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Newsletter No, 20 December 20, 1971

Learner Determined Goals and Structured Learning Sequences

There are a number of good reasone for questioning the suitability of pre-deter-
mined, linear sequences of educational objectives for learning. Newsletter No. 17
cited some of the questions that have been raised about the rigidity of such systems.

The real challenge seems to be one of combining the structure and guidance of-
fered by a well-planned system with the freedom that the human learner needs in order
to individualize his or her understanding of the subject under consideration,

One validated approach to resolving this dilemma is to set goals that are rela-
tively few in number, but attractive and meaningful enough to invite learner selection
of a sequence of pre-requisite goals. The process might be represented pictorially

as follows:
T Ll o
I J HALLENGIN
- COAL etc

Y -
PREREQUISITE GOALS

For example, the major challenging goal might be to obtain a radio amateur's license

(an attractive and non-trivial goal for many persons). Once this objective has been set,

it then becomes clear that the best approach to the major goal is to back off and master
certain prerequisite goals, (learning to send and receive Morse code, studying prescribed
theory, passing a specific written exam, etc.). '

It is our feeling at Project Solo that such things as computer tutorials (or other
teacher-authored activities) will stand or fall on the basis of their relevance to such a
motivational strategy. It continues to be our estimate that the future lies with learner-
controlled computing activity, especially if it is associated with major goals, but also
if it is supported by thoughtful curricular structure (i. e. supported by well developed
pacl;ages for achieving pre-requisite goals, including computer based tutorials, drills
etc.).

ED057614

Modules Related to Matrices
' Newsletter No. 17 included a copy of module #0045 (Caommunication Matrices),»and
v) showed several ''pre-requisite' paths that might lead to this unit. We are enclosing two
such pre-requisite modules (#0107, Elementary Matrix Operations, and #0035, Matrix
Multiplication). We are also enclosing module #0127 (Finite-State Automata) which goes
a step beyond Communication Matrices. Thus for many students the sequence #0107,
#0035, #0045 and #0127 could prove to be a well motivated but structured path to exper-
tise in this area.

0127
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. This module introduces the idea of a matrix, and the ele-
mentary matrix operations of addition (page 2) and subtraction
(page 4), and multiplication by a scalar (page 6).

0 Module #0036 covers matrix multiplication. Module #0045
discusses several modern applications of matrix multiplication.

2




Elementary MATRIX Operations 1

The map on the cover of this module shows the streets and
avenues of a section of the town of Munchin. As can be
seen, there are employees of Col. Mayer's finger-licking Hot Dog
Vending Company stationed at strategic intersections in
the town. Being the business man that he is, Col. Mayer
is interested in keeping an account of the number of sales
of each of these vendors. He represents these sales figures

in an ordered rectangular array asz follows:

SALES FOR MONTH OF APRIL

5 J & g 3 J & & & J

o & > P > ;
4™ avenue 0 877 0 1,996 0 ﬁ
5™ Avenve [1,652 0 2,008 0 1,765 §
7th avenue |3,077 | 2,437 0 2,981 0 ’
12" avenve |[3,618 | 3,051 | 4,171 | 4,632 | 3,987

This rectangular array is called a matrix (pronounced
MAY-TRICKS). Each row of this matrix represents locations
along a certain avenue. Each column of the matrix repre-
sents locations along a certain street. The entries of the

matrix, which are called elements, represent the number of ;

hot dogs sold by each vendor during the month of April.
Notice that the elements of the matrix show not only

the number of sales but also the location of the vendor.

Por instance the entry 877 is the number of hot dogs sold

th venue and 32" street.

3

by the verndor located at 4




l. what is the location of the vendor whose
sales totaled 4,171 for the month of April?

ANSWER: Avenue and Street.

2. How many hot dogs were sold in April by the
vendor at 12th Avenue and 36th Street?

ANSWER: hot dogs.

The 0 entries mean no sales because either there is
no vendor at that corner or the vendor sold 0 hot dogs.

In the above matrix there are 4 rows (one for each of
the avenaes) and 5 columns (one for each street). The size-
of a matrix is giver. by the number of rows and columns. In
this case the matrix is said to have size 4 by 5. In gen-

eral, the size of a matrix is given as the number of rows

by the number of columns.

MATRIX ADUOIT.ON

Another month has passed and Colonel Mayer has col-

lected the sales of hot dogs by his vendors Zor the month
of May. Here are the numbers:

SALES FOR MONTH OF MAY

g“. %‘I. %"' g“. g".
3 & & 5 S
> o S s '5‘*’

th

4 Avenue 0 1,002 0 1,890 0

st avenue | 1,723 0 2,971 0 1,887

7th Avenue | 4,007 | 2,983 0 3,623 0

12%" Avenue | 3,773 | 3,076 | 5,380 | 5,179 | 4,837




Suppose we now want a table showing the total number of hot

dogs sold by each vendor for the 2 months of April and May?

It is probably obvious to you that the way to get this table
is to add together each vendor's sales for both months.

Doing this for the whole chart is called the operation of

matrix addition.

Before going ahead and doing this, we first will intro-
duce a more compact notation for matrices,* used by mathe-
maticians. We will discard everything except the elements
of the matrix, enclose them in square brackets, and give

them a name as follows (capital letters are usually used):

0 877 0 1,996 0
This is the matrix A
1,652 0 2,008 0 1,765 .
A= which describes the
3,077 2,437 0 2,981 0

sales for April
L?,Gls 3,051 4,171 4,632 3,987

_
0 1,002 0 1,890 0
1,723 0 2,971 0 1,887 This is the matrix M
M= 4.007 2.983 0 3 623 0 which describes the
[ 4 [ 4 [ 4
3,773 3,076 5,380 5,179 4,837 sales for May

To answer the last question (what are total sales of
each vendor for April and May) we simply add the matrices
A and M. This means that each element in A is added to the

corresponding element in M.

ERJ(? *Matrices is the plural of matrix; it is pronounced MAY-

- P P~ 3
TRA-SEES. O
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0 877 0 1,996 0
1,652 0 2,008 0 1,765
The matrix A
3,077 2,437 0 2,981 0

L?,618 3,051 4,171 4,632 3,987

0 1,002 0 1,890 0 W
1,723 0 2,971 0 1,887
+ . The matrix M
4,007 2,983 0 3,623 0

3,773 3,076 5,380 5,179 4,837

—
0+0 877+1,002 0+0 1,996+1,890 0+0
The matrixlﬁ> 1,652+1,723 0+0 2,008+2,971 0+0 1,765+1,887
A+M 3,077+4,007  2,437+2,983 0+0 2,981+3,623 0+0

§

L

0 1,879 0 3,886 0

3,375 0 4,979 0 3,652

Fill in the missing entries in the sum matrix shown
above. (Hard work? Cheer-up. You'll learn to use the com-
puter for this purpose soon.)

MATRIX SUBTRACTION

Colonel Mayer wants to know the difference in

hot dog sales between May and April for each vendor so that
he can tell which location is showing the greatest boom

(increase) in business. o

3,618+3,773 3,051+3,076 4,171+5,380 4,632+5,179 3,987+4,837

© o eeve o s emn an A s



The answer to this problem involves the matrix opera-
tion of subtraction. Matrix subtraction is similar to
matrix addition, except that each element of A will be

subtracted from the corresponding element of M. Thus,

0 1,002 0 1,890 0 i
1,723 0 2,971 0 1,887
M-A= The matrix M
4,007 2,983 0 3,623 0
3,773 3,076 5,380 5,179 4,837
N B )
0 877 0 1,996 0 ] v
1,652 0 2,008 0 1,765 ‘
- The matrix A
3,077 2,437 0 2,981 0
L3,618 2,051 4,171 4,632 3,087 \
0-0 1,002- 877 0-0 1,890-1,996 0-0 N
1,723-1,653 0-0 2,971-2,008 0-0 '1,887-1,765
RS 4,007-3,077 2,983-2,437 0-0 - 3,623-2,981 - 0-0
B,773—3,518 3,076~3,051 5,380-4,171 5,179-4,632‘ 4,837-3,987
i 0 125 0 -106 0 i
70 0 963 o M‘.I 122 |
) 930 ) o 0
e — ]
SERERAIEY
* *

l. Complete the above “difference" matrix.

e )
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which
means :

In performing the matrix operations of adéition and
subtraction, notice that the 2 matrices being added or sub-

tracted must be of the same size.

MATRIX MULTIPLICATION BY A SCALAR

With the approach of the summer months and the baseball
season, Col. Mayer‘is predicting a 20% increase over the
May sales for the month of June. What number of hot dogs
does he predict each vendor to sell during the month of
June?

