SELECTED SOLUTIONS

CHAPTER 4

Exercise Set 4.1.1

1.A.a11=7
B.a»:=0

2.A.2x3
B. 2x2
C.3x1
D.1x3
E. 3x3

S

5

B. [265 _—260

Exercise Set 4.1.2

1. Modify Program 4.1.1 so that A =

1 2
3 4]

5 6

A=I[1,2]34]I5 6l
r = int(input("row? "))
¢ = int{input("column? "))
ifrin [0,1]and cin [0,1,2]:
print(A[r][c])
else:
print("out of range")

2. Modify Program 4.1.2 so that instead of assigning 0’s to each matrix element, it assigns a random
number between 1 and 10 to each element.

from random import randint
r = int(input(“Rows? “))




¢ = int(input(“Columns? “))

A=[] # initialize the matrix

foriinrange(r): # for each row
row =[] # initialize row i
for jin range(c): # for each column

row.append(randint(1,10)) # append random integer to row i

A.append(row) # append row to matrix A

print(A)

3. Write a program that calculates and output the sum of the following two matrices:

1 0 -3 10
A= [—2 sl B=ly
A=10,0][-2,5]]
B =1[[-3,10], [4,-7]]
C=[[0,0], [0,0]]
foriin range(2):

forjinrange(2):
CIlil[j1 = AL[1+BIII]

print(C)

4. The result would be:
[['I 7 0]1 [_21 5]1 [_31 10]! [4l _7]]

1 0

R
which is ~3 10
4 =7

so rather than perform matrix addition, the effect of A+B is to append matrix B to the bottom of matrix
A.

Exercise Set 4.1.3

1. listA = [5*i for i in range(10))]
2. listB = [i**2 for i in listC]

3. listC =[i*j foriin list D for j in listE]

Exercise Set 4.1.4




1. Write a brief funtion called init_matrix(r,c) that returns a matrix M with dimensions r x c in which all
the entries are 0.

def init_matrix(r,c):
M =[[0forjinrange(c)]foriinrange(r)]
return M

Exercise Set 4.1.5

2 10
0 —12
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“1-3 -1/3
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—11 19
24 3]
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1.A.
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2. No, you would end up with:
[[2, 4], [6, 8], [2, 4], [6, 8]]
instead of:

([4, 8], [12,16]]

11 12 13

3. Write a program that squares all the entries of [14 15 16

import matrix_fcn as mf
A=1[[11,12,13],[14,15,16]]

r=len(A) # of rows

c =len(A[0]) # of columns

B = mf.init_matrix(r,c)

foriinrange(r):
B[i] = [A[i1[jI**2 for j in range(c)]

mf.print_matrix(B)

4, Write a program that performs the matrix operations:



T A T I

import matrix_fcn as mf

A =1[[1,5],[-1,-5]]

B =1[[-4, -31,[-2, -1]]

r=len(A) # of rows

c = len(A[0Q]) # of columns
C = mf.init_matrix(r,c)

foriinrange(r):
C[il = [3*Ali]l[jI+4*BIil[j] for j in range(c)]

mf.print_matrix(C)

5. Write a program that generates a multiplication table for integers up to 9.

import matrix_fcn as mf

# row 0 (headers)
A = mf.init_matrix(10,10)
A[0] =[iforiin range(10)]

#rows1-9:
foriinrange(1,10):
Alil[0]=i # 1st column is row number (multiplier)
forjinrange(1,10): #columns1-9
All[jl =i%j

mf.print_matrix(A)

Exercise Set 4.1.6

1. Modify function input_matrix() so that it takes parameters r and c.

def input_matrix(r,c):
ifr==0:
r = int(input("# of rows? "))
if c==0:
¢ = int(input("# of columns? "))

#remainder of function




2. Modify program scalar_mult so that the user is prompted to enter a scalar, the dimensions of a
matrix, and the matrix. Perform scalar multiplication.

