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CHAPTER 1

INTRODUCTION TO BASIC

1.1 THE BASIC LANGUAGE

BASIC is an coronym For Beginnerls All-purpose Syrbelie
Instruction Code. The langusge was first doveloped by Profwessocrs
John G. Kemeny and Thomas E. Kurbs at Dartmouth Collego under the
terms of o Nefional Sclenco Foundation grant, and it was first
uscd on tho General Fleciric 265 time=shoring computer systen.

It wes ordginelly intended for people who have had meo training
ror cEpericace in coupnicr work. Hoewever, 1¢ has provem o be &0
powerful yet so slmplo to Llearn thait it has besomo Vory popular
emcng profzszicnals whe ueo compulers in thelr work, lncluding
selentistes, mathepaticians, mpineses, teachers, studasbs, and
peoplo in the buglness field.

The original BASIC has bean mxpanded end this expanded versicn
is é@f@ff@d to ag FAYENDID BASIC. This text conbsins the expanded
Tergicn. Beery refersmeo o BASIC im this texbt should be
interpreted ac roferring to the czpanded version.

The WARG 3300 haz features not agvallabic en sofle compuiers.
Sines the lenpgeage presented in this tezt is intended for use on
the WANG 3300, slight modifications may bs nooessary witen urliing

BASTC programs for use on other coupulers.



.2

A _PROGRAM T4 BASIC

“

A BASIC progrom uzuslly cousisis of data being read intc the

&

computor, ezlsvilalions belng perfermed on thoe data, mad calewvlated
ansuors being prﬂ_ntrad cak. The progean itself fs shaply a series
ef typed lines, euch begimning with a Line nuwber followed by an
instyucidon or dala. The cempuber wlll cxecuts the instrection
emectly as written.

in imstrestion vesually conoists ©f a short Mnglich word
(LET, PRINT, READ, DATA), coms combinslicn of one or move constants
(23.525, 3.455p-09), woricbles (HB, F, K), matheatissl cxpressions
{A+ B - /D), amdfor nathamaticsl fumetions (LOG, COS, SAR).

Tha dnstroctions are cxscubed one ot a time L ordey of

typod.e
When progrems aro wrltien Lo the WANG 3300, sevoral ingtrictions
ey be %Tf,"\%tm on & zingle line. Ghis Peature iz nol avellablo on
cone othew cmam*@mc
BASIC progreme ers ariered inte the conpuler by mesns of e
telotype tormdnel. Thoe model 3315 telsizpo terminal provides
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a)

b)

c)

d)

e)

£}

g}

k)

i)

3

It)

1)

)

Tho capital lotiers A through 2
Tho digits 0 through 9
= Igual to

€ Leas than

> Greater than

- Decimpl poind

{ Left parcnthosie

) Right parenthesis
& Plus

= Hlnus

% Asterislk

[/ Slosh

E’é. Bockmlosh

n) ¢ Up arrow

e¢) &= Back arrow

p)

q}

r)

B)

t)

v)

)

x)

v)

s)

4

=50

1]

=2

L1

Excleaation mark

Comrag

Semieclon

Colon

Dolar sign

pound sign

Doublo quote

Single quote

At

Ampersend

Blank
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CONSTANLS

A numeric constant may consist of asg many aa eight
digits, + may be either positive or negative, and may

or may not contain a decimal point,

The magnitude of the constant must be less than 1065

' =6
and greater than or equal te 10 > o

A pumber msy he expressed as ths product of a constant

and some power of 10, The mumber 3,416 X 109 may be
expresged ag any one of the followings
3.1L16E9 ' 3.1416E09 3.143.6E+09

The numwber 3,1416 X 10~7 may be exuregsed as
3.,1426E=9 or as 3.1416E-09,

b
1]
%]
i

this type of nobation
or BE=forimnat,

Commas are not pesrmitted in consbanta. The number
1,234,567 is written in BASIC aa 123L567,

Congtants tThat are irrational numbers may be
approximated by the use of a decimal number or expressed
with Fractional exponenta. For exmmple, the number T mey
be written as 3,1h15927 or rounded to any desired number
of significant figures less then nine,

I'restiona are written as the guotient of two integers,

Complex numbers cannot be written in BASIC,



Exercises 1.3

1, Write each of the following as a refular decimal nunmber,
E

a) 3,12E+02 £) 1.542E+l
b) 8.197E3 g} 1.0B+06
e} 1.99E=1 n) 1.8E=02
d) 3.718E-0}4 i) 9.987E-3
o) L.LYE+2 j} 1.5E6

2o Write each of the following in BASIC oxponential form

uging the format #.74#Ef#, where # represents a digit.

a) ..0078k1 £) . 1.23L x 1058
b) 1,601,000 g) 8,765 x 10°%7
) J1h92 h) 1.492 X 102
d) 156,100,000,000 1) .003232 X 10
3

e) .0999Y i) B32,9 X 10~



1.1 VARIABIES

A wvariables uged to represent 2 numbsr spscified o
calculated elsewhsre in the program may be designsted
agither by a letter or by a letter followed by a digite.
Examples of such vapiables are: P H K7 My

A variable representing such a number may take on
different values during the execution of the program,

Subscripted varizbles and string variables are

presented in later chapbers,

1.5 ARIVHMEYIC OPERAY IONS

rhe symbols for the arithmetlc operatione are as followss

Operator Operation Example
+ Addition X+ 6,789
- Subtraction A = B3
* Multiplication x®Y
Division ¢/ D
P Exponentiation X492

Hotice that in BASIC letters are always wriitten
as capital lstters, Spacesg avs optional, £ + B may
be weritten as A+tB, Rabional expressions must be written
o ome line, with the numerator geparated from the

denominator by the divislon symbol /.
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Two consscutive operabor sumbola are not permitted.

=3 i =9 incorrect

=3 # (=9) correck

A positive numbher may be raised to a power that is
positive, negative, integer, or decimal,

A negative number way be ralsed to a poslibtive or
negative integer power. It cannot be railsed to a decimal
power which would produce an imaginary result.

Zero cannot be raised to the zero powar,

Division by zero is undefined and not permitted.

A mumber such as 106 may be expresszed as either
1076 or 1,086, Although either is correct, exponential
notation (E-=format)} results in greater computer efficiency.

The asterdsk musi be used whenever multiplication
i3 Intended. Although in algebra xy means te multiply
the walue of x and the value of y, in BASIC, XY has no
meaning, I multiplication is intended, 1t must be
exproegeed am XY,

' Nuwbers containing radicals musit be written with
Fractional or dacimal exponents, For sxamples:

17 174 .5

I 7w A5

w29 29F{1/3)

SAF (139 3)F (1/5) or 13T(3/5) or 13T .6



Exercises 1,5

8o

1, Write each of the Tollowing in proper BASIC notations

a)l
b)
c)
a)
e)

)

(6433

3X

a+h ¢
17.968 § 3.19

(=17.82)(=31.62)
y5

g) wb

h) xy +h

1) d + e
T

il W

1,5

I) g@é??
1) a2 + b°

a

2. Write each of the following in regular arithmetic or

algebraic notation.

a) 6872 % 91,88

A/B

3,116 # W

87.h + 63.9 = K
77.65T 3

£)
gl
h)
i)
j?

3oli56/M
U3.94X+Y§ .5

v (2/3)

A+B=C/D

=1891 s (=)2,63)
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1.6 PARENTHESES

Use of parentheses in BASIC is the same ag in
algebra.

Operations within parentheses are performed first,

For each left parenthesis, there must be a right
parenthesig, and for e ach right parenthesias there must
ba a left parenthesis,.

Parentheses may be used gven when not necemsarily
required,

A pair of parenthesss may be written within another
pair of parentheses. These are then called nested

parsnthegses., There 18 no 1imit as to how many levels

parentheses may be nested,
There are no braces or bracksta in BASIC, YNestsed

parentheses are used Instead, For example:

algebra BASIC
[a(b + ¢)1° (A= (B+C))o2

An operatiou aymbol is always required betwsen a
pair of parenthegized oxpressions., IFor example:s
(o + B)(C + D) incorrect

{4 + B)*(C + D) correck
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When tranglating fractlonal expressions into BASIC,
frequent wse is made of parpnthesesu A general rule which
may be of help 1s as follows:

1, Inclose each numerator in parenthesses,

2, Enclose sach den#@mninator in parentheses,

3, Enclose each fraction in pearemtheses.