The answer to this question involves the matrix oper-
ation of multiplication by a scalar. This means that each
element in a matrix will be multiplied by the same nunber
which is called a scalar. The scalar multiplier for our
example is 1.20. We cén say that each element in June is
predicted‘to be l.é times as big as the corrésponding éle—

ment in May. The compact way of saying this with matrices is

J=1.2+M.
1.20%0 1.20%1,002 1.20%0 1.20% 1,890 1.20%0
| 1,20%1,723 1.20%0
J= ' ' '
1.20%4,007 o l.20%0 o _ . . .1.20%0
'1.20%2,773 1.20%3,076 1.20%5,380 1.20%5,179 1.20*4,837J
0 o 0
. o 0
J= L |
0 e 0
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¥ (What, again!) }
* R . {

Complete the matrix J=1.20%M shown on the previous page.

(If you get tired, read on and find out how to use the com-

puter to do this.)

Using the Computer to Add and Subtract Matrlces and to Multiply
Matrices by a Scalar

SE QY ur TE VY R UV PW OOW QM vW PT ¢4 R YCT MM MY ‘
"TMPORTANT NOTE:h Many versions of BASIC have special

"matrix" commands that simplify working with matrices.

However in this mcdule we will not use these commands.
There are two reasons for this. Flrst, profe551onal
programmers do not use them, nor are they avallable in
compater languages other than BASIC. Second, you w111
obtaln much more 1n51ght 1nto the mathematlcs of matrlces
by wrltlng programs that manlpulate them in the same»

way that the deflnltlons 'say you should

- This module assumes that you understand what a3Subscripted‘

variable is, and how such‘variableshareuused in-BASIc;

.READ: ABOUT SUB- .
SCRIPTED VARIABLES
AND THE' DIMENSION
- STATEMENT* IN | :

fBASICALLY, NENBASIQ

s THIS A COR™
~_ RECT ASSUMPTION

P
%



STORING A MATRIX IN THE COMPUTER

Since an element of a matrix is located by its row
number and column number (see page 2), the best way to store
matrix elements is to use variables (locations) which have
two subscripts. Then we can store the element which is
in row i and column j in the location called A(I,J). For
example, A{l,2) will be the variable name we giﬁe to the
location where we store the matrix element in the first row,

second column of A.

INPUT OF MATRIX ELEMENTS

The program segment shown below allows you to input the
elements of a 2 by 3 (2x3) matrix. It expects you to input
the numbers left to right, row by row.

105 DIM A(2,3) . After you run this program, the
110 FOR I=1 TO 2 memory of the computer looks '
115 POR J=1 TO 3 like the following:

120 INPUT A(X,J) H '

125 NEXT J

130 NEXT I

712 12 2. 1y
?-2

214 A(2,1) A(2,2) - - [A(2,3)
20 S S Rt
733 0 33 | 19
?19 S

PRINTING OUT ELEMENTS

To print out the above matrlx elements row by row we can
add the following statements to the. above program:

910 FOR I=1 TO 2

15 FOR J=1 TO 3 The seml—colon forces all the elements B
320 PRINT A(I,J) ;4 controlled by the 1nner FOR~ Loop to be |

925 NEXT J printed on one line. : :
930 PRINT (cr) The extra PRINT stztement forces the com—'_
935 NEXT I puter to print the. next row on a new- llne..

1() " )  15if“/




SAMPLE_PROGRAM - Enter and run this program for the Hot Dog

Program (on p. 4).
Matrix Addition: C=A+B

1 pIM A(4 5), B(4,5), C(4,5)
5 PR. "THIS PROGRAM ADDS TWO 4 by 5 MATRICES"

10
15
20
25
30
35
40
45
50

55

60
65
70
75
80
85
90
95

100 FOR I=1 TO 4
105 FOR J=1 TO 5

PR. "INPUT THE ELEMENTS OF MATRIX A"
FOR I=1 TO 4

FOR J=1 TO 5

INPUT A(I,J)

NEXT J

NEXT I

PR. "NOW INPUT THE ELEMENTS OF MATRIX B“
"FOR I=1 TO 4
FOR J=1 TO 5

Input Matrix A

INPUT B(I,J) Input Matrlx B
NEXT J

NEXT I. o e - o
FOR I=1 TO 4 ‘ ~ 'l This segment of the program
FOR J=1 TO .5 - ; adds each element of B to the
c(r,J)= A(I, J)+B(I J) = | corresponding element of A,
NEXT J = .. : .| and puts the sum in the cor—

‘NEXT . ' i=‘respond1ng p051t10n of Matrix C
.PR. "THE SUM MATRIX IS: ‘ . . v

110 PRINT C(I,J); .. - . . ‘This prints out ‘the Matrix:C
115 NEXT J . . .. . _ ¢ | which contains' the sum elements

120 PRINT
125 NEXT I
130 END

erte a program to calculate C=A+B for matrlﬁes that

can have a'xislze up to and 1nclud1ng 10 rows and 10 columns.

HINTS- , y AL :
ans Dlmen51on A, B 'and C as 10 by 10

| ‘ﬁ;'”Allow;the user to 1nput the number of:ROWS
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2222222222222222222227?
CHALLENGE PROGRAM #2
222222222222222222222?
Test the above program on your own 10 X 10 matrices.
2222222222222222222227?
CHALLENGE PROGRAM #3
222222222222222222222°?

Write a program which inputs a Matrix A-and inputs a

scalar factor J. The program should output the Matrix D

which is the scalar product of J times M, i.e.

_ MATRIX*'” "SCALAR

THIS IS A
SINGLE NUMBER

THESE ARE ARRAYS
OF - NUMBERS

Test this program on the Hot Dog Problem on page 6.

Catedz; But the mathematlcs:xand;“"'  ;1:g) 1s no harder

:a,gWeww1ll throw in. some technlcarfw

language 1 this problem Whlfh‘}lllﬁmake‘lt aDEear compll—ﬁ
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The chart below shows the observed frequency values

found in a series of pathologically verified cases of ulcer

*
and cancer of the stomach:

Achlorhydria | Hypochlorhydria | Noxrmal | Hyperchlorhydria
Chronic Ulcer 3 7 35 9
Stomach Cancer 22 2 6 0

The expected frequency values are given in the table E

below:

Achlorhydria | Hypochlorhydria |Normal | Hyperchlorhydria
Chronic Ulcer 16 5.8 26.4 5.8
Stomach Cancer 9 3.2 1l4.6 3.2

These tables can also be represented as matrices:

—
F= 3 7 35 9] (observed values)

22 2 6 0

(expected values)

16 5.8 26.4 5.8
9 3.2 14.6 3.2

For statistical purposes we would like a,table showing'the

This

differences between the observed -and-expected values.
means'that.you‘should‘modify‘YOer?prcgram{to-Output”the
matrix F-E.

'HINTt-'AS‘yeuVmight*gﬁeSS;well you have to do

is modify the matrix- addltlon program on page -9 so- that line

' 80 uses a 'mlnus 51gn' ( ).

(Also change line 95.)

See the book "Facts from Flguresicky ‘M. J. Horoney, pp. 246-270.

13
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Partial Output for Program #4

i -13.0 1.2
} F-E=

P222222222222222222?227?
CHALLENGE PROGRAM #5
777020227021 02220702222
Modify the above program so that a matrix of relative
differences between observed and expected values is printed

out, followed by a matrix of pexcentage differences.

Example for cune element: (let's take the first row, second

column)
F(l,2) = 7 (obsexrved)
E(1,2) = 5.8 (expected)

The relative difference by which the observed value differs
from the expected value for these particular elements is

calculated by dividing the difference between F and E by E:

(7-5.8)/5.8 = 0.20689 = RELATIVE DIFFERENCE

The percentage difference is obtained by multiplying
the relative difference by 100:

0.20689%100 = 20.689% = PERCENTAGE DIFFERENCE

Now go ahead and do this for all elements in the matrices,

=
using the computer as Bﬁggested'on.thg next page.

i4
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HINT 1: Modify line 80 (p. 9) so that the Matrix C

will contain relative differences.
c(x,J) = (F(x,J3)-E(XI,J))/E(X,T)

HINT 2: PFor percertage differences do a scalar multi-
plication by 100. You can use the Matrix C “"over again"
(after printing the relative difference) by letting C(I,J) =
100+C(X,J) within a FOR loop.

HINT:3: Since you will want to print out two matrices
(relative differences and percentage differences), but since
they both will be called C (see HINT 2 above), it would be
a good idea to put the print statements in a sub-routine as

follows:

INPUT E and P

PILL THE MATRIX C
WITH RELATIVE DIFFERENCES (See HINT 1)
GOSUB 800

FILL THE MATRIX C
WITH PERCENTAGE gIP?BRENCBS (See HINT 2)
UB 800




Matrix Multiplication

PROBLEM —
B c * means Matrix
Multiplication!!?

1hat means I have to
uge real number multi-

O ww
NOoa D
@ N
ou N
YRR
w W W
W W W

SOLUTION
plication
Step 1. B («) and
. R addition
A (+) in
Just the

right way.