import matrix_fcn as mf
scalar = int(input("scalar? "))
A = mf.input_matrix(0,0)
r=len(A)
c =len(A[0Q])
B = mf.init_matrix(r,c)
foriinrange(r):
BIi] = [scalar*Alillj] for j in range(c)]
mf.print_matrix(B)

4, Write a program that asks the user for a single number N. Create a square matrix with N rows and N
columns. Each element of the matrix will be 0 EXCEPT for the elements along the diagonal, which will
be 1. For example, a 3x3 matrix would look like this:

1 00
010

0 0 1

import matrix_fcn as mf
N = int(input("size of square matrix? "))
A = mf.init_matrix(N,N)
foriin range(N):
Alillil=1
mf.print_matrix(A)

Exercise Set 4.1.7

1. Fill'in the yellow highlighted code to generate each row of the lotto matrix.

from random import randint
import matrix_fcn as mf

lotto = mf.init_matrix(6,6)
foriin range(6):
for jin range(5):
lottolil[j] = randint(1,47)
lottolil[5] = randint(30,50)
mf.print_matrix(lotto)

Exercise Set 4.1.8

1. Incorporate the use of randint_norepeat() into program lottery.



from random import randint
import matrix_fcn as mf

def randint_norepeat(m,k,n):
# returns a list of m unique random numbers in the range [k,n]

from random import shuffle

numbers = list(range(k,n+1))

shuffle(numbers)

random_list =[]

foriin range(m):
random_list.append(numbers.pop())

return random_list

lotto =]
last_col = randint_norepeat(5,1,27)
foriinrange(5):

row_list = randint_norepeat(5,1,47)
row_list.append(last_col.pop())

lotto.append(row_list)

mf.print_matrix(lotto)

2. Modify program so that the first 5 numbers in each row are output sequentially lowest to highest.
Insert after row_list = randint_norepeat(5,1,47):

row_list.sort()

Exercise Set 4.2.1

1.7

2. not possible
3.31

4.-53

5. not possible

6. 146



Exercise Set 4.2.2

1. Modify program to accept and check user input.

import poly_fcn as pf

A_str =input("A?")
A =[int(a) for ain A_str.split(’,)]
B_str = input("B? ")
B = [int(b) for b in B_str.split(’,)]

if len(A) !=len(B):
print("Sorry, A and B must be the same size.")
else:
result=0
for kin range(len(A)):
result +=A[k]*B[k]
print("Product is",result)

Exercise Set 4.2.3

2 5
[28 20]
24 14

69 68
‘167 -51

[14 11 30]

N

w

4.186 79 120
12 11 -75
[1 11 -8
517 7 2
1 10 —4

6. No.

~N

. Multiplying by the identity matrix results in the same matrix.

84 72 75 91 15
82 68 74 85||

8.199 85 86 95 -i
60 74 68 75||"

89 91 96 O 15

Amelia 77.85%, Bradley 75.05%, Kimiko 89%, Wesley 69.65%, Antwone 79.05%



Exercise Set 4.2.4

1. Fill'in yellow highlighted code to calculate value of p;;.

import matrix_fcn as mf

A=1[[1,2,31,[4,5,6]]

B =1[[7,8],[9,101,[11,12]]
A_num_rows = len(A)
A_num_cols =len(A[0])
B_num_rows = len(B)
B_num_cols =len(B[0])

if A_num_cols!=B_num_rows:
print(“Sorry, # of A columns must equal # of B rows”)

else:
P = mf.init_matrix(A_num_rows,B_num_cols)
foriin range(A_num_rows) # foreach rowin A

forjin range(B_num_cols) # for each columnin B
for k in range(A_num_cols):
PLil[j] += Ali[KI*BIK][j]
mf.print_matrix(P)

2. Modify the program so that the user can input any two compatible matrices A and B.
Replace the assignment statements for A and B with:

print("Matrix A:")

A = mf.input_matrix(0,0)

print("Matrix B:")

B = mf.input_matrix(0,0)