For exampie:

algebra  BASIC

a+b

- cg""" ((a +3B8) /(¢ %D))/({& »D)/(C = D))
&

Gnﬂ

This may result in a BASIC expression having more
prarentheses than is absolutely necesgsary, but at least

the expression will be correci.
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Exercisas 1.6

Write sach in BASIC notation, using parentheses whenever

necoasary.
atbh w3
1. a +h fA '\1.?;} _.f/{:, 60 x hN 5 (IL--\,J— f!/}
[+ | | - :!
TD [a{x - F)ljj (L\t " r P v A
2 ? z /\:‘ f/ (’ \‘) - ’ s L I Ly
y = ¥ v 8 o (x + y) (}i = y) ‘ \’__w ?,r i & e -y
3o alk +m) Ax(srl) 9, d (a. + b,,j D ((A+B)/ )
@ o
bo azh 2 NS & 7
c - 4 . lc.)n @ ; 8 (/(/E‘!“ S),/;‘{j‘) /{5—‘-—}?/”%3}
5 ° aba ,.",} = E .f'j{[:- by Dj @E
= h

Oppésite sach algebraic expression below is a correpponding
BASIC expression which contains at least one error. Describe

the orror and write the correct BASIC expression,

alpsbralc BASTIC
[ ———— M PR
11, 37(j = n) 3703 = w) -
12, K2+n Kﬁi'lg g m
13. e = f /B - F/G
g A
o 7a + e 76a + o)
15, 6,9 + q) 3 AP + Q)RD 3
r . ot
16, alx + bly + )] Alx + B{Y + G))
17, olla + b)°] la + BP 3
18, 2+ b 8+ B /G +D)
c¥d | |

19. /a2 + b (a2 + BF.5
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EXPRESE TONS

Any valid combination of constants, wvarisbles,

operations and Cfunctions 1s called an sxpression,

Examples of valid cxpressions: 5,678
3,57 + P = X/¥Yp2
1234 = I3/(X + X)
A variable preceded by a minus sign is a valid
expresaion, =1 % R may be written =R, However, =R
is not a valid variable name as variable nanes rust
begin with a lettens
Exponents mey consiat of valid expressions,
Exampless:s X% (W = 3)
va(2 % X + 1)
KPp (T = 3)
Care must be taken to ensure that a negative
nmutber iz not baing ralsed to a decimal power, giving

an imaginary rasult,



1.8 ORDER OF OPERAYIONS

Arithmetic operations are performed in BASIC in
the same order they are performed in algebra:
l. Operations within parentheses are performed
first,
2. Exponentiation is then performed.,
3¢ Multiplications and divisions are then performed
in the order thej geeur Trom left to right.
Lo Additions and subtractions are then performed
in the order they occur from left to right,
In an expression auch as ~B4*3, the exponentiation
willl be performed Iirsit, and then the inverse of the
result taken, This is therefore equivalent to =(BF 3),

If (=B)4 3 is intended, it must be written as suche
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Exorcises 1.8

Perform the Indicated oprémations

answer,

1, 12 = 10 # 36

2. 49 = 6%2

3. 20+ 24 /2

he 2% 3 +h %7

5, 10+ 3 %216/
6. 2 %392 /6

7o 2%4 /82575
8. 6T2+ 3 # 10 = 50

%o
10.
11,
12,
13
ko
156
16.

and compute the final

3%t(5= 2) _

(10 = 6) = () + 3)

10 = 6 % ) + 3

2 +2%F(3 +1)
(2+2)943+1

4 #20-18 /(2 +1)f2
h % (20 - 18) /2 + 172
(2 +8) 2+20/25%.5

For exemcises 17 = 28, wrlte one of the words lexponentiation®

fmaltiplication, ?

fdivigion,?

faddition, ' or "subtraction?®

to indicate which operatlion would be performed flrst in the

glven expression,

17,
18,
19,
20,
21,
220

A+B=C=D
E'+ P/ G

(5+F) /G
D/E®F+H=H
A/ BYPX +W

A /B+C %D

23, (P+Q=R) *8

2ho (5 -1 +W)TX

25, s # 2+ T/ (V=W)T3
26. ({a = B) #C)FD +&
27, XL +Y

28. Y- XTh

For exercisges 29 = }J,0, write the name of the operation which

would be performed last in the given expression in sxercises

17 hin aau
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LINL NOMBERS

fvery program statement must be asgigned a 1ine
number from one to four digits in length., Linc nunbers
identify the lines and jindicate the ordoxr in which the
prograrm lines are to be executed by the svstem, The
lines do not have to be entered in sequence. They are
processed in order by line nunber,

Line numbers should be assipned so that there are
unassigned numbers betwsen congecutive statements,
Additional lines may then be inserted without changing
other statement line numbers. It 1z cosmon practice to
uge multiples of 10 for line numbers such as 10, 20, 30, LG,

50, ete., so that other linea may be inserted if ncoessary.

THE HEM STATEMENT

10 RisM  PROGRAIM PO 3OLVIEG QUADRATIC EQUATIONS
20 REM  ROOTS WILL NOT B CALCULATED Ii COMPLEX
30 RsH Ib ROOTS COMPIEX, FlSSAGH WILL Bis PRIIED

The EEM statement consists of a line number
followed by REM followed by any remark tho programmer
wishos to make to identify, explain, oy clarify hisas
program. REM statements may be piaced anywhers in the

progran, and e3 many may be used in the program ag desired.
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lo1l ZHE LE) SeAUEMENY

10 LEx D = B2 = h=maxC
(=B + D .5)/(23A)
(“"B = Déﬁ aS.}/CZ*AJ

i

20 LEx R1

i

30 Lk» R2
vhe LEy gtatement conalets of a line number,

the word LET, a variable name, an equal aign, and any

valid BASIC expresslon, in that order.

The syetem will aevaluate the expression %o the
right of the equals sign and assign thias value to the
variable named on the left of the equals sign,

On ths WANG computer, uge of the word IET igs
optional, kach of the above statements couild have been
written asgs
10 D = BT 2 - Lwaxc
20 R1 = (=5 + 09 .5)/(2a4)

30 R2 = {=B « D 9.5)/{234)

A LEL statement may change the wvalue of a variable
in a program. For example:
ho IET X = 3.1416
50 LEw X=X + 1
4fter the exescutlon of thess two statements, the
gystem will have changed the value of X to h.1L,16, The
value assigned to X will remain L,.1L16 until changed

oy further statements.
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Although X = X + 1 i3 a very meaningful statement
in BASIC, it is a meaningless algebralc egquation, There
is no number that X can represent that will make the
statenent true, rhis polnts out the difference between
a ILET statement and an algebraile equation.

To translate an algebraic equation into a BASIC
LET statemant:

FIRSY: Wrlite the eguation soc that the left side

consista of one wvariable whose value is
to be calculated, and so that the right
glde consists of the constants and the
variables whose values are given or can
be ecalculated,

SECOKD: Write the appropriate LET statement, being

careful to indicate sach operation, and
to wge parsntheses where neaded,

For example, the proper LEY statement for the slgebraie

aquation X = .873Lh would be
T8y = SEOEE
10 1EL X = 34,8734 = 156,789 / .08765,
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Ezercises 1.11

Compute the final value of W that would result from thé
execution of all the given statements in the following
programs:

10 IET E = 10,0

20 LE: P = 5,1

30 18X G=E + 3 & P

4O IEX B =B + 25 +

50 LE: W

it
fut
@)
&)
=

Which of the following are 1nﬂa¢id IET stetemsnta?®
Indicate ths srror ir sach such case. JIine numbers have
bzen omitted,

aj IET A =‘B 6,11169 + &

b} IEL F3 =F = 3

6) IEN =X = X % {=1)

d) Tix A/B = G % G

e) IEt X2 =48 <+ G/D

£) IEY X2 = X % 2

g) LE¢ R = =R # (1)

h) IE¢ R = =R

i) LE: =R = R

J) IEr A%B = B

kj L AB = AnB 3 I ¢F2 = = (a7 2 + BT 2)
1) LEr 3% = %2 - 9,789 a)  IBY A(BHC) =ARBrA#G
wm) IEY X3 = XP2 = 9,987 e]  IBY AL = ,5 #B3 SHT
p) IEY A = =RL + RZ 5) IELW 4+ K= K W
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3, Write z wvalid IEL statemsnt that could be used to solve
each sguation for the wvariable indicated, Bs sure %o
indicate sach operation and provide parantheses where

necessary, Ffxpress ¥ as 3.1416,

Solve forx

1, C ¢ = 2027
2, 4 A = 1ibh

2
30 1o ;"lg e MmN

3
e 8 S = lugs®
50 D RT =
6. P p=2{(h + w)
70 € ¢ = 5F - 160
80 I B o= 90_ ’5‘160
5

9. X 3% = (17.99)(21.4L)°
10, I REYP = T
- 1 1 ar r 2
12, B B (X, - Xy)
13, S s = éa
.1].!-0 Vv v = ,;?J‘-'_‘:[:LTE

2
15, P 5P = 8§ = V
6o & A = 2ldk2

19,178 TH B9

Ife A A = ih(k + o)

