
PProblem:
< SORT :  Given a finit e n-tup le of integers, sort  t hat tup le

int o increas in g order

P Algorithm :
< 1.  Scan the t up le left-to-right  for an adjacent pair of

elements that are out  of order
< 2.  If y ou find such a p air, swap  t hem and go back to st ep  1
< 3.  Your t up le is now sort ed

P Analys is:
< It is not clear that this algorithm ever t erminates
< But we can prove (sep arat ely) t hat  it does

– in at most n (n – 1)/2 swaps

An Actual Algorithm
Pseudocode for SORT

//Let a1, a2, ..., an be the n-tuple to sort

found = true
while (found == true ){

found = false
for i = 1 to  n – 1

if  ai > ai+1 then {
sw ap ai and ai+1
found = true
break  ( out of for loop)

}
}
//The n-tuple is now sorted

PProblem:
< MAX :  Given a finit e sequence a1,  a2,  ... , an  of real

numbers, find the maximu m element of that sequence

P Algorithm :
< 1.  Let max = a1

< 2.  Let i = 2
< 3.  If ai > max,  t hen let max = ai
< 4.  Incre ment i
< 5.  If i # n,  t hen go to step  3
< 6.  max is t he maximum element  of t he sequence

Another Algo rithm Pseudocode for MAX

//Given a sequenc e a1, a2, ..., an of real numbers

max = a1;
for i = 2 to  n

if  ai > max then max = ai;

//max is now the larges t e lement



PProblem:
< SEARCH:  Given a sort ed list of elements, determine if

some given element s is in the list

P Algorithm :  ( Binary Search)
< 1.  Let L be the ori ginal list
< 2.  If L has 1 or 2 ele ments, just check t hem dire ct ly. 

Otherwise, check t he middle element of the list  L
< 3.  If t his  element is s,  t hen we are done
< 4.  Otherwise, co mp are t his  element  with s.   If s is lar ger,

then let L be the portion of t he list t o the ri ght of the
middle elem ent , otherwise let L be the portion of t he list
to t he left of the middle element

< 5.  Go t o step  2

Another Algo rithm
Pseudocode for Binary Search

//Let L be a sorted list of n elements, search for s

start  = 1; end =n;
while  ( start  < end){

middle = ( start  + end) / 2;
if s > amidd le  then start  = middle + 1;
else  end = middle – 1;

}
if(s == astart) location = start;
else  location = 0;

//location contains the subscr ipt, or 0 if s is not present

P “Comp lexity” r efers to the amount of time
required to carry out an a lgor ithm
< (T here are ot her types of co mp lexity, for e xamp le,

referrin g to t he amount of sp ace ( memory ) needed, but
we won’t  consider those in this course)

PTo c ompute the “time” of an algorithm, w e
assume that c ertain bas ic steps take un it time, and
then c ompute the total runn ing time by
cons ider ing how many of our unit-time st eps
need to be done.

P As you’ll see, w e w ill often be very rough in our
computations.

Complexity of Algorithms
Complexity of So rt

found  = true
while ( found  == true){

found  = false
for i = 1 to n – 1

if ai > ai+1 then  {
swap ai and ai+1
found  = true
break ( out of for loop)

}
}

1.  Scan the t up le left -t o-ri ght
for an adjacent pair of
el ements that are out of order

2.  If y ou find such a p air,
swap them and go back to
step  1

3.  Your t up le is now sort ed

This algorithm t erminat es  aft er at  most n(n – 1)/2 swaps 

Which des cript ion of t he al gorithm is easier t o analyz e?



Complexity of So rt

found = true
while (found == true ){

found = false
fo r i = 1 to  n – 1

if  ai > ai+1 then {
sw ap ai and ai+1

found = true
break  ( out of loop)

}
}

T akes a fixed amount of
ti me (does not  chan ge over
the course of the algorit h m)
so we consider that a “ unit
ti me” st ep

unit time

T his loop loops at most
n – 1 t imes

PEach run through the body of the while  loop
takes time at mos t n

PThe while  loop runs at most n(n – 1)/2  times
PFor a total runn ing time of # n × n(n – 1)/2
PWhic h w e c all O( n3)

Complexity of So rt

Complexity of Binary Search

start = 1; end = n;
while  (start < end){

middle = (start + end) / 2;
if s > amiddle then 

start = middle + 1;
else  end  = middle – 1;

}
if(s == astart) location  = start ;
else  location  = 0;

Each p ass t hrough
the body of the
while loop t akes
constant (unit) t ime

T he quest ion is :  How
many t imes will t his while
loop be e xecuted?

Constant ti me

PCalculate the numb er of t imes the wh ile loop w ill
be exec uted

PEach pass through the wh ile loop decreases the
s ize of the range by at least half

PSo the question is :
< Given an integer n,  how many  t imes does it need to be

cut in half before it reaches, or goes  below, 1?

PThat is, which of th e following will f irst be < 1?
< n/2, n/4, n/8, n/16, . ..,  n/2k,  ...

Complexity of Binary Search
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PThat is, which of the follow ing will first be < 1?
< n/2, n/4, n/8, n/16, . .. , n/2k,  ...

PWe solve the equat ion :  n/2k < 1, and get k > log 2n
PSo if we set k = j log 2nk, then we know that after

that many iterations of the while loop, w e w ill
have found our item, or conc luded that it was not
in the list

Complexity of Binary Search

POur analysis  shows t hat
binary  search can be done in
ti me p roport ional t o the log
of the nu mber of it ems  in the
list

PThis is  considered v er y fast
when comp ared t o linear or
poly nomial al gorithms

PThe t able t o the ri ght
co mp ares  t he number of
op erat ions t hat  need t o be
performed for algorit hms of
various time comple xities

Logarithmic Time Complexity is Fast