A_.:.-
5 4
3 9
6 2 ?]
?
?] L
Step 2. § B

I TEINK I could
use a computer...

* :&‘{:“&.1.’: ..'-'- v ‘\}'-1' \‘%.&W?‘" AR
*, p " 'ﬂ#{& o, — \‘:‘.5:3-:!':. ‘l‘gx%\‘ﬁ.-.w& .
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PROJECT SOLO / Dept, 0o Computer Science / Univ. of Pittsburgh(15213)
Frank Wimbenly|(PS) / Module #0035
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MATRIX MULTIPLICATION

INTRODUCTION
The need to develop a compact notation for manipulating
systems of linear equations led 19th century mathematicians
: to the discovery and use of matrices. (Deep quesition: Axre
mathematical concepts discovered orn invented?) For the def-
inition of a matrix and a.diSCussion of matrix addition and

multiplication of matrices by scalars see the modufe "ELE-

MENTRAY MATRIX OPERATIONS". The present module is a presen-

tation of another important matrix operation--matrix

multiplication.

Multiplication of matrices was first suggested by re-

search in the theory qf linear equations, but it has turned
% out to be an important concept for many other applications,
including mutivariate statistics {used by all social scdien-
tists), analysis of communications within a group (sece
modute 0045 "COMMUNICATION MATRICES"), electrical network

problems, and mathematical models in psychology and economics.

Let's start with a SPECIAL CASE: Multiplying A Matrix

by a Vectonr.

Consider the following set of three linear equations

in threse unknowns:

4x, + 7%, * 12x, = 95
-3xl + 2x, + l0x3 = .58

L 4+ 8% + b5x = 121
llxl 2 3
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Matrix multiplication is defined in such a way that the
above set of equations can be expressed in compact matrix
form as follows:

A* X =8B
Where: 1. "*" is the symbol for matrix multiplication
2. A is the matrix of coefficients |

4 7 12

A= 3 2 10
11 8 5

3. B is the column vector of constant terms.
A column vecton is a matrix with onty one
column, ‘

[95

B = |58
121

4. X is the column vector of unknowns.

NOTE: Since X i4 a matnix its éﬂéﬁentéﬁzASuﬂdthdve two
" subscripts--the §inst fon the row and the second
gor the aoﬂumn—-that Lé, At&&ctﬂy Apeak&ng we
shoutd wn&te ' ‘ :

But ALHGQ thene L5 onﬂy one aoﬂumn the&e Ahouﬂd be ;
no . aonﬂub&on Lﬂ we . dnop the Aeaond (aoﬂumn) Aubéaant
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Notice that the product of a 3 x 3 matadix and a 3 x 1
matnix {column vector) is a 3 x 1 matrix (column vecton)
which is formed as follows:

Multiply each number in the §4i14% now of A by the cor-
responding number ({irst by {4irns%t, second by second, thinrd
by thind) in the {414t column of X (Zn Zhis case X only
has one colLumn) and add these products. This gives the

number in the first row and first ceolumn of A * X,
) ' now 1 column 1
now 1

211 312 13| »  [Fp] =131% * 2%y t a13%;3
ov . . .. x2 ‘ : - ‘ - | o
- - - X . * “o _ . ] : .
 column 1 '

Do the same for the second now of A and the §inst, and
only, column of X to determine the number in the second
‘row and first column of A *X. That is:

now 2 coliumn 1

+a222+a X

row 27 123%3

‘ : f} cofumn 1 - o B
| Flnally the number 1n the-th&&d how and the 6Lnét cokumn

of A * X is computed as foliows-;V“

row 3 a31 ;q32 {>:£E¢[

32 2 as33¥ 3
now 3 cdkumn 7

-




To repeat the final result:

A b . A*X
a1 2 23| o (*i| a11¥ + 33X + A%
a21 a22 a23 * x2 = ale ‘+ a22x + 3.23X
a3l ‘ a32 a.33 X3 ce a3lx + a32x + a33x

NOTE: To keep track of what y¢u are doing, At is sometimes
helpful to point to the efements that are being
multiplied. o S '

For ekample, whenvyou are'compﬁting the number in row 2

column 1 of A * X -above, -

Your Left hand points fto: B B Younfﬂigﬁ# hand pointéftoi"
a21 %22 %23 X2
:

and you think of plaéing them}sidg°by side and combining

them as follows:
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EXERCISE 1A A*X =B

A program in BASIC which‘multiplieé 3 x 3 matrix* by , B

a 3 x 1 column vector might be organized as fbllows;

SET ELEMENTS OF B = 0 _{%aa modu&a 107 on

READ ELEMENTS OF A "ELementary Matrnix

AND X = Openatkona"
, 4
| 40 FOrR T =110 3 R
50 FOR J = 1 TO' 3 SRR
60 B(I) = B(I) + A(L, 3y * X(J)
| 70 NEXT T o
| .80 NEXT 1

with the

erte the complete program and £r

follow1ng matrlces-i*




EXERCISE 18

In the above discussion there was nothing special about

the number 3. The more general definition for multiply{hg a
N x N matrix by a N x 1 matrix (cofumn vector) is:
_ — - — _ | -
azl a22 e oo a2n * X2 = a21xl + a22x2 + .o + ‘aann
_fnl 2n2 - %nn | _?g_ Lfnlxl + ans¥; :+_ tre f qnn®n_]
Write a BASIC program which reads a number N, a N x N
matrix, and a N x 1 matrix, computes the matrix product, and
prints the result.
Programming Note: A featurne of BASIC which is useful in
dealing with matnices is SUBCRIPTED VARIABLES. 'See youn
BASIC xeference manual. You may also want to nreview
FOR-NEXT Loops. VYou will have to decide on a maximum
possible value for N and write a DIM statement accordingly.
EXERCISE 1C
Test youn program on the following data:
(a) . (b) S a
1 2 3 4 5 1 1 {21 73 84 96 o
6 7 8 9 10 2 18- 98 41 32| | o]
11 12 13 14 15 * 3 26 47 93 4l o
16 17 18 19 20 4 22 27 e 74| |0
b . = " o . T L-.. 'T .
25 5 SR
21 22 23 2 - - N.= .4
N =5

e 2R




The Genenal Case: More Than One Column

Suppose in the product A * X = B, A is a 3 x 3 matrix
~and X is a 3 x 2 matrix. Matrix multiplication is defined
so that'B,will’be a 3 x 2 matrix defined such that: .

Each . column of the product matrix B is the
column vector that you get by multlplylng
A by the correspondlng column of X.

ThlS is 1llustrated very well on the cover of th1s module
and 1t would be worth your tlme to study 1t carefully.

»For.those;who like symbols, subscrlpt etc.

3 nows. . 8y 3 * | *a1 Faz 0=

3 eoﬁumnél't ff"‘Z_chumnA“
+-a; + a

211*11 12 21

5 nows

2 coﬁumns

13 31 "ailx;sz’aiz?22‘+ a13¥32

l?zlxilﬁ 22 21 + a23 31 a21¥12-ffa22x22'* a3%32.

Matrlx multlpllcatlon 1s defrned for matrlces A and X

:_whenever the number of columns of Aglsuequal to the number

‘of rows of X. Another way toysay“

matrlx can be multlplled?byaany K x M matrix.

'matrlx w1ll be N X

- The product |

- The ruke Zo remember Ab:.

?31*33:,:_32,2;J a3y 31 31 12 * 232%22 * 333%32]
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Matrices which can be multiplied are called conformable.

Notice that it may be possible to multiply A % X but not

possible to multiply X * A.  (Can you think of an example?)
EXERCISE ?2A

Write a program which inputs three nuﬁbers N, K, M, a

matrlx A with N rows and X columns, and another matrlx B with

K rows and M columns. The program should output the matrlx
‘product A * B o | |

EXERCISE 2 B

‘-lTry your progran on those products below Wthh are conformable.

a)

N=3, K=3, M= 2
5427 "[27
398|+ [s3]= =2
6 2 1] L6 4
b) N=3, K=3,M=3
2 0 .27 1 00 |
5s36] «|orol= =2 o
718  Lloo1

. EXTRA-'An'eﬂemént‘I (in a Aet W&Ih a - muﬂt&pﬂ&catlon openatlon‘
defined on LI) Auch that I'* A = A * T A 50& any A 44 }
’caﬂﬂed a muﬂt&pﬂ&cat&ve Ld@ﬂt&ty What LA the muﬂt&pt&cat&ve»‘

Ldentlﬁy 6on N x N (Aquane)\matnrceb? What 44 the add&tlve

-Ldentrty7 ff: v fJLQCKﬁu&b RS
. [ _ AnAwenA ﬁon N z:;ﬁ;
MULTIPLICATIVE fﬁ[i'féjﬂ.gzi' ADDITIVE
Ident&ty ' é‘ 0 11

Ident&ty‘?
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c) N=4, K=4, M= 6
15 1 ;, -3 1 0 2 4 -2—
-1 3 -1 3 . 6 4 -512 8 3 _
2 0 5 6 7 6-1-3 5 9
| -7 1 3 8 _,_015 9 7 n

The ébove two matrices aré not conformable for multi;
plicatiohbin thé reﬁérse oder. Hence,‘multiplication is not
commutative for every pair of matrices. (That 448, it 48 not
trhue that A ¥ B = B ¥ A fon all matrices A and B.) But.
iwhaf if“Anéhd B are N-k:ﬁ (square) matrices? Do you think

that matrix mﬁltiplication is commﬁtative-ﬁor square matrices?

d) N=2,K=2, M= 2

e) N = 2 K= 2 M= 2 6’10"7 (d) and

| a—
N
H o
 IS—

o
=
nNow
——J

I

w

£) N=K=M=3

[1.000000 0.500000 0.333333] [ 9 -36

.} o.500000.  0.333333 0.250000] =« |-36 192

0.333333 . 0.250000 0.200000] = | 30 -180

o

Qv

What can you conclude

10

(e)?

