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Please take your time on this exercise. Study the code as you go. Learn what
each piece does. Ask classmates, read on the Internet, or ask your instructor to
answer any questions you might have about the use of the Python language or
the logic of this program.

You will see this again. You must understand the whole program completely.

1. Create a copy of this program:

import random

# sp e c i f y the s i z e o f the l i s t s t h a t
# t h i s program w i l l c r ea t e and s o r t
LENGTH = 8

def m a k e u n s o r t e d l i s t ( s i z e ) :
# make a l i s t t h a t conta ins random in t e g e r s in the
# i n t e r v a l [10 , 99]−−−− t h e s e are 2 d i g i t numbers
# s i z e i s the number o f random numbers to put in the
# l i s t
return [ random . randint (10 , 100) for i in range ( s i z e ) ]

i f name == ” main ” :
# t e s t the make un so r t e d l i s t ( ) f unc t i on
data = m a k e u n s o r t e d l i s t ( LENGTH )
print ( data )

2. Add to the previous program to make a copy of this program:

import random

# sp e c i f y the s i z e o f the l i s t s t h a t
# t h i s program w i l l c r ea t e and s o r t
LENGTH = 8
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def m a k e u n s o r t e d l i s t ( s i z e ) :
# make a l i s t t h a t conta ins random in t e g e r s in the
# i n t e r v a l [10 , 99]−−−− t h e s e are 2 d i g i t numbers
#
# s i z e i s the number o f random numbers to put in the
# l i s t
return [ random . randint (10 , 100) for i in range ( s i z e ) ]

def pos it ion of minimum ( values , index ) :
# f ind the index ( p o s i t i o n ) o f the sma l l e s t number
# in t ha t par t o f a l i s t o f numbers t ha t b eg in s
# at a s p e c i f i e d index ( p o s i t i o n )
#
# va lue s i s a l i s t o f numbers
#
# index i s the p o s i t i o n o f a number w i th in va l u e s
# at which the search f o r the sma l l e s t va lue w i l l
# beg in
b e s t g u e s s s o f a r = index
for i in range ( index + 1 , len ( va lue s ) ) :

i f va lue s [ i ] < va lue s [ b e s t g u e s s s o f a r ] :
b e s t g u e s s s o f a r = i

return b e s t g u e s s s o f a r

i f name == ” main ” :
# t e s t the make un so r t e d l i s t ( ) f unc t i on
data = m a k e u n s o r t e d l i s t ( LENGTH )
print ( data )

print ( ”\n” )

s t a r t = 4
pos = pos it ion of minimum ( data , s t a r t )
print ( f ” search f o r s m a l l e s t va lue beg inning at index = { s t a r t : 2 d}” )
print ( f ” p o s i t i o n = {pos : 2 d}” )
print ( f ” va lue = {data [ pos ] : 2 d}” )

3. Add to the previous program to make a copy of this program:

import random

# sp e c i f y the s i z e o f the l i s t s t h a t
# t h i s program w i l l c r ea t e and s o r t
LENGTH = 8

def m a k e u n s o r t e d l i s t ( s i z e ) :
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# make a l i s t t h a t conta ins random in t e g e r s in the
# i n t e r v a l [10 , 99]−−−− t h e s e are 2 d i g i t numbers
#
# s i z e i s the number o f random numbers to put in the
# l i s t
return [ random . randint (10 , 100) for i in range ( s i z e ) ]

# end o f mak e un so r t e d l i s t ( )

def pos it ion of minimum ( values , index ) :
# f ind the index ( p o s i t i o n ) o f the sma l l e s t number
# in t ha t par t o f a l i s t o f numbers t ha t b eg in s
# at a s p e c i f i e d index ( p o s i t i o n )
#
# va lue s i s a l i s t o f numbers
#
# index i s the p o s i t i o n o f a number w i th in va l u e s
# at which the search f o r the sma l l e s t va lue w i l l
# beg in
b e s t g u e s s s o f a r = index
for i in range ( index + 1 , len ( va lue s ) ) :

i f va lue s [ i ] < va lue s [ b e s t g u e s s s o f a r ] :
b e s t g u e s s s o f a r = i

return b e s t g u e s s s o f a r

# end o f p o s i t i on o f swap ()

def swap ( values , i , j ) :
# exchange the va l u e s at two s p e c i f i e d p o s i t i o n s
# in a l i s t o f numbers
#
# va lue s ia a l i s t o f numbers
# i i s the index ( p o s i t i o n ) an element o f va l u e s
# j i s the index ( p o s i t i o n ) o f another e lement o f va l u e s
temporary = va lue s [ i ]
va lue s [ i ] = va lue s [ j ]
va lue s [ j ] = temporary