>
18, W W= {w ot oy)
)
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20,

21,

224

23,

25,

260

E

K

368,9 _ 187,3L9
K - 5]

e 4

R = ag" &+ bx + e

A _C

87

ox!
ol
0§

200
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For saeh algebraic eguation below thers is shown a
corresponding LET statement that contains at least
one srror, Describe the error and rewrite the LET

statement corrsctly.

a) w=g3a+bh LET W = A + B/C + D
[ d ,
b) 4 = prd IET I = PRY
6) 3x=ULx® - 2 1B 3X = L2 - 2
d) a = 3b + 2 ILE® A = 3B + 2
o) V=ab LEY V = A%B/C + G
g + 9 .
£f)] FP=(a+b)(e +d) L P=A + B % (¢ +D
g) G%(gfﬂ' LB G = (AW =1
w4 :
h) H= gcf”’a IES H + X/T9(s = 2)
g .
i} h=3=x + Iy LRy H = 3uX + 42 /(X + ¥)
x .
) X = Ly X o= (21913

e g A e S

- . i
k) A = gsls=a){s-b)ls~c]

LEL & = S#{S8=4)%(5=B#(s=C)f .5
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MULLTIPLE SEAWEMENLS

When ﬁzing the WANG computor, you may wrlte more
than one statement on a singles line, The statemsnts
are simply separated by colons,

Thig allows you to writs a program using fewver
lines. However, it is standard practice to wrlite only
one statsment per line bsacusa corrections can then be
made more easily snd rsference to an ezact statement
can ba made mors prsecisely,

the three statsments
50 IET X = 3,116 = RP2
60 IEw ¥ = X + 67,65
70 IEe Z = XP2 - Lav4§e3
nay be writken all on one line as followa:

50 IET X = 3,116 =Bf2: IFe ¥ = X + 67,653 1BR Z = X2 =l#¥p3

Remember, the word LET may be left out and spacss
may alac be left out, The above statement ccould be
written ag :

50%=3 . L I6#RT 2 :Y=N+67 0 65 s Z=R{2=L 53
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. THE PRINE SwALEMENY

100 PRIN® A, B, C

110 PRIN% D, E, F, G, H, I, J

120 PHINQ'DB E; Fs G5 H; Iy J

130 PRI

140 PRINT A+B, A%B, A$B, A#BHA B

the PRINY statement in 1line 100 above consists of
a line number, the word PRINY followed by the names of
variables whose values are o be printed out. Tha
names of che varisblies are sepevated by commas. This
ingtructlion will cause the values of A, B, and C all
to be printed out on the same line,

The teletyvewriter is divided into four print
zonas. Thes first {hree zones are 18 characters each
and the fourth zouws is 16 characters in length. (his
means there are 70 columns., Howsver, they ars numbered
0 through &9, with a new print zone beginning at 0,
18, 36 and 5},

If a PRINY statement contains more than four
variable names smeparabted by commas, four values will
bhe printed on ons lins with the rest being »rinted
orl succeasive lines, For sxample, the PRINT instruction
in line 110 above will cause the values of D, E, F and
G to be printed out on one line and the values of

H, I, and J to bs printed on the next line.
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A semicolon Tollowing a variable name In a PRINY
statement signals the system to print the next value
Inmediately following the previous one with just a

space between them, This is called packed=form, +ha

nunber of values that will be printed on a line will
depend on the length of the numbsrs. The PRING

statement in line 120 above will cause the values of
D, E, ¥, G, H, I, and J to be printed in packed-form.

4 PRINT instruction with nothing following the word
PRiNT will cauvse the system to advance ths paper one
line without printing. It is ad¢tually an instruction
to print a blank liue, The PRINY ilnstruction ium 1i
130 akbovae is such an inatruction,

A PRINYT atagement containing BASIC expresssions
will cause the 3ystem to calculate end to print the
valueg of these sxpressions, The PRINY piatemant in
line musber 1Lh0 above will caune the system to print
the valus of A + B, the value of A%¥B, the value of
AT B, the value of A%B+AT B,

The use of this type of PRINT statement results
in a shorter programn, but it hag the disadvanitage that
dhe values calculated are not stored for uszs later on

in the program,
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1.1 PRINTING MISSAGES
60 TIEvr S = 3,1416%4 (2/3)
70 Ly C = Sft2

80 PRINy VALUE OF S ISk, S5, ®VALUE OF C 1IS%, ¢

whe PRINY statement above will causge the system
to print THE VALUE OF S IS in the first print zone,
the value of S in the second print zons, THE VALUIL OF C IS
in the third print zone and the value of ¢ in the fourth
print zons,

The sygtem will print exactly what 1s between the
guotation marks, including blank spaces,

The maximum length of a print zone is 18 characters,
However, a single message nsad not be 1imitsd to 18
charactersa, When printing a longer message, the zons
boundaries will be ignored. For sxample,

90 IET X = (A4 2 + BA2)4 .5

100 PRINY W3SQUARE ROOT OF A SOUARED PLUC B SQUARED Is®, X
will eause the megsage to bhe pfinted in the first three
print zones and the value of X to be printed in the
fourth print zomne,

The camma ip a YRINL statsment causes the system
to print the next item in the next print zons, The
semicolon causes the system to skip a spacé and then
print the next item immediately. The system will not
begin printing the next item on that same line if there

is not room For it, but it will begin on the next line,



.1015.

26,

A PRINT statement megsage may contain any legal
BASIC charactsrs except quotaticn marks, One PRINT
statement may contain both commas and seriicolons,

Do not confuge a PRINT gtatemsnt contalining a
nessage with a REM statemsnt. YThe REM statement
is printed in the 1listing of the program., Lhe PRINT
statement mesgsage is printed with the output of the

program,

THE END SeALEMENL
9999 END |

wvhis is an optional stabement, indicating the end
of the program. 4t does nof% have to be the last
ezecuteble statement in a program, although it usuwally
is, I the aysgbem encounters this statement when
gxecuting a program, ityypes FWD PROGRAN and returns

gontrol of the syatem to the usser,
N
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1,16 A LEVEL, ONE PROGRAM

A typical level one program in BASIC consists

of the following:

1. A REM statement containing the programier!s name,
tha level of the progrem and the date.

2. A REM statement lndicating the tltle o? the program,

3. IET statements aszigning wvaluss o vaﬁious variables,

li, One or more LET statements in which the value of a
variahle ig calculated from the values of the other
varlabhles.

5. A PRINT statement to print the calculated values
wlth a message to indicates the names of the
variables whose values are being printed.

6, An END gtatement,.

A gample level cne program ie as follows:

10 REM  HAROLD HARRISON  LEVEL ONE 9/10/72

20 REM HAROCLD*S SPECIAL FORIULA

30 IET A = 3,1416/18L.317

LO IEe B = 8,9942 # 3.94T L

50 LEy C = B *+ 5,67 % A
60 TEy H = 442 + BF2 = (A + B)/(A = B) + C

70 PRIN®YA =3 A 6B =W By 0] =& G WF = € H

80 EWD
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Wyrite a level one program for solving one of the following

problems.

Lo

2o

3o

Calculate the interest on a $)500 loen if the inberest

rate is 9%% per yoear and the money is borrowed for
) 7 months

b) 300 days

¢} 2 years 5 months

Use the relationship I = PRY

whera I is the interest

P is the principal

R is the

T i3 the

interaegt rate per year

time in years

‘ 2
Use the Pythagorsan relaiioaship @a =g

a) o when
b) & when

¢) b when

Pind the total value of 97 nickels, 2350 dimes, 1

a

o

&

)

i

123.6971 and b = 99,2233,

Sh2,11 and b = 300,00,
1.37E11 and 2 = 1 ,59E5G,

quarters, and 321 half-dollars. ikaS;Eg

= 5e Galenlate ® when a

B

o

+b2'

1996

e 32

}

¢

a3
J



29,

5, According to the quadratic formula, if axa +bhx te=20,

then x = mbliQ/gz = liae

2a

Calculate the two values of x when
a) 3x2 + 8x + 5 =0

b) 52 + 26x + 5 = 0

¢) 8% = 2x =1

a) %% =3z =2

&) xa +x =2 =0

6, Galecuiate the distence D between the itwo points

g 2 -
P{xy,7q) and Qlupoy,) 10 D = J(X; = 2307 =+ (g = yl)P

when: the coordinstes of P and Q are
a) P(=17,=19) Q{32,56)

b) P(0,11.31) @(2.8L.22.45)

e) P(=123,456) @l(~789, =101}

1. V= Qﬁrﬂu Find the voluwme V of a sphere with radius » when

sl

¥ i1g sgural to
a} 37.897

b) @

¢} 1.87EL3

d) 8,678=09
e) 1,867 467



8, A=1+D
i+c

d

9. P =z +y
w -

I a7
10, A = vs(s

v

Galculate A when b = 27,8613
e = 19,4111

R

S R

d = ,17h21

30a

Cgleulate F when X = 831

Calenlate A when
5.55E17

a) a =

b) &

a) a

11, == a
E2)

B

H

i o33N

2

1,h21

- b (a~¢)

O O

R

4]

= als « b){s

= @) where & =

= 2,87E15 @
2 13,1897 e
= 21,121 ¢

Cglculate x when

132
= 1171

¥

!
i

%(a b + a)

i

#

1.87E2L
196643
3h,782

= 1782
= 1689
= U455

i2, FMiund the average of the numbers Iin the columi,

2] ) ‘:'1?3 ul-l_él
39.893

14283

1.87813
2.L5E27
8.39E=3
15.6

cl

-0987
1.1LE=6
189
1.56El
30
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1,17 THE Su:ART AND RUN COMIMANDS

START
10 f?
20 cowos = (program statements not shoun)
30 scveo o
RUYN
Coumands arse not a part of the program itself,
but they are rsesquests to the system to perform certain
functions, Commands do not have iine numbers, They

aye eXecuted imnadiately when enberad,

The START command Initializes the entire usger
Progyvam aréa 6f the system. removing all previously
stored program text and variablez., As goon as tThis
command 1s executaed, the system is ready to roecelve
the new program.