3. Convert the program to a function.

def matrix_product(A,B):
import matrix_fcn as mf

A_num_rows = len(A)
A_num_cols = len(A[0])
B_num_rows = len(B)
B_num_cols = len(B[0])

if A_num_cols !=B_num_rows:




print(“Sorry, # of A columns must equal # of B rows”)
return [[0]]

else:
P = mf.init_matrix(A_num_rows,B_num_cols)
foriin range(A_num_rows): # for each row in A

forjinrange(B_num_cols):  # foreach columnin B
for kin range(A_num_cols):
P[] += Ali[KI*BIK][j]
return P

Exercise Set 4.3.1
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6. Write a program to calculate and output the inverse of a 2x2 matrix.

import matrix_fcn as mf
A = mfinput_matrix(2,2)

I = [[0,01,[0,01]

d = A[0][0] *A[1][1]-A[CI[1]*A[1][0]

if d==0:
print("noninvertible")

else:
I[0][0] = round((1/d)*A[1][1],2)
I[0][1] = round( (1/d)*-1*A[0][1],2)
I[11[0] = round( (1/d)*-1*A[1][0],2)
I[11[1] = round( (1/d)*A[0][0],2)
print(l)

Exercise Set 4.3.2



1. You get a ValueError in the print_matrix function because it is attempting to output a float
number using an integer format.

2. You get very long float numbers in the answer.

3. Error message.

import matrix_fcn as mf
def matrix_inverse(A)

I =[[0,0],[0,0]]
d = A[0][0] *A[1][1]-A[CI[1]*A[1][0]
if d==0:

print("noninvertible")

return [[O]]
else:
I[0][0] = round((1/d)*A[1][1],2)
I[01[1] = round( (1/d)*-1*A[0][1],2)
I[11[0] = round( (1/d)*-1*A[1][0],2)
I[11[1] = round( (1/d)*A[0][0],2)
return |

# main program

A = mfiinput_matrix(2,2)

if Al=[[0]]
| = mf.matrix_inverse(A)
print(“\ninverse:”)
print(l)

4. The program outputs a 2x2 inverse based on a1, @12 az1and aza.

import matrix_fcn as mf

def matrix_inverse(A)
iflen(A) =2 or len(A[0]) !=2:
print("A must be 2x2")
return [[0]]
else:
I = [[0,0],[0,0]]
d = A[0][0] *A[1][1]-A[CI[1]*A[1][0]
if d==0:
print("noninvertible")
return [[0]]
else:
I[0][0] = round((1/d)*A[1][1],2)
I[0I[1] = round( (1/d)*-1*A[0][1],2)




I[11[0] = round( (1/d)*-1*A[1][0],2)
I[11[1] = round( (1/d)*A[0][0],2)
return |

# main program

Exercise Set 4.3.3
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Exercise Set 4.3.4

1. The output is [ [ 5.8800000000001], [-0.89999999999995 ] ]
No, the actual answeris[[6],[-1]]

The reason this is inaccurate is because the matrix_inverse function is rounding the inverse entries
to 2 decimal places. Fix this by removing the round() functions from the matrix_inverse function.

2. The outputis:

Noninvertible
Sorry, A and B must be compatible.
[[0]]

import matrix_fcn as mf

print("matrix A:")
A = mfiinput_matrix(2,2)
print("matrix B:")
B = mf.input_matrix(2,1)

| = mf.matrix_inverse(A)
ifl=[[0]11]:




print("No solution")

else:
X = mf.matrix_product(l,B)
print(X)

3. You get a ValueError message because the input_matrix function is expecting integer inputs.

Exercise Set 4.4.1

[ 3 —4]x _ 4 . o
1. _1/2 _3] _y] = [_ 1/2] Answer: (x,y) = (2, %2)
2. 51) _27 [; = [_230] Answer: (-2, 4)

3. g _52 [; = [_83] Answer: (— 24—3, 4)
4, AZL Z] i] = [E] No solution
st [;] = [g] Answer: (6, 2)
6.7 3| [[] =[] Answer: 4.0

2

Exercise Set 4.4.2

3. No solution. Inconsistent.

4. (6,-1)

9]

. No solution. Consistent-Dependent.

o

(uv)=(5,3)s0(x,y)= (1 1)

5’3

Exercise Set 4.4.3



w N
[ [

) [

N—r N—r

4. No solution.

5. (-2,4)

6. 110 adults, 215 military.