# end o f swap ()

i f name == ” main ” :
# t e s t the make un so r t e d l i s t ( ) f unc t i on
data = m a k e u n s o r t e d l i s t ( LENGTH )
print ( data )

print ( ”\n” )
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s t a r t = 4
pos = pos it ion of minimum ( data , s t a r t )
print ( f ” search f o r s m a l l e s t va lue beg inning at index = { s t a r t : 2 d}” )
print ( f ” p o s i t i o n = {pos : 2 d}” )
print ( f ” va lue = {data [ pos ] : 2 d}” )

print ( ”\n” )

i = 4
j = 6
print ( f ”swap elements at p o s i t i o n s { i : 2 d} and { j : 2 d}” )
print ( ” be f o r e swap = ” , data )
swap ( data , i , j )
print ( ” a f t e r swap = ” , data )

4. Add to the previous program to make a copy of this program:

import random

# sp e c i f y the s i z e o f the l i s t s t h a t
# t h i s program w i l l c r ea t e and s o r t
LENGTH = 8

def m a k e u n s o r t e d l i s t ( s i z e ) :
# make a l i s t t h a t conta ins random in t e g e r s in the
# i n t e r v a l [10 , 99]−−−− t h e s e are 2 d i g i t numbers
#
# s i z e i s the number o f random numbers to put in the
# l i s t
return [ random . randint (10 , 100) for i in range ( s i z e ) ]

# end o f mak e un so r t e d l i s t ( )

def pos it ion of minimum ( values , index ) :
# f ind the index ( p o s i t i o n ) o f the sma l l e s t number
# in t ha t par t o f a l i s t o f numbers t ha t b eg in s
# at a s p e c i f i e d index ( p o s i t i o n )
#
# va lue s i s a l i s t o f numbers
#
# index i s the p o s i t i o n o f a number w i th in va l u e s
# at which the search f o r the sma l l e s t va lue w i l l
# beg in
b e s t g u e s s s o f a r = index
for i in range ( index + 1 , len ( va lue s ) ) :
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i f va lue s [ i ] < va lue s [ b e s t g u e s s s o f a r ] :
b e s t g u e s s s o f a r = i

return b e s t g u e s s s o f a r

# end o f p o s i t i on o f swap ()

def swap ( values , i , j ) :
# exchange the va l u e s at two s p e c i f i e d p o s i t i o n s
# in a l i s t o f numbers
#
# va lue s ia a l i s t o f numbers
# i i s the index ( p o s i t i o n ) an element o f va l u e s
# j i s the index ( p o s i t i o n ) o f another e lement o f va l u e s
temporary = va lue s [ i ]
va lue s [ i ] = va lue s [ j ]
va lue s [ j ] = temporary

# end o f swap ()

def s e l e c t i o n s o r t ( va lue s ) :
# sor t a l i s t o f numbers us ing the
# s e l e c t i o n s o r t a l gor i thm
#
# va lue s i s the l i s t o f numbers to s o r t
for i in range ( len ( va lue s ) ) :

j = pos it ion of minimum ( values , i )
swap ( values , i , j )

# end o f s e l e c t i o n s o r t ( )

i f name == ” main ” :
# t e s t the make un so r t e d l i s t ( ) f unc t i on
data = m a k e u n s o r t e d l i s t ( LENGTH )
print ( data )

print ( ”\n” )

s t a r t = 4
pos = pos it ion of minimum ( data , s t a r t )
print ( f ” search f o r s m a l l e s t va lue beg inning at index = { s t a r t : 2 d}” )
print ( f ” p o s i t i o n = {pos : 2 d}” )
print ( f ” va lue = {data [ pos ] : 2 d}” )

print ( ”\n” )

i = 4
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j = 6
print ( f ”swap elements at p o s i t i o n s { i : 2 d} and { j : 2 d}” )
print ( ” be f o r e swap = ” , data )
swap ( data , i , j )
print ( ” a f t e r swap = ” , data )

print ( ”\n” )

print ( ” s o r t l i s t with s e l e c t i o n s o r t ” )
s e l e c t i o n s o r t ( data )
print ( ” so r t ed l i s t = ” , data )

5. Add to the previous program to make a copy of this program:

import random

# sp e c i f y the s i z e o f the l i s t s t h a t
# t h i s program w i l l c r ea t e and s o r t
LENGTH = 8

def m a k e u n s o r t e d l i s t ( s i z e ) :
# make a l i s t t h a t conta ins random in t e g e r s in the
# i n t e r v a l [10 , 99]−−−− t h e s e are 2 d i g i t numbers
#
# s i z e i s the number o f random numbers to put in the
# l i s t
return [ random . randint (10 , 100) for i in range ( s i z e ) ]

