

Figure: Detete 10 from Binary Search Tree.



Delete Two child

30

20

10

05

25

23 27

40

Delete 20�!

30

23

10

05

25

27

40

Figure: Detete 20 from Binary Search Tree.



Complexity of BST

Table: Complexity of BST operations

Operations Best Case Average
Case

Worst Case

Traversal O(N) O(N) O(N)
Searching O(1) O(log N) O(N)
Insert O(1) O(log N) O(N)
Delete O(1) O(log N) O(N)



Applications of BST

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



Thank You










