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2. Search and Control Strategies 

 
Word  "Search"  refers to the search for a solution in a problem space. 

 
 Search proceeds with different types of "Search Control strategies." 

 A strategy is defined by picking the order in which the nodes expand. 

 
The Search strategies are evaluated in the following dimensions: 

Completeness, Time complexity, Space complexity, Optimality. 

(the search related terms are first explained, then the search algorithms and control  

strategies are illustrated). 

 
2.1  Search related terms 

 
• Algorithm’s Performance and Complexity 

Ideally we want a common measure so that we can compare approaches in  

order to select the most appropriate algorithm for a given situation. 

 
◊ Performance of an algorithm depends on internal and external factors. 

Internal factors 

 ‡Time required, to run 

External factors 

 ‡Size of input to the algorithm 

 ‡Space (memory) required to run  ‡Speed of the computer 

 ‡Quality of the compiler 

 
◊ Complexity is a measure of the performance of an algorithm. 

It measures the internal factors, usually in time than space. 



• Computational Complexity 

A measure of resources in terms of Time and Space. 

 
◊ If A is an algorithm that solves a decision problem f 

then run time of A is the number of steps taken on the input of length n. 

◊  Time Complexity   T(n) of a decision problem f is the run time of the  

'best' algorithm A for f  .  

◊ Space Complexity S(n) of a decision problem f is the amount of  memory 

used by the `best' algorithm A for f  .  



• “Big - O” notation 

The "Big-O" is theoretical measure of the execution of an algorithm,  

usually indicates the time or the memory needed, given the problem  size n, 

which is usually the number of items. 

◊ Big-O notation 

The Big-O notation is used to give an approximation to the run-time-  

efficiency of an algorithm ; the letter “O” is for order of magnitude of  

operations or space at run-time. 

 
◊ The Big-O of an Algorithm A 

 If an algorithm A requires time proportional to f(n), then the  

algorithm A is said to be of order f(n), and it is denoted as O(f(n)). 

 If  algorithm A  requires time proportional  to n2, then order of the  

algorithm is said to be O(n2). 

 If algorithm A requires time proportional to n, then order of the  

algorithm is said to be O(n). 

 
The function f(n) is called the algorithm’s growth-rate function. 

If an algorithm has performance complexity O(n), this means that the  

run-time t should be directly proportional to n, ie t  n or t = k n  where 

k is constant of proportionality. 

Similarly, for algorithms having performance complexity O(log2(n)),  

O(log N), O(N log N) , O(2N) and so on. 

 
  



◊ Example 1 :  

 
1 -D array, determine the Big-O of an algorithm  ;  

Calculate the sum of the n elements in an integer array a[0 . . . . n-1]. 

Line no 

line 1 

Instructions 

sum = 0 

No of execution steps 

1 

line 2 for (i = 0; i < n; i)++ n  + 1 

line 3 sum += a[i] n 

line 4 print sum 1 

Total 2n + 3 

For the polynomial (2*n + 3) the Big-O is dominated by the 1st term  as 

n while the number of elements in the array becomes very large.   Also 

in determining the Big-O 

 
 ‡Ignoring constants such as 2 and 3, the algorithm is of the order n. 

 
 ‡So the Big-O of the algorithm is O(n). 

 ‡In other words the run-time of this algorithm increases roughly as  

the size of the input data n , say an array of size n. 



◊ Example 2  :  

  



◊ Example  3  :  

 
Polynomial in n with degree k 

‡ Let the number of steps needed to carry out an algorithm is  

expressed as 

f(n)   = ak n
k + ak-1 n

k-1 + ... + a1 n
1 + a0 

Then f(n) is a polynomial in n with degree k and f(n)  O(nk). 

‡ To obtain the order of a polynomial function, use the term which is  

of highest degree and disregard the constants and the terms  which 

are of lower degrees. 

The Big-O of the algorithm is O(nk). 

 
In other words, run-time of this algorithm increases exponentially. 



Number of Inputs n 

Fig. Growth rates variation with number of inputs and time 

 

If n is sufficiently large 

then logn < n < nlogn < n2 < n3 < 2n. 

So is the Big-O are 

O(logn) < O(n ) < O(nlogn) < O(n2) < O(n3) < O(2n) 

Here logn is interpreted as base-2 logarithm. The base of logarithm  does 

not matter because in determining the Big-O of an algorithm  constants 

are ignored as mentioned. 

Note : log2n = log10n / log102 , where log102 = 0.3010299957.  

◊ Growth Rates Variation 

 
The Growth rates vary with number of inputs and time. 

 

O(n2) 

Time 

O(n log n) 

 
For a short time (n2) is  
better than (n log n) 



  

◊ Example of Growth Rates Variation 

Problem : If an algorithm requires 1 second run time for a problem of  

size 8 , then find run time for that algorithm for the problem of size 16 ?  