After the new program iz entered, the systenm will
eXecuie the program as scon as the conmand RUW is
given.

Notire in the example above that the START and

RUN commands do not hove line numhersg,
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1,18 PROCEDURE FOR RUNNING A PROGRAM

1., Set the LINE/OFF/LOCAL switch on the 3315 teletype
to LINE,

2. Pick up the telsphone recelver and dial the computer
number,

3. When connection to the computer is made, a beep
will be heard and the red light on the acoustic
coupler will go on,

o Place the telephone receiver on the acoushic coupler,

5. FPress the ESCAPE key on the teletype. The System
will reply
3300 BASIC READY
The colon indicates that contrel of thr system
belongs to the user, A green light will then
show cn the acoustic coupler,

6, Type SvARY and enter your program, pressing the
RETURW key at the end of each line and after each
conmand,

7o Type RUN, Your program will be executed and the
angwers printed out,

8. If you have more programs to rum, type STARY and
enter your next program. If you have no more
programs Lo zun, set LINE/OIF/TOCAL switch to

OFF and xeplace the telephone recelver.
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1,19 MAKING CORREGCTIONS

If you should meke a mistake while typing a line
and you wish to begin the line again, press RETURN
key and retype the entire line again using the same
line number.

To corract the last character you jJust typed,
press the back arrow key“<%==w This, in affect,
backapaces one character each time you press the key.
To erase the last three charactera you just typed,
presa the back arrow key three timea and retype these
three characters,

Typing the backslash character’'™ ' while you are
typing a line will cauge the entire line to be diasregarded,
The gystem will index te the mext line, type a colon,
gnd will then await further input,

After each llne is entesred and the RETURN key

pressed, the system performs a syntax error check,
If an srror is found, the sysgtem will type on the next
line an up arrow immediately under the location of the
error, and 1t will print an error message number. The
user then wmay refer to the table of error messages in
the back of this text o identify ths error by cods

mumber,



For axample:
210 IET X = (A + B)/(C = D
jﬁ
fuRR 05
Code 05 means’MISSING RIGHY PARENTHESIS o
To scorract the error, retypes the line correctly using

the same line number,

OHANGING A PROGRAM

A program may be changed at any tims, either belfore
it has run or even after it has run,

Te replace any line in a pfogramﬂ type the same

‘1ine number aganin and then type whatever etatement that

i1s to replizce that line in the program,

'0 insert a new line into a program, type a line
number thet is greater than the first and less than ths
socond of the line numbera for the statements between
wihich you wish to iﬁaert_the new statemsnt, To insert
& now statement between line 30 and line 40, type =
line number such as 35 an¢ then type the statement that
ir to be inserted, Thils can be done et any time the
program 1s belng typsd. The lines are executed in
sgquence of their 1line numbers, not in sequence of the
crder in which they are sentered,

When all corrections and additicns have been made,

type RUN and press the RETURN key. 4Yhe changed program

Wwill then bs sxecuted,
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1,21 4HE LIS¥ COMIAND

LISy
LISt 30
LISy 40, 70

 ahe LISy command will caupe the system to type
out the enkire program, as changed or correcied, in
line number ssaquence, This giwves the programmer a
chance to sxamine his changed or corrected program
baefore giving the command to RUN. |

If a lins number follows the word LIST, just thet
one program lins is produced,

If two line numbers ssperated by a comma follow
the word LIST, all the progrem texi Irom the irat
through the second line numbers, Incluglve, will bs
listed,

The LiSy comnand, like gll other system commands,

do not hare lina nmumbers.

1.22 JNIERRUPLING SYSwEM PROCESSING

Tu.inﬁerruﬁt the system precessing during the
erecution of a program, the user pregses the ESCAPE
(ESC) key., The system will then berminate ths execution
of the program and will type

3300 BASIC READY

Y
P

©wo return control of the system to the user,



Ezerciges 1,22

Go to the compubter terminal, enter your level one program;

and have the system exscute the programe.

1.23 IMIEDIATE IMODE
PRING {3,8945 % (1.6543 - 7 # 00876l ) 9°3)/TlBE=3 = 2,1~ A1oy

If a program line does pnot contaln a lina number,
the gystem will execute the program line lmmsdiately
when the REIURN key is pressed. rhis permits the aystem
to act as a conventional calculator. For example,
when the iwmediate mode gtatement above Is entersd
and the RETURN key pressed, the galculations will be
performad irmsadiately and the angwer printad,

Immediate mode lines are noi atored.

Use of multiple atatements on one 1line i3 conmon
in immediste mode., For exampla:

n,

Xo= 2,346 Y = 1,28E6: PRINT X42 + Y2 = 5,678 # /Y =
Jamediate mode provides, in effect; Tor the antry:k{$q;”.J
and axecution ¢f a one-liine program, Any BASIC verb
except IMPUT and one which ieleirsnces a line number
gucih 28 GO0 £0 may be used in immediate mode. Theoss Ltww
verba ars Introduced in later chapters,
ixereciges 1,23

Select a problem from lzercises L.16 and execute in immediate
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Chapter 2 -

LOOPS AND LIBRARY FUNCTIONS

WRILIRG A LEVEL +WO PROGRAM

AHE READ AND DAxA SwAAEMENAS

20 READ A, B, C

30 LEx X = B2 = 3=Axg
4O PRINx A, B, C, X

50 DAxA 1, 5, 2

60 END

+he READ stateﬁent is used tec asgign to vapriables
the values indicated in the DATA statement .

Weither the READ statement nor tha DATA statement
can be used without the other,

When the program above is read into compuber storags;
the data contained in the DATA statement is assigned to
what may be thought of aa a data bank, When the program
is run, the first number in the DATA astatement willl be
assigned to the Tirst variable-listed in the READ
statemont, the second number will be assigned to the
second varilable, and so on, JIn the above program, the
value of X will be calculated and the values of A, B,

€, and X printed out,
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Sings placement ©f the data into the data bank is
performed when the program ls read into éomputer storage
instead of when the program is executed, data statements
may be located anywhere in the program. llowsver, they
must provide values in the correct order for the HEAD
statements, If several data statements are entered,
they are used in order of their statement numbers.

It is common practilice to put all the data statements
together and place them at the end of the program just

before the END statement.
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Exercises 2,1

1, What would be the value of X calculated by the following
program?
20 READ A, B, C
30 IEWr X = Bf2 - L % A% C
O PRINY A, B, C, X
50 DAvA 1, 5, 2
60 END

2, What would be the value of W calculated in the following
program?
20 READ X1, X2, ¥1,¥2, Z
JDIETW =YL ®Y2 /Z =X+ X2
L0 PRIN¥ W
50 DArA 6, 14
60 DAvA 12,5, L
70 DAwA 5
80 END

3, A teagher calculated the value of F in thé following
program to be ,25, A student calculated the value
to be li, Who was correct? |
20 READ X1, X2, X3, X
30 IET F = (X1 + X2) / (X3 + X4)
¥0 DAxA 200, 160
L0 DAXA 45, 45
60 END
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o Are the following two prograns equivalent? ‘“That is,
would they both solve the same problem and give the
same anawer?

