EECS1022 Winter 2018
Exercises on 2-D Arrays
Implementing Matrix Operations using 2-D Arrays

CHEN-WEI WANG

1 Background

1.1 Matrix Addition and Subtraction

Consider two z-by-y matrices, where x denotes the number of rows and y the number of columns:

y columns
a1 a12 a13 e A1(y—1) A1y
" a1 a22 a23 e Ag(y—1) A2y
my = g a3 a32 a33 e az(y—1) a3y
[
- a(zfl)l a(m71)2 a(zfl)S s a(zfl)(yfl) a(zfl)y
Qg1 Qg2 Ay3 cee Qg (y—1) Ay
and
y columns
b11 b12 b13 . bi(y—1) b1y
" ba1 baa ba3 S ba(y—1) bay
my = E b3 b32 bz ... b3y—1) b3y
g . .
b1 b—12 ba-13 -+ ba—1(w-1) ba-1)y
ba:l bz2 sz B bz(y—l) bzy

We define as another z-by-y matrix, whose entry c;; = a;; + b;;, where 1 <i <z and 1 <j <.

y columns
air + bi a2 + bz e ai(y—1) T biy—1) ay + b1y
" az1 + bz az2 + bz e az(y—1) T bagy—1) azy + bay
my+my = E azi + bz azz + bz e az(y—1) + bay—1) asy + bsy
o . .
| e Fbemnr G@eneFhao2 o G- Fhe-DE-1)  Ua-)y +Da-1)y
az1 + bz az2 + bao cee Qy(y—1) + b:c(yfl) Azy + by

We define as another z-by-y matrix, whose entry ¢;; = a;; — b;;, where 1 <i <z and 1 < j <.

y columns
aj; — b a2 — bz S a1(y—1) — bl(yfl) ary — by
" az1 — ba aze — bas e az(y—1) — bagy—1) agy — bay
my—mg = E az; — bsy asz — bsa az(y—1) — bay—1) azy — by
& . . .
Ua-1)1 ~ba-1)1 G-1)2 =b@-1)2 -+ Ge-1)@E-1) ~Pe-1)E-1) %e-1)y ~ ba-1)y
az1 — bz1 g2 — bzo cee Ay (y—1) — bx(y—l) Agy — bmy



1.2 Matrix Multiplication

Consider an x-by-y matrix and a y-by-z matrix

y columns
a11 a12 a13 cee A1(y—1) A1y
a21 a22 a23 e Ag(y—1) A2y
my = % asi a32 a33 az(y—1) a3y
9
- Az—1)1 Az-1)2 Cx—1)3 --- Qz-1)(y—1) Q(z—1)y
Qg1 Az2 Qg3 cee Qg (y—1) Ay
z columns
bi1 b2 bis ... bie—1 b1
ba1 bao bas ... baeny b
Mg = % b31 ba bsz ... b3y bs-
H . . . : .
by-1 by-12 by-13 - dy-1i-1) by
by1 by2 bys . by(z—1) by

. y . .
We define as another x-by-z matrix, whose entry c;; = ;El“““ X byj, where 1 <i<zand1<j <z
That is, to calculate ¢;; in mg, we select my’s row ¢ (with y columns) and ms’s column j (with y rows), and
sum up the products of entries at the corresponding positions.

z columns
5 b 5 b 5 b % b
a X a X . a X _ a X
Pt 1k k1 P 1k k2 ] 1k k(z—1) Pl 1k kz
Y Y Y Y
by agr X bkl by agg X bkg e b)) ask X bk(z—l) by ask X bkz
k=1 k=1 k=1 k=1
[72]
mq X Mg = g
o
D b 9 b 5 b 5 b
QA p— X 01 A(p— X O0g2 ... Qp— X _ Qp— X O
[l (z—1)k Pl (z—1)k Pt (z—1)k k(z—1) Pt} (z—1)k z
Y Y Yy Y
by Ayl X bkl by Ayl X bkg e b)) Ayl X bk(z—l) by Ayl X bkz
k=1 k=1 k=1 k=1

2 Your Tasks

Create a Java class MatrixOperations whose main method repeatedly (where you may want to use the Scanner
class and its methods for reading user inputs):
1. Prompt for the number of rows (say nry), then the number of columns (say ncy), of a first matrix m;.
Initialize a 2-D array of the corresponding dimension sizes.
2. Prompt to enter values of the nr; x ncy entries in the first matrix ms, one at a time: m|[0][0], m[0][1], ...,
m[0][ner — 1], m[1][0], m[1][1], ..., m[l][nc1 — 1], ..., m[nry —1][0], m[nry — 1](1], ..., m[nry — 1][ncy — 1].
3. Prompt for the number of rows (say nrsy), then the number of columns (say ncs), of a second matrix ms.
Initialize a 2-D array of the corresponding dimension sizes.
4. Prompt to enter values of the nra x ncs entries in the second matrix mg, one at a time: m[0][0], m[0][1], ...,
m[0][nce — 1], m[1][0], m[1][1], ..., m[l][nc2 — 1], ..., m[nre — 1][0], m[nry — 1][1], ..., m[nre — 1][nce — 1].
5. If nry = nry and ne; = neg, then compute both my + mo and my — mo and print out the two resulting
matrices. Otherwise, print an error message: the addition and subtraction operations are not applicable.
6. If ncy = nry, then compute mq X mo and print out the resulting matrix. Otherwise, print an error message:
the multiplication operation is not applicable.
To pretty print a matrix, you may want to separate entries on the same row with a tab (\t) rather than a space.



3 Example Runs

3.1 Input Applicable for All Operations

Enter the number of rows of ml
2

Enter the number of columns of ml
2

Enter a value for ml1[0][0]:

1

Enter a value for ml1[®][1]:

2

Enter a value for mi1[1][0]:

3

Enter a value for m1[1][1]:

4

ml:

1 2

3 4

Enter the number of rows of m2
2

Enter the number of columns of m2
2

Enter a value for m2[0][0]:

5

Enter a value for m2[0][1]:

6

Enter a value for m2[1][0]:

7

Enter a value for m2[1][1]:

8

m2:

5 6

7 8

ml + m2:

6 8

10 12

ml - m2:

-4 -4

-4 -4

ml * m2:

19 22

43 50




3.2 Input Applicable for Multiplication Only

Enter
2
Enter
3
Enter
1
Enter
2
Enter
3
Enter
4
Enter
5
Enter
6

ml:

1

4
Enter

Enter

Enter

Enter

Enter
9
Enter
10
Enter
11
Enter
12
m2:
7

9

11
ml *
58
139

the number of rows of ml

the number of columns of ml

a value

a value

a value

a value

a value

a value

2
5

for

for

for

for

for

for

ml[0][0]:

ml[0][1]:

ml[0][2]:

mi[1][0]:

mi[1][1]:

ml[1][2]:

3
6

the number of rows of m2

the number of columns of m2

a value

a value

a value

a value

a value

a value

8

10
12

64

154

for m2[0][0]:

for

for

for

for

for

m2[0][1]:
m2[1][0]:
m2[1][1]:
m2[2][0]:

m2[2][1]:

We cannot do addition/substraction.
m2:
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