30
-180
180
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LISTING OF A GENERAL PROGRAM TC MULTIPLY MATRICES

[ ]
o

PRINT “THIS IS A PRGGRAM TO MULTIPLY 2 MATRICES."
PRINT “THE MATRICES MUST BE CONFORMABLE & OF"
PRINT *“SIZE 10 BY 10 OR LESS."
PRINT “INPUT THE DIMENSIONS OF THE MATRIX TO BE MULTIPLIED."
PRINT "WHAT 1S THE NUMBER OF ROWS?"
INPUT R1
PRINT “WHAT IS THE NUMBER OF COLUMNS?™

INPUT C1
PRINT “INPUT THE DIMENSIONS OF THE MULTIPLIER MATRIX."
PRINT “WHAT IS THE NUMBER OF ROWS?"™

INPUT R2

120 IF R2=C1 THEN 150

130 PRINT “THE MATRICES ARE NOT CONFORMABLE."

140 GOTO 90

150 PRINT "WHAT IS THE NUMBER OF COLUMNS?*

152 INPUT C2

155 PRINT “INPUT THE MATPIX TO BE MULTIPLED."

160 PRINT "INPUT BY ROWS, ONE ELEMENT AT A TIME.®
170 FOR I=1 TO R1 : :
180 FOR J=! TO C1

190 INPUT ACI>J)

200 NEXT J

210 NEXT I

220 PRINT "INPUT THE MATRIX THAT WILL BE THE MULTIPLIER."
230 PRINT “INPUT BY ROWS» ONE ELEMENT AT A TIME."
240 FOR I=1 TO R2 -
250 FOR J=1 TO C2

260 INPUT BC1,J)

270 NEXT J

289 NEXT I .

300 FOR I=1"TO R1

310 FOR J=1 TO.C2

320 LET CCI,J)=0

330 NEXT J

340 NEXT 1

360 FOR K=1 TO C2

370 FOR I=1 TO Rl

380 FOR J=1 TO R2

390 LET CC1,K)=CCI,K)+ACI,JI*BCIsK)

400 NEXT J
“a10 NEXT 1

415 NEXT K

420 PRINT “THE PRODUCT MATRIX 1S*

430 PRINT

440FOR I=1 TO Rl

450 FOR J=1 TO C2

460 PRINT CC1,J)3

470 NEXT J

480 PRINT

490 NEXT 1

S00 PRINT

S10 PRINT “DO YOU WISH TO DO ANOTHER MULTIPLICATION?™
520 PRINT “IF SO TYPE A 1 OTHERVISE TYPE A 2.%

$30 INPUT Y

S40 IF Y=1 THEN 40

- 850 END 26
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SAMPLE RUN OF /MAT/ USING THE DATA FROM THE COVER PICTURE

:
THLIS IS A PROGRAM TO MULTIPLY 2 MATRICES.

THE MATRICES MUST BE COMPATIBLE AND OF

SIZE 310 BY 10 OR LESS.

INPUT THE DIMENSIONS OF THE MATRIX TO BE MULTIPLIED.
“?Tl!ﬂﬂlﬂﬂﬂﬂﬂ?ﬂﬂﬂ?

?

WAT 1S THE NUMBER OF COLUWIS?

3

INPUT THE DIMENSIONS OF THE MULTIPLIER MATRIX.

WHAT 1S THE NUMBER OF ROVS?

73

WAT 1S THE NUMBER OF COLUMNS?

78

INPUT THE MATRIX T0 BE MULTIPLED.

INPUT BY ROVS. ONE ELEMENT AT A TIME.

CE R LK X
= ROROVWO LM

L L XL R
SPO0UAND

THE PRODUCT MATRIX 1S
a2 SS
99 80
28 sg

D0 YOU VWISH TO DO ANGTHER HULTIPI.ICATION?

IF SO TYPE A 1 OTHERVISE TYPE A 8.
T e

»EXIT

: 27



Modute #0127

PROJECT SOLC / Dept. of Computer Science / Univ. of Pittabuagh({15213)
Emilie Baken(PS)

Finite State Automata

. 7 AClllly
== NEA

‘ This module will introduce you to a program that allows you
to study, and if you wish, influence the "personality" of a robot.

. The model that the program uses to describe the robot is
called-a finite state automaton. Pages 6 to 9 show you how to
describe such a machine (or automaton) with a diagram called a
directed graph. (See also Module #0045.)

. You will be invited to use the finite state model to describe
several other systems, and to write programs to simulate these
systems. '

WANTED--EXPERIENCED ROBOT To REPRESENT INTERNATIONAL ORGANIZATION.
MusT BE FLEXIBLE., AGGRESSIVE., ABLE TO MAKE DECISIONS. Box 1759303.

The idea of building robots has
fascinated people for a long timelX
An even more fascinating idea is to
design machines that changz in oper-
ation on the basis of "experience."

This module describes a simu-
lated version of Rob the Robot, a
computer program that behaves like
such a machine. When you run this
program, you have two choices. You
can either 'live' with Rob the way he
is, or you can help to re-shape his’
personality by giving him the benefit of your experience.

To use the program, login to the computer u§ing the instruc-
tions given to you previously, then type: -NBS . In response to
the NBS readiness symbol (>) type: RUN 106UOP /ROBOT-ROB/ .

universe. Crime-science +
(265) Channel |

* ] ]
If you want to become a robot fan, I,Robot by Isaac Asimov is a
science-fiction classic on the subject.

ERIC 28




The program will then print the following:

IN THIS PROGRAM YOU CAN CHOOSE TO:
l) 'LIVE®' WITH ROB AS HE IS;
.2) CHANGE FROB'S PERSONALITY IMMEDIATELY;
3) CHANGE ROB'S PERSONALITY AFTER 3 MORE USERS CHOOSE
THIS OPTION.
INPUT THE NUMBER OF YOUR CHOICE: 1,2,0R 3 ?‘“

You should then type in the number of your choice.

Then a list of one-word descriptions of the robot's moods,

treatments to be given him, and his reactions will be typed

out:

ROB HAS SEVERAL MOODS:
1 FRIENDLY

'2 INDIFFERENT

3 IRRITABLE.

4 CO-OPERATIVE

5 HOSTILE

THE 'TREATMENTS' THAT CAN BE GIVEN TO ROB ARE:
SOMEONE.« + +.. . HIM _ : L S
1 HELPS : : ’ L S
2 TEASES
3 COMPLIMENTS
4 ARM TWISTS
5 PUNCHES

ROB'S REACTION TO THE ABOVE 'TREATMENTS' CAN BE:
HE... ‘ o ‘
1 SMILES
2 'STOMPS HIS FEET
3 SAYS 'THANK YOU'
4 KICKS YOU

There are 3 optlons w1th1n the program. In each of
the cases you ll flrst be told the robot s present mood

and that he was left in thls mood by the last user of the

_vprogram. You w1ll then be asked to type 1n one of_the

treatments listed above.