20 READ A, B, C

30 IET K= BA2 -~ L#a%C
4O DAxA 197477, 2187.999
50 DAwA I .221

35 PRINx: K

60 END

20 READ B, 4, C
30 Ligx K = B42 = L#AsC

LO PRINT K

50 DAwA 2187.,999, 197.477, Ll.221
60 END

5. Are the following programs equivalent?
20 READ L, M, N
30 IET P = L5 + MaN
40 PRIUT P
50 DATA 187
60 DATA 357
70 DATZA 123
80 LEKD

20 READ L,M,N: P=Lf G+M=i: PRINT P: DATA 187,357,123
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2.2 IHE GO TO STATEMENT

' so'have é proéram run several times using several
sets of data, nll that i= necessary is %o furnish the
additional data and insert a GO TN statement in the
pProgram,
20 READ 4, B, C
30 IET X =B = L4 =4 % C
Lo PRING"A ="; 2;"B ="; By Ve = 0; *x =Y X
50 DATA 1, 15, 2, 2,9, 38.7, 303, 1.75, 111,41, 5.55
55 GO 70 20
60 END

When thias program is executed, the first three
values in the DATA statement will be assigned to
A, B, and C respectively. The value of X will be
calculated and the values of A, B, C, and X will be
printed,

The statement GO (0 20 will then be executed,
This will cause control to be transferred to the statement

on line 20, which is the READ statement. The next three

numbers in the data statement will then be read and assigned
"to A, B, and C regpectively, The new value of X will be
calculated and the values of A, B, C, and X printed,

fhe GO 0 20 statsment will again be executed and

procedure continued until there is mo more data,



L2,

When the system encounters a READ statement and thers
is no more data to read, a message will be printed ocut and
control will be returncd to the user, Thia, thesrefore,
will terminate exscution of a program,

Yhe data statements may contain any type of
numbers, and the different types may be rixed, However,
tha numbers must be separated by commas,

fhis idea of executing a portion of a program
fepeatedly is called looping, and‘it is one of the nost
Important concepts in programming. Other methods of
establishing a loop are introduced in later chapters,

An sxccutable statemsnt ls ons that aspscifies ths

action to be performed. A nonexecutable statement

is one that provides information. <Yherefore, a DAuwA

gtetement 1s an example of an monexXecutablse statement,

Another example would be a REM statement, Exsmplss of
executable statements would be a LET statement and a
GO TO statement,

The ezaecution of a loop may alwvays be interrupted
and execution terminated at any time by pressing the

ESCAPE (ESG) key,
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Exercisgses 2.2

1, Write a program containing a loop that could be used Lo
calculate all five snswers to problem #5 in ExefcﬁsesEIDIGQ
on page 29,

2. Write a program containing a loop that could be used to
calculate answers to all the parts of the following
problems in Exercises 1.16.

) Problem #l
b) Problem #2
¢) Problem #6
d) Problem #7

a) Problem # 10
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THE INPUZ STAIEMENZL

A'pfogfaﬁ may.be written in such a way that the

15 Mepeet- 2nt2 e ‘
datalduring the ezscution of the program, This is cammon
in programs for nlaying games such as blackjack or dice
with the computer, It is also uzeful when & programter
prepares and gaves a program on paper tape, When the
user then runs the program, he suppliles the necessary
data at the proper place in the program,

F'or example, consider a program for calculating the
roots of a guadratic equation. When the user runs thils
program, he must supply ths values of the coafficients,
A, B, end C. The program will contain an INPUT statement
such as
50 INPUT A, B, C
before the firast program llne which requires these values,
When the system encounters this statement, it types the
word INPUT and a colon on the following llne, and walts
for the user to supply the three numbers,

INPUL
The user will then type in the three numbers, in correct
order. The system will then proceed to the next program

Iine,
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It is a good practice to luentify the requested
values by a preceeding PRINT statement so that the user
will know the variables for which he 1s to supply values
and ths exact order in which they are to be entered. For
example:

20 PRINT “‘ENsER VALUES FOR COEFFICIEN:S A, B, and G
30 INPUZ A, B, C

3O IET X1 = ((=B + BF2 = Lsa%C) 4 ,5)/(2%A)

50 IET X2 =((=B = B4 2 = L#AxC)4 ,5)/{2%4)

60 PRINT A; B C; X1; X2

70 END

The system will print out the descriptive message
beforé printing the word INPUT, It will prinG:
ENTER VALUES IFOR COBFFICIENTS A, B, and C
IN PO

If there is a saystem-detected error in the entered
deta, the numbersmust be re-sntered beginning with the
erroneous numher, The number which precede the error
are accepted.

A user mey terrninate an input sequense without
supplying all the required input values by asimply
typing a carriage return. [he saysbYem will procede to

the next program statement,
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Exercises 3.3

1, Write a program using an INPUT statement that would
galculate the answers to problem #5 in Exercises 1.16
with one set of data to be supplied by the user at the

time of program execution.

2. Write a program using an INrUT statement that would
calculate the answer to problem #5 in Exercises 1.16
with several sets of data to be supplied by the user at

the time of pro;rem sxecution.

3. Write a program using an INFUT statement for calculating
the answers to the following problemsa in Exercises 1.16
with several sets of data to be supplied by the user at

the time of program executlon.
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Joly BAVING A PROGRAM

SAVE

The SAVE command will cause all program lines to
be punched on the paper taps &t the nser's teletype
terminal, Five inches of leader and five inches of
tralldr code will be punched befors and after the
program text. Ths user must manually turn on the telstype
vaper tape punch during this bparation end turn it off
when completed,

Liks all other system commands, the SAVE command
will have mo 1ine number,

Mathods for saving a program on casatte op disk

are introduced in later chapters.

Exercisss 3.4

Enter a levsl one program inte the computer system., Use the

SAVE command to have 1% saved on paper tape.
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3.5 IOADIWG & SAVED PRCGRAM

LOAD

When the LOAD command is used, the program that
is currently on the papsr tape roadsr at the user‘s
terminai will be losded into the computer and added on
to any program that 1s in the system'p memory, The
aystem will sutomatically start the tape moticon and reand
bhe tape. Lhis command Is used to enter new programs and
to enter additions tc programs slready entered,

Having a START command precede the LOAD cormand willi
prase any previous program texit before the nsw profram
1z entered,

Duta that has besn peved on papsp tape can be
enterad into a programn by use of ths LOAD com.end.

Hothodyg for leading e program {rom s cassebiés or

diak are iwntrodused in loter chapters,

iwercises 3.5
i, leke the papor tape you prepaved in Exerecise 3.l and usse

the LOAD sommand to icad the program inte the systen.
Then have the program ezZecutad,

2. Select sne of the problems in Exerelses 1.16, Prepars
a8 preogiem to solve the problem with ihe data to be
angered by ugs of papser tape and a LOAD command, Your

instructor will furnish you with the paver btape conselining
J . & | LR

ths data.
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THE PRINT USING AND IMAGE SZATEMITNZS

110 PRINZ USING 130, L, 4, A
130 % LENGTH = ##i## WIDTH = [Mfoi## AREA = #1241 4H!

The PRINT USING stotement lists the variables whose
values are to be printed out. It also contains a line
number the word USING which refera to an image statement.

The image statement, ldentified by the {» sign,
indicates what letters or words are to be printed out
and Indicates the format in which the wvalues aré.to
be printed,

‘The PRINT USING statement above indlcates that the

values of L, W, and A are to be printed and they are to

-l

mapge state-

t
o

be.p inted in the format indiczted by the
ment on line 130, The image stetement on iine 130
indicataes the lettera or words that are to be printad
end indicates by the use of #'s where the digits are

ﬁo be printed. It also indicates the location of the
decimel pelnt 1" there 1s to be one.

If the values of L, V', and A in the example above
are 11,12, 10,00, and 111.20 respectively, the
printout would appear as:

I&NGYH = 13,12 ¥WIDeH = 10,00 AREA = 111,20

VNotlee there are nc gquotation marks around the

alphammeric characters in the image statement that are

to be printed out,
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If a number that contains a decimal peint is to be
printed out but the format in the image statement does
not contain a decimal point, the number will be printed
oub truncated, 7That is, the deeimal part ls simply
dropped, It 1s not rounded. Leadlng blanks are aluays
inserted and the value ip printed right justified,

If the format in the image statement containg a
declimal point, the value is printed with the number of
decimal places as indicated by the format, with the
decimal part of the numbsr being truncated or {filled
with zeros to produce the deslred nuwtber of decimal
places.

grapter than the

o= LK) LEES R =

If the length of the value is
format speéificationp #'s will be printed out by the
gystem to indicate such an error. For example, if
the value 1234.56 were to be printed out according to
the format #/.7%, the error would be indicated by a
printout consisting of YL

The four characters I!!! ars used to indicate the
format for exponent form., The number 123.45E=19 to be
printsed out according to the format A4 F. 45111 wonld

appear as 123,450E-19,



If the format specification contains neither a
positive nor a negative sign, a negative number 1is
printed out with 1ts nepative sign in front of the
number and the length of the format speciflication is
automaticially inereased by one.