# end o f mak e un so r t e d l i s t ( )

def pos it ion of minimum ( values , index ) :
# f ind the index ( p o s i t i o n ) o f the sma l l e s t number
# in t ha t par t o f a l i s t o f numbers t ha t b eg in s
# at a s p e c i f i e d index ( p o s i t i o n )
#
# va lue s i s a l i s t o f numbers
#
# index i s the p o s i t i o n o f a number w i th in va l u e s
# at which the search f o r the sma l l e s t va lue w i l l
# beg in
b e s t g u e s s s o f a r = index
for i in range ( index + 1 , len ( va lue s ) ) :

i f va lue s [ i ] < va lue s [ b e s t g u e s s s o f a r ] :
b e s t g u e s s s o f a r = i

return b e s t g u e s s s o f a r
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# end o f p o s i t i on o f swap ()

def swap ( values , i , j ) :
# exchange the va l u e s at two s p e c i f i e d p o s i t i o n s
# in a l i s t o f numbers
#
# va lue s ia a l i s t o f numbers
# i i s the index ( p o s i t i o n ) an element o f va l u e s
# j i s the index ( p o s i t i o n ) o f another e lement o f va l u e s
temporary = va lue s [ i ]
va lue s [ i ] = va lue s [ j ]
va lue s [ j ] = temporary

# end o f swap ()

def s e l e c t i o n s o r t ( va lue s ) :
# sor t a l i s t o f numbers us ing the
# s e l e c t i o n s o r t a l gor i thm
#
# va lue s i s the l i s t o f numbers to s o r t
for i in range ( len ( va lue s ) ) :

j = pos it ion of minimum ( values , i )
swap ( values , i , j )

# end o f s e l e c t i o n s o r t ( )

def i n s e r t ( values , i ) :
# given a l i s t o f numbers whose f i r s t i e lements are in order ,
# i n s e r t the i−th e lement in t o the proper p l ace so t ha t the
# f i r s t i + 1 e lements are then in order
#
# va lue s i s a l i s t o f numbers
# i i s index o f the f i r s t e lement t ha t f o l l ow s
# par t o f the l i s t t h a t i s a l r eady known to be
# sor t ed
j = i − 1
while j >= 0 and va lue s [ j ] > va lue s [ i ] :

swap ( values , i , j )
i = i − 1
j = j − 1

# end o f i n s e r t ( )

i f name == ” main ” :
# t e s t the make un so r t e d l i s t ( ) f unc t i on
data = m a k e u n s o r t e d l i s t ( LENGTH )
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print ( data )

print ( ”\n” )

s t a r t = 4
pos = pos it ion of minimum ( data , s t a r t )
print ( f ” search f o r s m a l l e s t va lue beg inning at index = { s t a r t : 2 d}” )
print ( f ” p o s i t i o n = {pos : 2 d}” )
print ( f ” va lue = {data [ pos ] : 2 d}” )

print ( ”\n” )

i = 4
j = 6
print ( f ”swap elements at p o s i t i o n s { i : 2 d} and { j : 2 d}” )
print ( ” be f o r e swap = ” , data )
swap ( data , i , j )
print ( ” a f t e r swap = ” , data )

print ( ”\n” )

print ( ” s o r t l i s t with s e l e c t i o n s o r t ” )
s e l e c t i o n s o r t ( data )
print ( ” so r t ed l i s t = ” , data )

p r e f i x = [ 2 , 5 , 9 , 14 ]
s u f f i x = [ 3 , 7 , 8 , 11 ]
samples = p r e f i x + s u f f i x
print ( ” begin to s o r t l i s t with i n s e r t i o n s o r t ” )
print ( ” unsorted l i s t = ” , samples )
i n s e r t ( samples , 4 )
print ( ”more so r t ed l i s t = ” , samples )

# end o f main

6. Add to the previous program to make a copy of this program:

import random

# sp e c i f y the s i z e o f the l i s t s t h a t
# t h i s program w i l l c r ea t e and s o r t
LENGTH = 8

def m a k e u n s o r t e d l i s t ( s i z e ) :
# make a l i s t t h a t conta ins random in t e g e r s in the
# i n t e r v a l [10 , 99]−−−− t h e s e are 2 d i g i t numbers
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#
# s i z e i s the number o f random numbers to put in the
# l i s t
return [ random . randint (10 , 100) for i in range ( s i z e ) ]

