Computer Science 1820

Solutions for Recommended Exercises

Section 3.8

2. (a) To add two matrices of the same size, we add corresponding entries:

1 0 4 -1 3 5
A+B=| -1 2 2|+ 2 -3
0 -2 -3 2 -3 0

1+(=1)  0+3 445 0 3 9
—142 242 24(=3) | = 1 4 —1|.

0+2 —2+(-3) =340 2 =5 -3

1 05 6 3 9 -3 4

®) A+B = {—4 35 —2} { 0 -2 -1 2}
C[14(=3) 049 54(-3) 6441 | [-2 92 10
T 440 34(-2) 54+(-1) 242 | | | -4 -5 4 0

4. To find the (i, j)th entry in the product AB, we pair up the entries in the ith row of A with those in
the jth row of B, multiply each pair, then add the results.
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(continued)



0+0—1 140+0 —140+1 -1 1 0
(continued) = | 0—1+1 0+1-0 0-0-1 | = 0 1 -1
0+140 —1—140 1+0+0 1 -2
1 -3 0 1 -1 2
WAB= |1 2 2||-1 03 -1
2 1 -1]|[-3 20 2
1(1)=3(-1)+0(=3) 1(—1)—3(0)+0(—-2) 1(2)—3(3)+0(0) 1(3)—3(—1)+0(2)
= | I(1)+2(=1)+2(=3) L(=1)+2(0)+2(~2) 1(2)+2(3)+2(0) 1(3)+2(~1)+2(2)
2(1)+1(=1)—1(=3) 2(=1)+1(0)—1(=2) 2(2)+1(3)—1(0) 2(3)+1(—-1)—1(2)
14340 —1-0+0 2-940 3+3+0 4 —1 -7 6
= | 1-2-6 —1+0-4 2+6+0 3-2+4 | = -7 -5 85
2—1+43 —2+40+2 4+43-0 6-1-2 4 0 73
0 —1
4 -1 230
©AB=| 7 2||
4 2 03 41

0+2 0-0 0-3 0—4 0-1
= 28—4 —7+0 14+6 21+8 0+2
—-16+6 4-0 —8-9 —-12-12 0-3

2 0 -3 -4 —1
_ 24 -7 20 29 2
10 4 —-17 —24 -3

10. The product of an m X n matrix and a p X ¢ matrix (in that order) is defined only if n = p; if it is
defined, its size is m X gq.

(a) 4=4,s0AB and its size is
(b) 5#3,s0BA s
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(continued)

(c) 4=4,s0AC and its size is
(d) 4#3,50CA s
(e) 5#4,50BCis
(f) 4=4,s0CB and its size is

Two matrices are (multiplicative) inverses of each other if their product (in any order) is the (same)
(multiplicative) identity, I,,. So, we calculate the product of the two matrices in both orders:

2 3 -1 7 -8 5
1 -4 5 =3
-1 -1 3 I -1 1
14—-12—-1 —16+15+1 10-9-1 1 00
= 7-8+1 —-8+10—-1 5-6+1 =1010]| =1
—T+4+3 8-5-3 54343 0 01
7 -8 5 2 3 -1
-4 5 -3 1 2 1
1 -1 1 -1 -1 3
14-8-5 21-16—5 —-7—-8+15 1 00
= | 8+5-3 —12+104+3 4+4+5-9 =101 0| =1Is.
2—-1-1 3-2-1 —1-1+3 0 01
Accordingly, the given matrices are inverses of each other.
(a) Using the formula in Exercise 19,
(3) ~(2)
=DE)-@)1)  =HE)-@)1) _6 4
AT = = { 2 '2}
—(1) (=D o
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SO (A 1) is the inverse of A, as expected.
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1 01 1vO 1V1
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1 1] .0 1 1A0 1A1 0 1
®) AAB = {0 1}/\{1 o} B {0/\1 1/\0} - {0 o}'

(c) The Boolean product of two zero-one matrices is computed like their ordinary matrix product,
but with A replacing multiplication and V replacing addition:

AGB — [1 1]@{0 11 _ [(1Q0>§<121) <12})$(120>]

01 1 0
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(continued) — | V1 VO] _ 11
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AGOB = 01 01]|®
1 1 11 I
1 0
[ (IA1)V(OAO)V(OAT)V(IAT) (IAO)V(OAT)V(OAT)V(1A0)
= | (OAD)V(IAO)VOAL)V(IAT) (OAO)V(IAT)V(OAT)V(1A0)
| (IAD)V(IA0)V(IAT)V(AL) (1IA0)V(IAT)V(IAT)V(1A0)
[ 1vOvOVv1 0OvVOVvOVvO 1 0
= | 0vOvOvl 0Ov1iVvOovoO | = 1 1
| 1VOVIVI 0VIVIVO 11
Let A = [a,-j] be an m X n zero-one matrix, so that the (i, j )th entry of A is a;j. Similarly, let

I, = [a,,-], so that 8,~j is one if i = j and zero otherwise. Then, the (i, j)th entry of A® I, is
(a,-l/\alj)\/(a,-z/\azj)\/~--\/(al~j/\ajj)\/~--\/(a,~nA8nj)
= (a1 ANO)V (ap AO)V -V (aij A1) V-V (ain AO) = OVOV---Va;;V---VO = ajj.

Since i and j were arbitrary, every entry in A © I, is equal to its corresponding entry in A; in other
words, AO I, = A.

Next, the (i, j)th entry of I, ® A is

(9i1a1;) V (0naz;) V-V (9jiaij) V -+ -V (Oimam; )

= (0Aar)V(0Aaz)) V-V (1 Aa;) V-V (0Aa;) = OVOV---Va;V---V0 = aj.
So, every entry in I, © A is equal to its corresponding entry in A, meaning that I,, © A = A.

Combining these results, we have A©I=1® A = A, as required.