If the format specification contains a plusg sign.
the true sign of the number will be printed in front of
the number. For example, the format specificétion
+5EE ## would cause the number 156,78 to be printed as
+156,78 and the negative number =56,78 to be printed
as 56,7,

If the format specification contains a negative
Blgn, a blank for positive numbers and a minus sign for
for negative numbers will be printed In front of the
riumbers,

If there are more veluss to bse printed out than
there are formats apecified in the lmage statenent,
the image statement 1s reused from the beginning for the
remaining values, For exasmple,

10 PRINY USING 20, A, B, C, D

20 & A

Only onc number will bs printed per line if the wvariable
names are peparated by commas. The comma will cause the

carriagse return to be execufed,
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The printout would be:
23.3L
3heL5
56.67
78,78

If the variables names are separatoed by samicolons,

the carraige return is suppressed and all the values
will be printed on one line. The ouiput would be:
23,45 3L.45 56.67 78.78

Format specifications, including sign, decimal

point, and !i{! cannot exceed 2l characters.
Exercises 2.6

Select one of the problems from Exercises 1.16. Write a
program for solving all parts of the problem, using a loop.
Use a PRINT USING and an imsge statement to cpuse the values
of the main variebles and tho values of the colculated answers
to be printed out, together with a word or descriptive phrase

to indentify each of the wvalues being printed.
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LIERARY FUNCTIONS

A compubter can perform simple arithmetic such as
additlon. subtraction, muwltiplication and division.

It can also perform gimple logical operations that reguire
that 1t distinguish between 0 and 1. If a computer 1s

to perform complicated mathematical functions such as
Tfinding the square root ol a nurtber or calculating the
aine of an angle, these mathematical fuactions must

flrst be defined in terms of simple additlon, subtraction,
multipication and division,

I a proprammer had to write a subprogram for sach
mathematical function every time he was to use it in his
program, programming would be much more difficult than
it actually is. Instead, subprograma have already bsen
written for the most common mathematical functions,
and these subprograms are stored either as a part of -the
BASIG compiler, or ap« readily available on a digk storage
fecility.

To make use of these stored progrems, called library
functions, all the programmer has to do is to write the
name of the function followed by paventheses enelosing
the expregsion for which the function is to be computed.
This expression may be a constant, a variable, or a

BASIC expression. It may also be anotvher function.




The expresslon enclosed in the parentheses 1is

called- the argument of the function, and 1t may be any

valid expression for which a numerical value can be

calculated, except as noted In the explanations of ths

fbllowing eleven BASIC library functions.

The
ithe
The
The
The
The
Yhe
The
The
The

the

abgolute value functiom.
aguare root function,

sine function.

cosine function,

tangent function.

arc tangent function.
algebraic sign function,
natural exponent function.
natural logarithmic function.
largest integer function.

random number generator,

ABS{
SQr(
SIN(
cos(

TAN(

Aran{ )

SGH (
EXP(
LOG{
INT{
RND

L . T

)
)
)
)
)
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+HE ABSOLULE VALUE FUNGC. ION

100 It ¥ = ABRS(=16,789)
110 TEy Z = ARS(X)
120 LEr W = ABS(B42 < l#AsC)

whe abgolute value of a positive number 1is the number
itself. ‘he absolute value of a negative number is the
corregponding positive number. The absolute value of
zero is zero, In the example above, the value of ¥

is 16,789,



Exercises 2,8

Calculate the value or values of X in each of the following

Programs.

i

1. 10 LET ¥ = ABS(=~23.4 + 10.0)
20 PRINT X
30 END
2. 10 IET A = 25.0: LET B = 5.2

ABS{A = B2)

it

A
20 LEr X
40 PRINT X
50 END

3, 10 READ 4, B
20 IE® X = (&Bs(A -+ B))4 .5
30 PAINT X
L0 GO TO 10
50 DATA 20, =i, =20, =5, 30, 6,60, =11

60 END

L, 110 READ K,W: X = ABS(K) + ABS{W): PRINZ K,W,X

120 Dafa »1,92, <611z END

5., 10 READ C,D: X = ABS{aHS{C) = ABS(D)):P5INT USING L0,-C, D, X
D0 % ¢ IS wLUE D IS #4 X 1o #uEH#
50 GO =0 10
G0 DATA =1, 22

70 END
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wHE SQUARE ROOx FUNCx1ON

130 LEx C = SQR{79.15)
W0 LEr D = SQR{X)
150 LEr E = SQR{AF 2 + BT 2)

{i

160 LEg F = SQR(ABS(BA2 < L#aAwC))

xhe argument of the squere root funétion must nek
be negativeg as the resulting number would be imaginary.
If the valus of the apgument cf the square rcot funoetion
is negative, the system will print an error message.

In line 160 zbeove, the argument is the abasolute
value function. In this case, it is impossgible for the

argument of the square root function to be negative,

The {ollowing thres statesments ars sguivalsnts
100 LEY D = SQR{X)
0 ILikw D = X9 .5
x1(1/23

Howsver, the calculations ars done with the greatest

i

10 LEY D

computer efficiency with the first statement and with

the least computer efficlency with the last statement,
There are nc library funections for rcots cother

than square roota, vhe principal cube root, fourth

root, TLifth root, ete. are ealculated by use of

fractional or decimal exponents. For example:

170 LEw ¢ = X F(1/3)

180 By H = X 9§ .25

190 ey H= X T{1/)
200 LEy I = X 4,2
210 My T = X4(1/5)



Ezercises 2.9

Calculate the value or values of ¥ in sach o¢f the following
programs,
1. 10 Y = SR{ah + 66): PRINT Y
2, 10 A = 3: B=h: Y= SQR{AS 2 +* Bf2): PRIN: ¥
3, 10 READ &, B
20 LEx Y = SQR(4ABS{aF 2 -~ B4 2))
30 PRIN® A, B, ¥
hOo DrxA 10, 6, 8, 10, T, =T
50 END
e 10 Y = SQR{SQR{1LL) + SqQR{16))
20 PRIN: ¥
5. 10 Y = {SQR{9))4 3: PRINL ¥

Write and exscute a BASIC program in DMMEDIATE MODE to solve

sach of the following for W,

et

6. W=+ {(=3.197)31

N S

R g %ﬁ‘i?da g + 'v.v;[ﬂ‘—"l??o.}ag

8, \/ (87.5L) (37,557 )
o/ 23,9

& ]
9, (-176.176F = g(=630233§

|y r‘mﬂm
10, VB391  + 2/1236 - 99
11. Write a program for golving for all values of K.

g) 12 = 1592,43 b)) X2 = 897.11 = 0 ©) E° - 37.LL = 13.97



2,10 THE SINE, COSINE, AND LANGENa FUNC.TONS

210 LET 5 = SIN(1,5708)
220 Iz C = C0S{37/57.2958)
230 LET T = £AN(X + .5236)

Ehe'argﬁment of the SIN, C0S, and 'fAM library
functions must be expressed in radiang. ‘'he magnitude
of the argument cannot exceed 1E§,

A measure of one radian is equivalent tc & measure
of 100/ in degrees or about 57,2958 degrees. If a
measure in degrees is multipiied by 7/180 or divided
by 57.2958, the result is an eguivalent measure in
radians,

An angle measure of one minute (1?) is 1/60 of
a degree., An angle measure of one second (1'f) is
1/6G of a minute or 1/3600 of a depree. To convert
an angle measure given in degrees, minutes, and ssconds
to radlans, first express the measure in degrees, and
then convert to radians. For example, to convert a

measurs of 37° 14! 55'1 o padianss

250 Lk D = 37 + 1h/60 + 5573600
260 LET R = /57,2958
o

250 LET R = (37 + 14/60 + 55/3600}/57.2958
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To vse T to mere than four decimal places,
round off the following walue of T to the number of
decimal places desired:

T s 3°1u1592653559?9321

Thers is no library function for the secant,
cosecant, and cotangent functlons, However, these
three functiona can be easily programnied in BASIC
by use of the following relatlonships:

cogacant X < il

sine x

gecant xr = 1
ceo8ine x
cotangent x = _ 1

tangent x
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Ixerciaes 2,10

Write a program for calculating the value of the indiceted
variable in each of the following programs,

le Q = gin 39° + cos 63° = gan L4°

i

2. W ain 123°
i

o8
3. E = cos 89° 130

ho R = Tan 24,12 130 3Q0t¥

5, &= y’sin2 159 + cos2 35¢

6. =}sin 253°] + Jcan 3007

Toauivare

To Y *%gf]sin 99% + cos 99“!
. U= gee 25% = gge 14°

9. I = gin LL7° + cot L47°

10, P z‘h/szaoégg + (11,2)2 « 2(23.6){11.2)eos 58°

11, The law of Cosines states: - b @

=

gin A ain 3 Bin

£

Write a BASIC program to find

a) b when a = 37,6, A = 77%° 81, B = L1° 17!
b) a when A = 29° 37, B = 1,0? 581, ¢ = 152.4
¢) ¢ when a = 35,7, B = }1° 127, ¢ = 61° LO°¥

12, If 28 = b2 + &2 - 2bcecosA find ¢ when a = 13,43, b = 17,77

and C = 62° 127,
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THE ARCyANGENy PUNCyTION

270 ILET A = ATAN{1.0000)
280 IET B = ATAR(X)

If the value of the tangent of an angle is known
or can be calculated, the angle can bhe found by use of
the ATAN funetion,

If tan X = y,. then x = arctan J.