Solutions: If the order of the algorithm is O(f(n)) then the calculated  

execution time T(n) of the algorithm as problem size increases are  as 

below. 

Order of the  

algorithm O(f(n)) 
Run time T(n) required 

as the problem size increases 

O(1) 
constant time 

 T(n) = 1 second  ;  

run time is independent of the size of the  

problem. 

O(log2n)  
logarithmic time 

 T(n) = (1*log216) / log28 = 4/3 seconds  ;  

run time increases slowly with the size of the  

problem. 

O(n) 
linear time 

 T(n) = (1*16) / 8 = 2 seconds 

run time increases directly with the size of the  

problem. 

O(n*log2n)  
log-linear time 

 T(n) = (1*16*log216) / 8*log28 = 8/3 seconds 

run time increases more rapidly than the linear  

algorithm with the size of the problem. 

O(n2) 
quadratic time 

 T(n) = (1*162) / 82 = 4 seconds 

the run time increases rapidly with the size of  

the problem. 

O(n3) 
cubic time 

 T(n) = (1*163) / 83 = 8 seconds 

the run time increases more rapidly than  

quadratic algorithm with the size of the problem. 

O(2n) 
exponential time 

 T(n) = (1*216) / 28 = 28 seconds = 256 seconds 

the run time increases too rapidly to be practical. 



• Tree Structure 

Tree is a way of organizing objects, related in a hierarchical fashion. 
 

Tree is a type of data structure where 

 each element is attached to one or more elements directly beneath it. 

 the connections between elements are called branches. 

 tree is often called inverted trees because its root is at the top. 

 the elements that have no elements below them are called leaves. 

 a binary tree is a special type, each element has two branches below it. 

◊ Example 
 

Tree depth 

Fig. A simple example unordered tree 

 

◊ Properties 

‡ 

‡ 

Tree is a special case of a graph. 

The topmost node in a tree is called the root node; at root node all  

operations on the tree begin. 

A node has at most one parent. The topmost node called root node  

has no parents. 

Each node has either zero or more child nodes below it  .  

‡ 

‡ 

‡ The Nodes at the bottom most level of the tree are called leaf  

nodes. The leaf nodes do not have children. 

A node that has a child is called the child's parent node. 

The depth of a node n is the length of the path from the root to the  

node; The root node is at depth zero. 

‡ 

‡ 

Goal Node   

B 

D 

A 

C 

F H G 

Root 

Parent 

Child 

E 

Leaves 

2 

0 

1 



• Stacks and Queues 

The Stacks and Queues are data structures  .  

It maintains the order last-in first-out and first-in first-out respectively.  Both 

stacks and queues are often implemented as linked lists, but that is  not 

the only possible implementation. 

 
◊ Stack 

 
An ordered list works as Last-In First-Out  ( ( LIFO ); 

Here the items are in a sequence and piled one on top of the other. 

‡ 

‡ 

The insertions and deletions are made at one end only, called Top.  If   

Stack   S = a[1], a[2], . . . . a[n] then a[1] is bottom most  

element 

‡ Any intermediate element 

1 < i <= n. 

In a Stack all operations 

a[i] is on top of element a[i-1] where 

‡ take place on Top. 

The Pop operation removes item from top of the stack.  

The Push operation adds an item on top of the stack. 

 
Items enter Stack at Top and leave from Top 

A 

a[i]  E  

a[i-1]     D  

   C   

B 

Top 

a[1] 

Stack 

 15   

 11   

 8    

23 
5 

   

 11   

 8    

23 

5 

 9    

 11   

 8    

23 
5 

Original  
Stack 

after  
Pop (15) 

after  
Push (9) 



◊ Queue 

11 25 9 11 19 

Rear Front 

Original Queue 

A B C D E 

An ordered list works as First-In First-Out ( FIFO ) 

Here the items are in a sequence. There are restrictions about how  

items can be added to and removed from the list. 

 
 ‡A queue has two ends. 

 ‡All insertions (enqueue ) take place at one end, called Rear or Back. 

 ‡All deletions (dequeue) take place at other end, called Front. 

 ‡If Queue has a[n] as rear element then a[i+1] is behind a[i] 

where 1 < i <= n. 

 ‡All operation take place at one end of queue or the other end.  a 

dequeue operation removes the item at Front of the queue. 

a enqueue operation adds an item to the Rear of the queue. 

 
Items enter Queue at Rear and leave from Front 

 
Front Rear 

Queue 

a[n] a[n+ 1]  

25 9 11 19 

25 9 11 19 15 

After Enqueue (15) 

After Dequeue ( 11 ) 