H%iZEJ,'i}
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"SMILES AND BECOMES FRIENDLY

'IF SOMEONE TEASES ROB WHILE HE : IS -

LTREATMENT....COMPLIMENTS « T |
' IF SOMEONE COMPLIMENTS ROB WHILE.HE IS: & . . . - o
TRRITABLE HE SAYS 'THANK YOU' AND BECOMES ¢ OPERATIVE

“'7you VE LEF;VR

Option 1 _ ' | » »

The computer will then fequpd by printing Rob's
reactidn to that treaﬁmeﬁt and.his ﬁo¢dfwﬁi¢h'probably
changed as a result of thé-treatment giveh him}, You'll

be prompted to input another treatment to Rob in his new

" mood.  This cycle of your inputting treatments and’ the

 computer outputting reactions and next mood continues

for a total of ten inputs. Rob's final mood, that is the
mood he'il be in for the next user iS'printed'out'andﬁthe.

program ends. The 1dea behlnd runnlng optlon l 1s for you

to study (but not change) Rob's personallty.‘::fff

ARk kA ERK
3SAMPLEX
*?T??TT*

LET'S START...THE LAST USER LEFT ROB IN A FRIENDLY’MOOD
NOW . TYPE IN A 'TREATMENT' ...,'7HELPS : ,
WHEN SOMEONE HELPS FRIENDLY ROB, HE

TREATMENT...?TEASES

CO-OPERATIVE HE STOMPS HIS FEET AND BECOMLS “NDIFFERENT

TREATMENT.;.?TEASES

OUR INDIFFERENT ROBOT. STQMPS HIS FEET AND BECOMES
IRRITABLE, WHENLSOMEONE ‘TEASES HIM.;;_;; B

GdopfﬁyElvﬁ;;;g RR s S



Option 2 : e ‘(._,g;
After typlng in a treatment you w111 be prompted to also
Tlnput a reactlon and a mood from the llStS.’ These are
what'y;ﬁ expect the robot s responses w1ll be. The ‘com-
‘puter will respond by pr1nt1ng agree -.or- 'd1sagree fol-
1owed by Rob's presently programmed reactlon and next
mood. Agaln you '11 be prompted to 1nput a.- treatment to
the robot in his new mood,and the cycle repeats 9_more
vvtlmes. H '
When you type in yoar expected responses- you re sug-
;éestlngsreforms to;BobFs_personallty.wh1ch cnanges accord-
ﬁgningttoﬁthesemsuggestions. After the tenth cycle, you're
~ygivén.the»Chance to see the 'reformed! Rob. in actlon-yﬂThe
a-;program contlnues as if- you had chosen optlon l, thatgis-
a;you re: prompted to Just 1nput a ser1es of. treatments. . Here "
w:wyonﬁhaye the,ohanoeito,jllveiEwrth_Rob»andmhls changed~mays.,.
WLET'S START...THE LAST USER LEFT ROB IN AN IRRITABLE MOOD.
. NOW. TYPE IN A 'TREATMENT:" ...qa?HELPS;;w '
EXPECTED REACTION... SAXS,'THANK YOU' ‘
‘fEXPECTED MOOD...?FRIENDLY P : : ‘
.DISAGREE -~ 'ROB'S" 'PROGRAMMED PERSONALITY INDICATES THAT

_&=KOUR IRRITABLE ROBO * 'SAYS.: !THANK: YOU‘HAND BECOMES
- CO—OPERATIVE WHEN SOMEONE.HELPS HIM.IN

“F}TREATMENT..L?TEASES S
. EXPECTED REACTION...?STOMPS FTS FEET
.;EXPECTED MOOD. ..?IRRITABLE : ‘ S ORI
. ‘AGREE. ~~ -ROB'S 'PROGRAMMED' PERSONALITY INDICATES THAT o
OUR. CO-OPERATIVE. ROBOT STOMPS, HIS FEET" AND BECOMES
-IRRITABLE WHEN7SOMEONE‘TEASE HIM. '




TREATMENT. . . ?HELPS

EXPECTED REA/TION...?SMILES

EXPECTED MOOD...?CO =OPERATIVE ‘
'DISAGREE. ROB'S 'PROGRAMMED' PERSONALITY INDICATES THAT
IF SOMEONE HELPS ROB WHILE HE IS - : R
IRRITABLE HE SAYS 'THANK You' AND BECOMES FRIENDLY

LET'S SEE WHAT THE 'REFORMED' ROB IS LIKE.

" ROb IS NOW FRIENDLY'

TREATMENT...?COMPLIMENTS e e e
WHEN SOMECNE COMPLIMENTS FRIENDLY RUB,‘HL
- SMILES AND BECOMES FRIENDLY o -

WOEtlon 3
After typlng in-a" treatment agaln, as 1n optlon 2
'you w1ll be prompted to 1nput a’ reactlon and ‘a’ mood from

1theM11sts1 Then you ll be prompted to 1nput a treatment

"to the robot 1n h1s ‘new mood and the cycle repeats..»After"'

‘“3ten 1nputs vour expected responses w1ll be recorded on a

‘file.f They w111 be saved so that the robot s personallty

'vf”can be changed to conform to the 1nfluence of a gro p of E

suggestlons, in other words to»"soc1al pressure.,_;}ff_

L 'LET'S START...‘:"', AST
* . NOW_ TYPE IN A "TREAT}




TREATMENT....PUNCLES, .
THERE'S SOME MISUNDERSTANDING OR MISTYPING.

TREATMENT. . . ?TEASES
EXPECTED ‘REACTION....2STOMPS 'HIS FEET

. EXPECTED mODD....IRRITABLE -

AGREE. : + - ROB'S 'PROGRAMMED" PERSONALITY INDILATES THAT
IF SOMEONE TEASES. ROB ‘WHILE HE IS

CO-OPERATIVE HE- STOMPS HIS FEET AND BECOMES IRRITABLE

TREATMENT...?COMPLIMENTS 1 fi~* el b e
EXPECTED REACTION...?SAYS ' THANK YOU' o
.EXPECTED- MOOD....CO—OPERATIVE DR T A ALEE
DISAGREE. ~ ROB'S  'PROGRAMMED' PERSONALITY INDICATES THAT
WHEN SOMEONE 'COMPLIMENTS IRRITABLE ‘ROB, HE RS

V’SMILES AND BECOMES FRIENDLY

.PLEASE WAIT UNTIL THE COMPUTER PRINTS A 'GoonaBYE';i
 PLEASE WAIT L

'YOU VE LEFT ROB FRIENDLY

LOGON AGAIN. AT A LATER DATELTOlSEE IF ROB HAS CHANGED ANY.,
'GOOD—BYE' R

Rob's personallty 1s descrlbed by what computer scuen—i-t

ktlsts call a flnlte state machlne., A cequentlal flnlte

’.state machlne cons1sts of a.Flnlternumberfof states (moods),*‘

.lnputs (treatments), and outputs (reactlons)?fﬂThe outputs

_y(reactlons) depend on what lnput (treatment,ffff”“';%ﬁ




graph* with a few labels on each directed line. Let's
look at Rob's one time personality by drawing its state
diagram. ‘

In Rob's state diagram each mood is represented by
a circle in which is written the name of the mocod. A
directed line is drawn from one mood to another to reére-
sent a change from one mood to the other (the next mood).
Since the next mood also depends on the treatment given

in that mood, the treatment is written on the directed

line.
PRIENDLY PUNCHES 3
Treatment .
Present Next
Mood ~ Mood

In some cases the mood does not change. This is

represented by:

FRIENDLY HELPS (Treatment)

(Present
Mood)

*See the module "Communications Matrices" for other examples
of directed graphs. (Module $#0045)
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. Since Rob's reaction depends onvhis-preeeﬁt mbod and
treatment, his reaction is also prlnted on the dlrected
line next to the correspondlng treatment and present mood
FRIENDLY _JNCHES/STOMPS HIS FEET
Trneatment/Reaction , _
Present R o Next
Mood = 3 Mood _
Rob's orlglnal personal;ty LS partly descrlbed by the
program below: CKS YOU
~ - | . TEBS1S/K1
You'
| COMPLIMENTS /SAYS
. . : JTHANK YOU' Lo
FRIENDLY [N e INDIFFERENT |
PUNCHES /STOMPS R .
HIS FEET ‘ : TEASES/
: : ; 571" : KICKS YOU
HOSTILE
CO-OPERATIVE fg=—————— | IRRITABLE '
L R N O
Can you wrlte in the m1551ng treatment/reactions’
O

ERIC | e
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TREATMENT....HELPS

¥SAMPLE XCOMPUTER EXCHANGE AND FLOW ON STATE-DIAGRAM

OUR CO-OPERATIVE ROBOT SAYS 'THANK YOU' AND BECOMES (:)

FRIENDLY WHEN SOMEONE HELPS HIM

TREATMENT...?PUNCHES
IF SOMEONE PUNCHES ROB WHILE HE IS

FRIENDLY HE STOMPS HIS FEET AND BECOMES HOSTILE

TREATMENT...?PUNCHES ‘
WHEN SOMEONE PUNCHES - HOSTILE ROB HE
KICKS YOU AND BECOMES IRRITABLE- '

TREATMENT . . . ?COMPLIMENTS
IF SOMEONE COMPLIMENTS ROB WHILE HE IS

IRRITABLE HE SMILES AND BECOMES FRIENDLY

TREATMENT...?COMPLIMENTS

WHEN SOMEONE COMPLIMENTS ERIENDLY ROB HE

SMILES AND BECOMES FRIENDLY

YoU'vE LEFT ROB FRIENDLY L

coMPLIMENms/SmILps;;.Lfa,»

'FRIENDLY

 HELPS/SAYS
UTHANK You® /

|\CO-OPERATIVE

@

®
®
®

| IRRITABLE




Now try YOur hand at designing models which can be

‘represented by state diagrams.