Therefore, ares tan 1 meana the angle whose tangent
is 1. Are tan 1 = )59, 2259, and the other angles whose
tangens is 1,

The statemen: in line 280 above will ceuse the
system o conpute the principal valne of arctangent x.

The AvAY function vesults in an answer that is
an anglieexpressed in radisnpg, Maultiplying the radien
measure by 1380/ or 57,2958 will result in an
equivalsnt msesure in degress.

For example, the following ataotemsnt may be used
to Cind the angle in degrees whose tangent isg 1.0000:
150 IET X = (ATAN(1,0000))%#57,2950

yhere are no BASIC library functlons for the
ercgine and ergcosine functions, Methods for
aalcuiating thse angile when its sine or cosine aps

mown are introduced in a later chapter.
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Exercisea 2,11

Write a BASIC statement for solving each of the [ollowing
equatlons for the variable given, Answer is to be in radisna.
l. a = aretan 1

2. b = arctan (=1,200)

3. c & archan

St

5
2
h, d= arctanvij
3

Write a BASIC statement for solving each of the following
equations so that the mnswer will be in degrees,

5. & = arcian (=1)

6, T = arc tan 1

£

7. g = aretan (sin 20°)

B

B. tan x = 3.7152

Using the ATAN funcitlon, calculate the value ol X in degrees if:
9, sin x = ,3090 and cos X = ,9511

10, @&in x = ,9877 and cos x = ,156L
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3o

ho

50
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TRIGONOMELRIC JTDEH. TeTES

cosacank x = '
gine x
Escant x # 1

coaine x

cotangent x = 1

tangent

If /A + /B = 90°,

cog B

4

pin A
kan A = cot B
sec A = gec B
gin (180°

(1842

- x) =
cus = x) =
tan {180% - x)

gin (907 + x) =
coa (90" + x) =

(909 + ) =

i

i
O
0
ct

Pythagerean identigies,

. 2 .

3in® z + cos® x = 1

1 + cm‘;2 Jx o= 38@2 i
2 o

wan x v 4 o= sa&z oo

GQootlent identitiesa,

tan x = sin X
cos X
cok I = b8 X

&
e
i
By

g
f
0
o
7
=

i
1
I
o
o
b

i

%

10,

ii,

12,

side a . 3ide b _ side ¢

gin A sin B~ 8in C

Iaw of Cosines.

82 = B2 + ¢ = 2be

cos &

b~ = a~ + 32 = 28c cos B

+ b2 = 2ac cca O

b2 + g2 = g
2be
32 * @2
2aa

g
o
b
H

£
o)
7
id
]

Polar caordinates.

P¢ sonvert P{x,v} to Flp,5)

- fvey

™

o convert Plr,8) to Plx,y)
T r ocol 8

v = p gin ©

Distance betwesn pointg

and B{xagygj

9 =4/ lagomy 12+ Uypeyy )
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THE ALGEBRAIC SIGN FUNCK TOW

290 LEwx

300 ILBw

310 LEx

Iz

X
L

it

SGH(=1.8775)
SGN(X)

#

P = sau(cos(Y))

the argument of the algebraic sign function

is equal to zero, the value of the asignh function is

ZE8Y'0«q

If the argument is equal to a positive nunmber,

the value of the function is +1. I the argument is

equal to a negative number, the vazlus of the funeticn

iB ,::10

EXERCISES 2,12

Galculate the velue of the variable in each of the following:

P

=}

A"

3o

b

W

10 LET W

20 LEy

30 Ly

L0 Loy

50 IEg

ki

M

X

it

3.1l + SGN(=1.4)
SGN {137 .0123 )
SGH{AF 2 = Axa)
SGN{8QRr{121) = 14}

=SCN{SQR{ABS{ =09 ))}
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wHE WALURAL EXPONEN. FUNC.: IO

i

320 IEs Q = EXP(1.25)

330 Ikx R = EXP(X}

i

340 IBxr S = EXP(SQR(W))

the EXP Punction is used to calculate the value
of the number s raised to the power designated by the
aﬁgument of the function.

The number o is an irrational number whose value
=

is approximately 2.71828. The wvaiue of e® is the

infinite sum 1 + x *+ gi * oees F 52 * sao
23 né

Statement 320 above will calculate 51°25 and assign

I S L
chils velue to Q.
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Ezercises 2,13

Write and  execute in TLIEDIAYE MODE a profram to calculete

R 2, o002 , 2.7 3, 9% u g70.7

1 e w

-

Write & program to caleulate all the values of ¥ 1n each

of the following, when X talkes on the values indicated,

b 3= 38°% = 1.6, 3.2, 11,6
. 2
59 g o %“63:{ - %‘& X = 7&3.13 5u55 wgd
=£2X
6. y = «3a ® =0, =51, ol
?0 ¥y =8 z__‘,?;.i z = ““1—3 "“’9953 19 ay 3

This 18 callsd the hyperbolic sine of x (ainh x).

8, y=4g = % = =1,5 5, .66, 3.84

this is called the hyperbolic cosine of x (cosh x).

9, y =g~ - g% = Loy, 1al, =3.3

Ot tacrs

o + g”FE

this ig callsd the hyperbolic tangent of x (tanh x).

2
e & «.55, =.97, 0,01, 1.2

i

10, ¥ S
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wHIE NALURAL LOGARILHHIC FUNC. TOW

v
n]

e
I

50 Loty v = LOG(325,188)
60 IEy U = LOG(X)

fi

70 IEy V = LOG(EXP{3.5))}

rhe natural logarithmic functlon calculates the
Eggggél_logarmthm {to the base e) of the abasolute
value of the argument,

ir 605 = 1.,64873, then log, 1.6L873 = 0,5
Thersfore, the statement

4O Y = Loc{EXP{0.5))

will assign the vslue of 0.5 to Y.

Exerciges 2.1

Write a program to e¢alculate all the value of Y in sach of
thie followlng equations, using the given values of .
x g X = Jdi, 1.1

~ 4 v = Ilogp‘:{a ) n = ='0119 1::?5 2

3. ¥ o= 1oge§x@ + 10@9'@3? e xlogs x x = k3.4l 456,77



THIE GRE; B3y INu-GER FUNCGLTON

80 ILEy A = INy(11.L56)
90 IE: B = INx(H)
TWe(H + .5)

1

95 LEx G

+he grea%est integer funcition ecalculates the
greatést integer not greanter than the value of the
Argunent
Phe statement on line 80 will assign the value 11 tw A,
Tf H in line 90 has 2 value of =l .56, the integer =5
will be assigned to B, sinse =5 is the greatest integer
not greater than =4.56, Remember, =l.56 is greater than
-5 since a number is greater than any number to its
lﬂiﬁ o1 the real number line,

One iwmportant use of thls Tuncticn isg Ffor rounding
numbers to any desired place. For example, lins 95
above will cause the value of H to be rounded to the

negarest Ilntegers

Vaiue of H Value of H + 045 Vglue of IWT(H + 0.5)
13.729h 1.229] 1l
8,5000 9.0000 9
0,0099 0,5099 0
=3,11999 =2.9999 =3
=1 ,5000 =1,0000 =l

Woties that 8,5000 rounds to §.80 vhile =1.5 rouads to =1,
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Bxercises 2,15

Calculate the value of the variable in sach of the following
programs,
1., 10 READ H

20 X = 10 % INP(H + ,5)

30 PaINy X

.hO GO «0 10

50 DAwA 3.199, =3.499, 7.50. =7.50

60 END
2, 10 Y = IMw(-13.987) % IWe{9.56): PRIN» Y
3, 20 W =

SAR(TN2 (100,130 ) + SQR{INv{ABS{=9.5))}
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RANDOM NUMBR GINFRAXOR
LO Lty H = BND{X)

ihe random number renerator willl generate. - random
number betwe:n O and 1 each time the statement; is
encoungered in a program., The numbers produced are
decimals .

BASI® requilres that a variable name be shown
within {'e parentheses followling RND, Any name can ba
used, ar.i X is commonly used, as shown in line LO
above,

T: create random numbers that are integers greatsr
than zero, nake use of beth the RND and the INw
funetiong:

SO Ldy Vo= INw(10 s RND(X))

Multiplyin; RND{X) by a powsr of 10 and using the INT
fun:tion s shown, rendom integers can be created with
the numbz: of digits desired.