# end o f mak e un so r t e d l i s t ( )

def pos it ion of minimum ( values , index ) :
# f ind the index ( p o s i t i o n ) o f the sma l l e s t number
# in t ha t par t o f a l i s t o f numbers t ha t b eg in s
# at a s p e c i f i e d index ( p o s i t i o n )
#
# va lue s i s a l i s t o f numbers
#
# index i s the p o s i t i o n o f a number w i th in va l u e s
# at which the search f o r the sma l l e s t va lue w i l l
# beg in
b e s t g u e s s s o f a r = index
for i in range ( index + 1 , len ( va lue s ) ) :

i f va lue s [ i ] < va lue s [ b e s t g u e s s s o f a r ] :
b e s t g u e s s s o f a r = i

return b e s t g u e s s s o f a r

# end o f p o s i t i on o f swap ()

def swap ( values , i , j ) :
# exchange the va l u e s at two s p e c i f i e d p o s i t i o n s
# in a l i s t o f numbers
#
# va lue s ia a l i s t o f numbers
# i i s the index ( p o s i t i o n ) an element o f va l u e s
# j i s the index ( p o s i t i o n ) o f another e lement o f va l u e s
temporary = va lue s [ i ]
va lue s [ i ] = va lue s [ j ]
va lue s [ j ] = temporary

# end o f swap ()

def s e l e c t i o n s o r t ( va lue s ) :
# sor t a l i s t o f numbers us ing the
# s e l e c t i o n s o r t a l gor i thm
#
# va lue s i s the l i s t o f numbers to s o r t
for i in range ( len ( va lue s ) ) :

j = pos it ion of minimum ( values , i )
swap ( values , i , j )
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# end o f s e l e c t i o n s o r t ( )

def i n s e r t ( values , i ) :
# given a l i s t o f numbers whose f i r s t i e lements are in order ,
# i n s e r t the i−th e lement in t o the proper p l ace so t ha t the
# f i r s t i + 1 e lements are then in order
#
# va lue s i s a l i s t o f numbers
# i i s index o f the f i r s t e lement t ha t f o l l ow s
# par t o f the l i s t t h a t i s a l r eady known to be
# sor t ed
j = i − 1
while j >= 0 and va lue s [ j ] > va lue s [ i ] :

swap ( values , i , j )
i = i − 1
j = j − 1

# end o f i n s e r t ( )

def i n s e r t i o n s o r t ( va lue s ) :
for i in range ( len ( va lue s ) ) :

i n s e r t ( values , i )

i f name == ” main ” :
# t e s t the make un so r t e d l i s t ( ) f unc t i on
data = m a k e u n s o r t e d l i s t ( LENGTH )
print ( data )

print ( ”\n” )

s t a r t = 4
pos = pos it ion of minimum ( data , s t a r t )
print ( f ” search f o r s m a l l e s t va lue beg inning at index = { s t a r t : 2 d}” )
print ( f ” p o s i t i o n = {pos : 2 d}” )
print ( f ” va lue = {data [ pos ] : 2 d}” )

print ( ”\n” )

i = 4
j = 6
print ( f ”swap elements at p o s i t i o n s { i : 2 d} and { j : 2 d}” )
print ( ” be f o r e swap = ” , data )
swap ( data , i , j )
print ( ” a f t e r swap = ” , data )
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print ( ”\n” )

print ( ” s o r t l i s t with s e l e c t i o n s o r t ” )
s e l e c t i o n s o r t ( data )
print ( ” so r t ed l i s t = ” , data )

p r e f i x = [ 2 , 5 , 9 , 14 ]
s u f f i x = [ 3 , 7 , 8 , 11 ]
samples = p r e f i x + s u f f i x
print ( ” begin to s o r t l i s t with i n s e r t i o n s o r t ” )
print ( ” unsorted l i s t = ” , samples )
i n s e r t ( samples , 4 )
print ( ”more so r t ed l i s t = ” , samples )

print ( ”\n” )

print ( ” s o r t l i s t with i n s e r t i o n s o r t ” )
measurements = m a k e u n s o r t e d l i s t ( LENGTH )
print ( ” unsorted l i s t = ” , measurements )
i n s e r t i o n s o r t ( measurements )
print ( ” so r t ed l i s t = ” , measurements )

# end o f main

7. How many pairs of elements of values does a call to position of minimum()
examine?

8. Modify the definition of selection sort () so that it returns to its caller a
count of the number of times that it compares the values of two elements
in a list.

9. Modify the definition of insert () so that it returns to its caller a count of
the number of times that it compares the values of two elements of a list.

10. Modify the definition of insertion sort () so that it returns to its caller a
count of the number of times that it compares the values of two elements
of a list.

11. Modify this program so that it compares the amount of work that the two
sort algorithms do in sorting the same list. You will need to learn how to
make a copy of a list.

12. Conduct an experiment. How does the performance of the selection sort
compare to the performance of the insertion sort?

11