P???22222227?

?PROBLEMS
9333?????59

l. An organism is excited by stimuli of 2 types--
"positive" and "negative"; the organism shows no reaction

to negative stimuli and reacts to alternate positive stim-

,uli;
'The inputs are: positive stimulus, negative stimulus.
The outputs are: reaction, no reaction.
The states are: reaction to last positive stimulus,
no reaction to last positive stimulus.

Draw the state diagram to illustrate this situation.
% % % %
.:SAMPLE*SOLUTION
EEXEXIEZEER]

NEGATIVE STIMULUS/ ' NEGATIVE STIMULUS/

NO REACTION NO REACTION

‘DO NOT
REACT". TO
AST POSITI
STIMULUS

. |  POSITIVE STIMULUS/
REACT TO NO REACTION
|uasT PosITIVE —

 STIMULUS

POSITIVE STIMULUS/
C - ‘ 44 REACTION
*The problems given here are taken from-Introduction to the
Theory of Finite State Machines'by Arthur Gill., Because they
were meant for "hand” solution, they are not- too interesting.
- Readers who contemplate 51mulat1ng ‘these systems on computers
Q (see problem 4), should flrst 1mpr0ve“ the problem
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2. The direction of motion of a motor-driven wheel
is controlled by a 2-position switch. The right position
causes a clockwise rotation of the wheel; the left position

causes a counterclockwise rotation. Each time the wheel

!
|
!
i
i
i

changes direction, an indicator lamp flashes.
The inputs are: right position on switch, left posi-
tion on switch.
The outputs are: Lamp on, Lamp off.
The states are: Clockwise rotation, counterclocxwise
rotation.

Draw the state diagram to illustrate this situation.

3. A freight elevator serving a 3-story warehouse with

a call button on each flodor operates according to the rules:
If a single button is pushed, the elevator moves to the
floor on which the pushed button is located; if 2 or 3 but-
ton; are pushed simultaneously, the elevator moves to the
lowest calling floor. No button can be pushed when the
elevator is in motion.

) This operation can be represented by the basic finite-

state model. Enumerate the inputs, outputs and states.

Draw the state diagram which represents the situation.

4. Study the listing and explanation of the program
/ROBOTfROB/ on the next few pages, and then write a pro-
gram to simulate either the elevator in problem 3, or an

elevator of your own design... (or some other systeml)

11

FOR COMPUTERNIKS
ONLY

33
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4.3 PROGRAM DESCRIPTION (TECHN1CAL ASPECTS)

4.31 Exchange Between Files

The coding of the program was done in the NEWBASIC lan-
guage of the Com-Share system. The main program ROBOT-ROB
manages several data and program files. Figure 5 shows
diagrammatically the exchange between program and data files.
ROBOT-ROB is the controlling program until the MODIFIER pro-
gram file is accessed (a in Figure 5). At that point the
MODIFIER program controls the opening, reading from (b in
Figure 5), writing onto (¢ in Figure 5) and the closing of
the data files.

The main program initially reads from the DATA and
Q-W-MAT data files. DATA is a symbolic file on which is
stored the alphanumeric representation of the moods, treat-
ments and reactions. Each set of information is read into
a different string array. Q-W-MAT is a random access file.
On it is kept the elements of the Q-array (the next mood

%n*), the w-array (the reaction % + the index
number of the last mood in which the robot was left (M1),
the number of users who have chosen option 3 (2), and the
number of users who must choose option 3 before the modi-
fication takes place (N). The random access file is used

even though it is read sequentially because the system does
not permit writing on a symbolic file without destroying

R ]
See section 4.2.

39
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EXCHANGE BETWEEN FILES

ROBOT-ROB

T - Q-W-MAT

Z = Z+1

ML

tion 3
@ MODIFIER

Option 3

Option 3 (©

it
40 Figure 5




information previously written. The random access file
allows writing and re-writing at specific locations without
destroying the information at other lccations.

The program files C-DATA and C-Q-W-MAT were used to

initially write the two data files. A listing and sample

execution of these programs and a listing of the data files

created are shown below and on the following pages.

~COPY /C-DATA/ TO TEL
5 STRING AC10)» BC10), CC10)
10 PR."TYPE IN N1%3
15 INPUT N1
20 INPUT ACI)> FOR I=1 TO NI
25 PR."TYPE IN N2'‘3
30 INPUT N2
35 INPUT BC1) FOR I=1 TOD N2
40 PR."TYPE IN N3"3
45 INPUT N3
S0 INPUT CCI) FOR I=1 TO N3
55 OPEN /DATA/ FOR DUTPUT AS 2
60 PRINT.ON 25, N1 °©
FOR I=1 : A
gg PRINT DNTg.NA<1> | ~ Creates /DATA/ file
75 NEXT 1 ‘ o
80 PRINT ON 2, N2
85 FOR I=1 TO N2
90 PRINT ON 2,B(l1)

‘95 NEXT I

100 PRINT ON 2, N3
105 FOR I=1 TO N3
110 PRINT ON 2, C(ID
115 NEXT 1

120 CLOSE 2

125 END

L.
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>RUN"/c}nATA/~

TYPE IN N1 75

?FR

IENDLY -

2INDIFFERENT
?2IRRITABLE

?C0

-O0PERATIVE

FHOSTILE = -

TYPE IN N2 25

PHELPS o : s - : :
2TEASES ' . /DATA/ as used in the
?COMPLIMENTS © . .main program: ‘
?2ARM TVWISTS ‘ :

?PUNCHES

TYPE IN N3 1?4

“?SMILES _

?2STOMPS H1S FEET -

2SAYS *THANK You*

?KICKS YDU

COPY /C-Q-W-MAT/ T@ TPT

51
10
15 p
20
25 P
30
'35
40
45
50
55
60
65.
70"
75
80
- 85
90
95
100
105

110

115

120

NTEGER Q(5,5),W(5,5)" 0 B
INTEGER % N1 ,N2,N3 g~ ) —wi ’M)

/N2

fgpg INZ 37
INPU '% /N1,N2,N3 AR dqg;g%ﬂg)
. "INPUT Q—MATRIX (NEXT STATE "
F¢R I=1'T@ N1 - . e

‘INPUT Q(I,J) 'FOR J=1 T¢ N2

NEXT I YV\APPING
PR.PR."INPUT W—MATRIX “(RESP@NSE Ezs)".
FOR I=1 TP N1 .

INPUT W(I,J)} FOR J—l ¢ N2
NEXT I

OPEN /Q-w—MAT/ RAND¢M FUTPUT 2
L=§O

PRINT @N 2 AT L: M ﬁ,,Nz N3
L=806

FPR I=1 T¢ N1

PRINT @N 2 AT L Q(I J; FQRTJ=1 T¢_N2
NEXT I : o ‘ ,

FOR I=1 T¢ Nl S o i
PRINT @N. 2 AT L: W(I J) FOR J— 1 T¢ N2
NEXT .I

CLOSE 2

END

et s T D RS TINE

e
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~CREATE /Q-W~MAT/
-NBS

VER. MAY 23 13-:01
>RUN /C-Q —W—MAT/

™M,
TYPE IN % isl:l. N2,N3

2 0605 5

0 55 4 \
INPUT Q—MATRIX ({NEXT STATE Fﬁgg;fék)
21 31 3 2
24 21 35
?4 54 5 5
21 31 3 2 : :
24 525 3 -

91

INPUT W-MATRIX (RESP¢NSE Fﬂﬁefi )
?3 4 l 4 2

21 4 3 2 2
23 21 2 2
23 21 2 4
21 21 2 4

- The data file~Which;is-opened_fornoutput-under option'
-3;is:RECORD.~ It is“a.random_aeeess'filefon-which-isareeorded
- the user?svexgectedireactionsfand,next‘moods,forwthe robot.
_ These’expected3resp0nses-arewrecordedﬁalong"with'the'corre—"
»rspondlng present mood—treatment comblnatlon wh1ch elicited .
»rthe;expectednresponses.- The data is: structured as-a‘- set of
fNi*NZleinkedrlrsts; ;Eachwelementyef:the.llstahas:s,flelds:
‘ aﬁresent'meodt"?Vﬂ e R
treatment S coT —
L voexXpected: reactlon R g‘,gi:j;‘, O

expected next mood
11nk . ; RESH

N
L

Nl 1s the total number of moods and N2 1s the number cf
treatments. ,Nl*NZ represents the number of all poss1b1e
.mood-treatment comblnatlons.: o
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When initially. constructed by the rogram am C- RECORD only

oF o listelomant remouning

; \_,_,———/’_—

the first 2 flelds are given a "value of 0.  When initially

written the RECORD file looks like:

1 1 o0 0 0
1 2. 0 0 0
1 3 0 0 0
1 N2 .0 0 0
N1 N2 0 0 0

A "free space" location counter (L3) is‘set»at lcca-
tion 0. Its value is‘5*Nl*N2+l, thehlocation'of the first
field after the last link fleld. F .
| When a user: has chosen optlon 3 and he encounters a
certaln mood—treatment ‘combination, the approprlate list is
nlocated ‘and the numbers correspondlng to his- expected re-

f‘sponses are: wr1tten in- the reactlon-—next mood f1elds,_1f

- free. If these locatlons are- not free because he or anotherv

‘user “had- encountered thlS mood treatment comblnatlon pre—_

sgviously, the llSt 1s sequentlally searched for’lts last

element; Then the locatlon of the next freeﬂs

ten 1nto the llnk fleld of th1s element.an

, tlon is wrltten nglnnlng at the free_locati

'other element to thls llst.~ Then the free space locatlon

,ﬂcounter is. 1ncrementedh '8 5.;‘d

e 1s wr1t- .

zaddlng an-v;lJm'



- 25;PP."L3— "-Ls

18

“A listing of C-RECORD which creates the. RECORD fl‘e

. is glven below-

S INTEGER Is»J,KsL

6 INPUT N1,N2

10 X=0 LET L=} L -
15 2PEN /RECARD/ RANDZM QUTPUT 2
20 F@R I=1 T@ NI - : :
25 FOR J=1. T® N2 L

30 PRINT @N 2 AT L: I»J5KsKsK

35 NEXT J i

36 NEXT 1 o o v
40 K ‘Nl*Nz*s +1 T

45 L=0

SO PRINT ON 2 AT LiK

55 CLASE 2 -

6Q‘ENDJ'

Its only 1nput (11ne 6) ‘are- Nl the number af moods.-
and N2, the number of treatments._- .

.The follow1ng program reads from the RFCORD Lle and prlnts

the)values of: each set of 1nformat10n. Thls program was comﬂ_tﬁ

‘posed just to read from the RECORD flle for thls 1llustra-~7

. oo s . . . s ) . o N
5 IMTFGER ACE25) 5 L» Ls_--'. =
10 2PEN /RFC@RJ/ RANb@M INPUT s
15 L=0.
20 INPUT FR@M 8 AT L L3

j‘.O?L-l"u. o

.35 FgR-J=1 Tz L3-1. SRR
.40 INPUT FROM 8 AT [ AcJ);ﬁ;?J
45 NEXT J

.so,CL@sr g AT
S5 FPR I'=1. T@ (LS 1)/5
'_6U;PR1MT A(J). F@R J=i
765 PR. '

e L a3 S L ke e o i S e e i AR gy gt e

BT A N S h e R B 1B TR TR YN T
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location of next free space
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4.32 The Modification Process

The last file that the main program controls is a
program file, MODIFIER. After the expected responses of
the user who had chosen option 3 are written onto RECORD,
the program checks if the specified amount of data has been
collected for the modification of the program's mcdel. If
so, the main program loads the MODIFIER program and initiates
its execution.

- It reads in the present values of the Q-array (next
moodv¥zggggﬁh) and W-array (reaction Qgﬁﬂiﬁgh) from Q-W-
MAT. Then for each of the possible mood-treatment combina-
tions (which is a total of N1#N2) it reads all of the ex-
pected responses ‘next state and reaction) that have been
recorded for the ~ombination. |

If the numbe. of times a particular reaction is recorded
is one-half or more ﬁimes the total number of times the
mood-treatment combination has been encountered, the value
of the corresponding W-array element is changed tothe value
of the recorded reaction. The same criteria is used for
changing the elements of the Q-array, using the recorded
(expected) next moods.

The new values of the-Q and W arrays are written onto
the Q-W~MAT file overwriting the previous values. The "num-
ber of users"” counter (2) is reset to 0 as is the "number |
of users required to effe.. a modification"” counter (N).

The RECORD file is erased and recreated as in C-RECORD, al-

though this process is now a part of the MODIFIER program.

47 -
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A listing of the MODIFIER program is given below:

AaPY /MADIFIER/ T3 TFL
NARMAL M@ODE IS INTEGER

S INTEGFER 0€Ss»S5)»W(555),UC10)>TC10)
6 REAL C ,

10 BPEN /80-W-MAT/ RANDOM INPUT AS 2

15 L=3 -

20 INPUT FRBM 2 AT L:N1,N2,N3

30 EaR I=1 TO N1 » .

35 INPUT FR@OM 2 AT L: QCL,J) F@GR J=1 T2 N2

40 NEXT 1

45 FOR I=1 T@ NI ‘

SO INPUT FROM 2 AT L: WCI,J) F@R J=1 T@ N2

55 NEXT 1 ' ‘

6 R

O CL@SE 2 ' T
63 PR. PR."PLEASE WAIT UNTIL THE COMPUTER PRINTS 'G@@D-BYE'*
6% GPEN /REC@ZRD/ RANDOM INPUT AS 23 :

70 L=0O '

75 INPUT FROM 3 AT L:L3

85 FOR I=1 T% N1

90 F@R J=1 TO N2 ,

91 LET TCI1) =0 FOR I1=1 T@O N3 !'TALLYS RESP@ONSES
9 , _

3 LET UCI1) = 0 FBR 11=1 T@ N1 !TALLYS NEXT STATE .
95 LET C=0 !C C@UNTS N@. @F TIMES STATE & INPUT WERE ENCOUNTERED
100 L=CI-1)2kN2%S + (J=1)%5 + 1 ‘ -
105 INPUT FRGM 3 AT L: MsM1sRsS
110 IF R=0 G@TA 190 .

115 TCRY = TC(R)+1} :
1

20 UCSY = UCS)Y+1
125 C=C+1
130. INPUT FR@M -3 AT L: S2 .

135 IF SP=0 GO@T2 155
140 L=S2+2 o

145 INPUT FROM 3 AT L:RsS

150 GATA 115 v o
155 C=+5+C ‘

16
16
17
17
18
18
19
19
20

0

O FOR I1=1 T3 N3 !CHANGE RESPONSES

5 IF TCI1)>=C LET WCI,J) =11, GO@T@ 175
0 NEXT I1 : . E
S FOR I1=1 T@ N1 !'CHANGE NEXT STATE

0 IF UCI1)>=C LET QCI,Jd>=I15 GAT?2 190

S NEXT I1 '
0 NEXT J

S NFXT I

0 CLOSF 3

S5 APEN /Q-W-MAT/ RANDOM @UTPUT 2

AR




210
212
215
220

225
230

235
240
245
250
25¢E
260

CLweS
270

275
280
285
290
295
300
305
310

=315
320
.. 325
£330

L=1 .

Z=0 LET N=0

PRINT AN 2 AT L:Z,N
L=6

FAR I=1 T9 NI
PRINT @N 2 AT
NEXT I

FAR I=1 T® NI
PRINT ON 2 AT
NEXT 1

CL2SE 2

K=0 LET L=}

APEN /RECORDZ

L: QCI»J) FAR J=1 TO N2

L: WCisJd) FOR J=1 T@ N2

RANDOM QUTPUT 4 -

ERASE 4 FR2M O T2 L3

‘F3R I=1 T@ N1

FOR J=1 TO N2
PRINT &N 4 AT
NEXT J

NEXT I
K=N1+N2+5 + 1
L=0

PRINT ON 4 AT

‘CLASE 4
‘PR« PR+"LOGON

PRe"GAZD-RYE"
END: - '

LeIsJdsKsKsK

LeK

AGAIN T@ SEE THE °*REFGRMED® ROBBT-RZB."

EN
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The following is a listing of the program ROBOT-ROB.

-COPY ¢»ROBOT-ROB/ TO TEL

S NORMAL MODE IS INTEGER

10 STRING A(S)»B(S)»C(S5)

1SINTEGER SC10),RC10),UC10),V(10),Q(5,5),W(5,5)

20 OPEN /Q-W-MAT/ RANDOM INPUT 2

25 L=0

30 INPUT FROM 2 AT Lt M1,Z,N

35 CLOSE 2

40 IF N>O0 GOTO 7S5

45 PR.'" ROB'S PERSONALITY HAD JUST BEEN CHANGED. IT*S NOW”
SO0 PR.'YOUR CHOICE TO DETERMINE HOW MANY USERS YOU wduLDb LI
SE PR."TO SUGGEST MODIFICATIONS TO ROB'S PRESENT PERSONALIT
6 PR."1.E.» HOW MANY PEOPLE VWILL USE THE PROGRAM BEFORE RO
65 PR."'CHANGES' AGAIN?"