7. 60 Ib. dark chocolate, 40 Ib. Ruby chocolate
8. $90,000 in AA bonds, $60,000 in bank CD's.

Exercise Set 4.5.1

Same as Exercise Set 4.4.3 #1-4.

Exercise Set 4.5.2

1. Modify program to accept input statements and use more efficient assignment statements.

from fractions import Fraction
import matrix_fcn as mf

print("Matrix A:")
A = mfiinput_matrix(2,2)

print("Matrix B:")
B = mf.iinput_matrix(2,2)

a,b,c,d = A[0][0], A[0][1], A[1][0], A[1][1]
s,t = B[0][0], B[1][0]

detA = a*d-b*c
Ax = s*d-b*t
Ay = a*t-s*c

print("X=",Fraction(Ax,detA))
print("Y=",Fraction(Ay,detA))

2. Modify the program to print "no solution" as needed.



Insert the following lines above num_X = s*d - b*t:

if detA ==0:
print("No solution")
else:

3. Bypass use of variables a, b, ¢, d, s, t entirely. Have assignment statements for detA, Ax and Ay use
entries of A and B.

from fractions import Fraction
import matrix_fcn as mf

print("Matrix A:")
A = mfinput_matrix(2,2)

print("Matrix B:")
B = mf.input_matrix(2,1)

detA = A[O][O]*A[1][1]-A[O][1]*A[1][0]
Ax = B[O][O]*A[1][1]-A[O
Ay = A[0][0]*B[1][0]-B[O][0]*A

=
—
—_
f—
3k
0

print("X=",Fraction(Ax,detA))
print("Y=",Fraction(Ay,detA))

Exercise Set 4.5.3
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4., Write a function that will return the determinant of a 3x3 matrix.

def determ(M):
return M[O][O]*(M[1][1]1*M[2][2]-M[1]1[2]*M[2][1])-M[O][1]1*(M[1][0]*M[2][2]-
MII[2]*M[2][0])+ M[OI[2]*(M[1][01*M[2][1]-M[11[1]*M[2][0])

# main program (for testing)
import matrix_fcn as mf

A = [[_51 Ol 1]! [11 2: _1]1 [_31 4l 1]]
det = mf.determ(A)




print("Determinant of:")
mf.print_matrix(A)
print("\nis",det)

Exercise Set 4.5.4

1.(-3,0,4)
2.(3,-2,1)
3.(1,3,-2)

Exercise Set 4.5.5

1. Fill in the yellow highlighted code to calculate and output x, y, z.
print("(", Fraction(Dx/D), ",", Fraction(Dy/D), ",", Fraction(Dz/D), ")")

2. Modify program cramer3d as instructed.

from fractions import Fraction
from copy import deepcopy
import matrix_fcn as mf

print("Matrix A:")

A = mf.input_matrix(3,3)

B_str = input("Matrix B: ")

B = [float(k) for k in B_str.split(’,")]

At = deepcopy(A) # At is a temporary clone of A
D = mf.determ(A)

# Replace A col 1 with B
At[0][0], At[1][0], At[2][0] =B
Dx = mf.determ(At)

# Replace A col 2 with B
At = deepcopy(A)

At[0][1], At[11[1],At[2][1]1 =B
Dy = mf.determ(At)

# Replace A col 3with B
At = deepcopy(A)

At[0][2], At[11[2], At[2][2] =B
Dz = mf.determ(At)

if D==0:
if Dx==0and Dy ==0and Dz==0:




print("CONSISTENT DEPENDENT")
else:
print("INCONSISTENT")
else:
print("(", Fraction(Dx/D), ",", Fraction(Dy/D), ",", Fraction(Dz/D), ")")

Exercise Set 4.6.1

l.y=-x*+4x-3
2.y=-x*+3x-2
3.f(x) =-0.11x* + 1.43x - 0.67; $21.51
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