70 INPUT N i

71 OPEN /Q-W-MAT/ RANDOM OQUTPUT 2
72 L=2

73 PRINT ON 2 AT Lt N

74 CLOSE 2

75 N4=aN-Z=-1
80 PR.' IN THIS PROGRAM YOU CAN HELP TO MOLD THE PERSONALIT
85 PR«"'ROB THE ROBOT' OR YOU CAN °'LIVE®' WITH HIM AS HE IS.
90 PR." WHEN FIRST BUILT HE WAS QUITE A °*BLAH' CHARACTER, R
95 PR."WITH YOUR HELP CAND OTHERS®' TOD)> ROB CAN TAKE ON A ¥
100 PR.''COMPLEX PERSONALITY."
105 PR." IN THE PROGRAM YOU CAN CHOOSE TO:*
110 PR." 1) 'LIVE® WITH ROB AS HE 1IS3*
115 PR." 2) CHANGE ROB'S PERSONALITY IMMEDIATELY3"
120 PR." 3) CHANGE ROB'S PERSONALITY AFTER *iN43* MORE US
125 PR." CHOOSE THIS OPTION."
130 PR." INPUT THE NUMBER OF YOUR CHOICE: 1,2,0R 33
135 INPUT 01
1400PEN /DATA/ FOR INPUT AS 2
14SINPUT FROM 2, N1 :
1SOINPUT FROM 2, ACI) FOR I=1 TG N1
155 PR. "ROB HAS SEVERAL MOODS:*
160PRINT I3ACI)> FOR I=1 TO NI
16SINPUT FROM 2, N2 : i
170 INPUT FROM 2, B(I) FOR I=1 TO N2
175 PR.PR. ' THE 'TREATMENTS' THAT CAN BE GIVEN TO ROB ARES
SOMEONEee e e s HIM"~
180 PRINT I3 BCl) FOR I=1 TU N2
18SINPUT FROM 2, N3
190INPUT FROM 2, C(C1) FOR I=1 TO N3
195 PR.PR. “"ROB'S REACTION TO THE ABOVE °‘TREATMENTS® CAN BE
}{E....' B ’
200PRINT I3C(CI) FOR I=1 TD N3
20SCLOSE 2

S BT T T R A e,

ek
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2100PEN /7Q-W=-MAT/ RANDOM INPUT 2

€15 L=6 ;

220FOR I=1 TO N1 -

225INPUT FROM 2 AT Lt QCl1,J) FOR J=1 TO N2

230NEXT 1

23SFOR 1I=1 TO NI

240INPUT FROM 2 AT Lt W(l1l,J) FOR J'l TO N2

S4SNEXT 1

250CLOSE 2

255 PRePR+*" FIRST YOU'LL BE TOLD THE ROBOT*S °'MOO0OD®* (HE WAS
260 PR."IN THIS °*MOOD®* BY THE LAST USERY. YOU SHUULD THEN
265 PR."UONE OF THE 'TREATMENTS' LISTED ABOVE."

270 IF 0O1=]1 GOTO 340

275 PR«"AT THAT POINT YOU VWILL BE PROMPTED TO INPUT A 'REAC
‘B0 PR."AND A *MOOD®* FROM THE LISTS ABOVE:*

-285 PR.'"THESE ARE WHAT YOU EXPECT THE ROBOT'S RESPONSE WILL
290 PR.'*THE COMPUTER WILL RESPOND BY PRINTING °*AGREE®' OR °D
29SS PR."FOLLOWED BY ROB*S PRESENTLY °‘PROGRAMMED®* °*REACTION®
300 PR"NEXT °*MOOD°®.* ° ’ T ’
305 PR." AGAIN YGU'LI. BE PROMPTED TO INPUT A °*TREATMENT' TO
310 PR."ROBOT IN HIS NEW °*MCOD®* AND THE CYCLE REPEATS.'’
315 IF 01=2 GOTO 340 - i

320 PR."AFTER 10 INPUTS YOUR EXPECTED RESPONSES WILL BE REC
325 PR.'0ON A FILE. THEY WILL BE USED TO MODIFY THE ROBOT*S*
330 PR+"PERSONALITY SO THAT HE WILL BECOME MORE AND MORE TH
335 PR."CHARACTER THAT YOU (AND OTHERS) SUGGEST.*

340 D$= LEFTCA(MII»1)

345 YS= *"LALE,1.3.U,"

350 IF IEQIV(D$,Y$) THEN LET D$="AN "+A(M1) ELSE LET D$="A
355 PRePRe"™ LET'S STARTe++THE LAST USER LEFT ROB IN *"tD$3*
3650 PR«"NOW TYFE IN A *TREATMENT'eee*$

365T=1 I1TALLY FOR NUo OF INPUTS '

370 GOTO 385

375 T=aT+1

380 PRePRe " TREATMENTee+"

38SINPUT ES '

390FOR I=1 TO N2

395 IF B(l) =E$ LET M2=1, GOTO 415

400NEXT 1

405PR«'*THERE*S SOME MISUNDERSTANDING OR MISTYPING.*

410G0TO 380 -~

415L1=QC(M1,M2) INEXT STATE

4201 =W(M1,M2) !RESPONSE

425 IF O0l=1 GOTO 455

430 GOSUB 2000

435 1IF 01=3 GOTO 445

440 LET QCM1,M2)=SC(T) LET W(MloMa)IR(T)

4451F L1=SC(T) AND I=R(T) THEN PR.'"AGREE."3 ELSE PR."DISAGRE
450 PR.*" ROB*S °*PROGRAMMED® PERSONALITY INDICATES THAT®

0]
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4550N NUM(C3) GOTO 460,475,490

460
465
470
475
480
485
490
495
500
505
510
515
520
525
530
535
540
545
‘550
$55
560
565
570
575
S80
585
590
$95

705
70
7ns
720

PR."OUR *tA(M1)¢** ROBOT **3C(1)3** AND BECOMES*"

PR.A(L1)3*" WHEN SUMEDNE *:B(M2)s* HIM."”

GOTO S00

PR,"“WHEN SOMEOME *'$B(M2)3* °*3A(M1)3* ROB» HE"
PRe. C(1)3'" AND BECOMES '3A(L1)

GOTO S00

PR.'IF SOMEONE *"3$B(M2):*" ROB WHILE HE 1S"

PR.A(M1)3*" HE *"3C(i)3' AND BECOMES "3A(L1)
UCT)=M]1 LET V(T)=M2 : :

Mi=L1l

IF T<10 GOTO 375

L2=L1

IF 01=3 GOTO 545

IF O1=1 GOTO 730 .

PR«PR."LET'S SEE WHAT THE °'REFORMED® ROB 1S LIKE."

PR.'"ROB 1S NOW *"3A(L2) ) ) )

Ol=1 LET T=0 GOTO 375

PRePR+"PLEASE WAIT UNTIL THE COMPUTER PRINTS A *GOOD-BY

OPEN /RECORD/ RANDOM INPUT 8 ’
LET L=0

INPUT FROM 8 AT L3L3

CLOSE 8

FOR T=1 TO 10

OPEN /RECORD/ RANDOM INPUT 8

L=5*N2%(U(T)=1) + S5*(V(T)~-1)+3

Li=L+2

INPUT FROM 8 AT L3S1

INPUT FROM 8 AT L13S2

IF S1>0 GOTO 635

CLOSE 8

OPEN /RECORD/ RANDPOM UUTPUT 9

L=L-1

PRINT ON 9 AT LS$R(T)»S(T)

CLOSE 9

GOTO 695 :

IF. S2=0 GOTO 655

L1=S2+4

INPUT FROM 8 AT Lllsa

GOTO 635

CLOSE 8

OPEN ¢/RECORD/ RANDOM OUTPUT 9

Lli=L1l-1

PRINT ON 9 AT L13L3

Li=L3 '
PRINT ON 9 AT LllU(T):V(T):R(T):S(T)"
L3=L3+5 o

‘CLOSE 9

IF TasS. PR«"PLEASE' WAIT"

NEXT T

OPEN /RECORD/ RANDOM DUTPUT 9
L=0

PRINT ON 9 AT L3L3

CLOSE 9

52
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725 Z=Z+1 ‘
730 PR. PRe. "YOQU'VE LEFT ROB *tA(CL2)
735 L=0 '

740 OPEN /Q-W-MAT/ RANDOM OUTPUT 3
745 PRINT ON 3 AT L:L2,2Z

750 CLGOSE 3

755 IF Z=N GOTO 775

760 PR.PR."LOGON AGAIN AT A LATER DATE TO SEE IF ROB HAS Ci
765 PRe*COOD-BYL!"

770 STAOP

775 LOAD **/MODI1siER/Z®

780 END ’

2000 PR+ *"FXPECTED REACTION+s«*2
200SINPUT DS o

2010 PRe *EXPECTZD MOODeee'3
201SINPUT ES o

2020FOR K=1 TO N3 ‘

2025 1F C(K) =D$ LET R(TX)=K,GOTO 2045
2030NEXT K

2035PR+*" NO SUCH RESPONSE"

2040GOTO 2000

204SFOR K=1 TO NI

2050 IF A(CK)=ES LET S<(T)=K,GOTO 2065
20SSNEXT K

2060G0TO 2035

2065 RETURN

03