Wher a pregram containing the RND function is run
again, .8 computer will generate the same set of
vandom -ambersg. Lo ensure that a different set of
randen: wmberg will be producad esach time the program
is wur, the stetemenit RBANDOM 1s ploced at the bsginning
of 11 prograii, For example,

10 BANDOM

20 PRINY RNDOX)
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2,17 WRITING A LEVEL 40 PROGRAM

1,

3.

Spaecificavions for a typical level twe program are:
A REM statement giving your name and the level of
your program,

A REM statement; giving the title of your program,
One or more loops using READ, DATA, and GO 40
statements so that the program wlll bs executed
repeatedly until 211 the data has been used,

A printout wutilizing one or more PRINT USING
statements with messages identifying the numbers

being printed out.

For example:

10 REM
20 REH
30 REM
LU READ

SPIRO NIXON LEVEL 90 12/7/72
RECIFROCAL »RIGOXOME,RIC FFUNCLIONS
DAxA I8 IN DECREES

D

50 LT R = D / 57,2958

RE

60Ci, S, AND C2 ARE ,HE COSECANy, SECANy, AND COrARGENy

70 Ll C©

1= 1/8m{R)

80 Litw 5 = 1/C0s(R)

90 L

=

e

2 = 1/wAN{R)

100 PRINw USING 120, 01, S, G2

120 % CSC IS fipfadd  SEC T8 ffLN COw IS G
130 ¢0 7o L0
il bAxA 37, 134, 189, 230, 298, 3i0

150 END



Ixercises 2,17 T30

Business Prohlems

1. Compound Interest

If p dollars are invested at a rate of r% per
period and interest 1s compounded at the end of each
" of n periods, the amount to whiech the p dollars will
increase by the end of n periods can be caleculated
by use of the formula A = pl1l + p)"
If the interest rate is given as an annusl rate, it

can be converted to the rate per period hy

rate per periced = {annual rate)}(length of neriod in months}

12

L

(annual rate){lencth of period in days)
365

Calculate the amount to which the prineipal will inmcrsase

given the prineipal, the annual interest rate, the
length of a period, and the number of periods as follows:

Prineipal Annual interest rate Compounded Time

$1,340 6% quarterly 2 years

$12,1,00 9.5% gemi=annual 7 years

$25,530 L .25% monthly [}5 months
10,000 7.5% annually 16 years
110,000 7.5% ' gemi=annual 16 years
$10,000 T.5% quargerly 16 years
10,000 7o5% monthly 16 vearsg
410,000 7 .55 daily 16 years

Calculate the interest esswrned in each of § hese exa.iplan,



2o

3.

Salesman’s Commission

Tlo

Calculate a salesmantg comnission if his commission

rate la % of sales for the first 46,000 of sgles and

5% of his sales above {8,000 for the period, His sales

for the period were: 940,

Groas Pag

905,

810,

w155,

Calculats gross pay, riven h,

if gross pay = rlh + 1.,5v)

r

B

£1152, £1060, s‘;:loéop
£1400, 832, 999

the pumber of regular
hours qorkedgi

the rate of pay per
hour;

the number of hours of

overtime worked;

In the outpuit, print the employee number, and the

values of h, », v, and gross pay.

Employee number h r v
16972 LO  §lL.25 n
16643 LO 46,19 8
16999 33 $7.11 0
17008 LO 6,80 3
&7011 32 5,20 0



5o
i« Updating Charge Accounis

Galculate charge account balances at the end of the
month when given B, the htalance at the beginnihg of
the monthj; G, the charges made during the monthi P, the
payments made durigg the month: and R, the ret¢umns
made during the month.
In the printout, print the customer number, each ol the

items B, C, P, B, and the balance a% the end of the

monih,
B C P R
40,00 17,98 £10.,00 10,00

43.17 $35,00  £15.00 0,00
$39,90 40,00 ©50,00 0,00
WTL5.00  §15.75 125,00 45.75
V100,50 60,00 $10,0C $30,00

5. Income Tax

Calculate tazable income (¥} given gross income (G)
and number of exemptions {E)} if

T =G = ({625} (E) = (102 )(G)
then calculate federal income tax if the tax on
taxable income between . 10,000 and 412,000 is
$2190 plue 32% of the amount over QiEDOUOn

Calculate the New York Siate income tax if* the tax
on taxable incomes between {11,000 and 13,000 is

520 plua &% of the amount over $1i,000,

et

G = §12,800 E = G = 15,000 L = 3

G = $12,600 E = Q G = §$16,123 B = |



Algebra Problems

6. Evaluating Polynomials

Evaluate the polynomial
¥ = 6,179%7 = 0,932 + 2.092x7 + 177622 + 7.250% + 1,116
for the values of x glven below,
The computationé can be done with preatest computer
efficlency if the operatlons are rearranged as follows:
x = ((({(6.179x = 0.,193)x + 1.,192)x + 1.776)x + 7.,250)x + 1,11

This 1s called the nested method and 1s equivalent to

evaluating a polynomial by synthetic division.
x = 1.7, 3.h2, 6.9, 11, 21.5

7o Eguation of a line when two poilnts are given.

The graph of the equatlion ¥ = (slopel}{x) *+ (y=intercept)
is a strdaight line, where the slope and y-intercspi are
given, If the coordinates (xl’yl) and (xgpye) of two
pointa sn the line ars gilven, the slope and y=intercept
can be calculated from the relationships:

slope = yo =y; and y-intercept = y2 = (slope)(xa)
xp T K]

Write the equation for the line containing the two
civen points.

{6,11) and (=3,2) (=9,=2) and (5,11)

(32,6lt) and (=18,-9) (1.86, 9,37} and (8,91, 11.23)
{9.99, 8,76) and (=1L.53, =16,76)



8.

9&

Point of intersection of

two lihnes,

e

Utilizing the concepts described in problem #7,

- ealeulate the coordinates of the point of intersection

of two lines, given the coordinates of two points on

each line,

(8.1, 9.2),

(=16.6, 11

Quadratic formula,

If ax

numbers (that is, they are not imaginary) and a § O,

x = b * 2 - Lhaea

2

2a

(19.18, 17.77),

and x = =b w@fbe = Lag

(=3.2, 2.1) and . (7.3, 5.5), (9.4, 3.3)

o2)y (134, U.45) and (15.5,

+ bx +c¢c =0, wherse a, b, and ¢ are real

Calculete the roots of each of the following guadratilc

equationa,

2 = hoTxt LB =

Eulx2

6.65 = 3.255° + 5.09x
2 "
X 4+ 2.85x = J.,73 =0

236%x° = 1149 % = 752

+ ?UBLm + 2:76 = O

3586,15x° ~ 3432.77x = 2158,1)

then

12,2)



8.

10. Solupion aof seits of linear eguetions In two variablaes,

Ir 811{ -+ bly = cl}_a'ﬂd aax_ - bay = g

2
then clb2 = 0O bl
then x = albg = gébl and y = %1%2 7 8%
alb2 = aabl

Calcunlzte the roots = and y for each of the following

gystams of equations,

6x + 10y = 7 3x + Ty = L %x+%§'$3
15x = by = 3 L = 3y = =7 3 I

5% 7y T =]y
X = v = 200 02% = ,03 vy + 1

203x =~ Oy = 2 x + 5 = 800



79

Solution of sefs of linear equations in three varisbles,

ir a,x + by + €8 = d,

a.x + b + 8,2 ¥ d

3 39 7 %3 3
then x = Dy y =D 7 = Dz

D D D
whele

D= a1{b233 = b3@2) = aeiblcj = bgclj + a3§b1c2 = baelj

D_ = dlibac

- = bsga) = dg(b1c3 = bsci] + d3(b1c2 = becl)

3

Dy % alidlae = d2@1} = aaxu1g3 = qjel} 1- aB(dlca = daclJ

) = ay(bya, = b.dy) + aylbd, & bydy)

D = al(bld = b_.d- 3 3 2

Z 2 2L

Calculate the values of %, ¥, and z in each of the Following

gyatems of equations.,

2x + 3y + 2z = 11 Ax = 2y = 38 = =1

=35 +3:=F5 b +y = 23 = 7

5—’?"'?:”.25"3 9,’:,—5-33;--&1]_2,29
hx +3=5

3x + 22 = 0O

2y = 35 = 3



Trigoncomesric Froblems J0e

113, Trigonometric Tuncilons.

Calculate the value of the sine, cosine, tangeni,
cogecant, secant, and cotangent of each of the following
angles, Arrange the output to appsar in six columns,
each with an appropriste colwm heading,

Data set A: 37°, 165%, a83°, 271i°, L4729, 3é9°
Data set BA 55° 140, 32° 277,  189° 50¢
272° 159 1501, 183® 227 1o

12, Law of Cosines,

32 = b2 * ca =2 be cops A
b2 = a2 + @2 = 2 ac cos B
2 . .2 2

¢ = a” +b =« 2 ab cos C
Calculate the length of the third side in sach of the

following triangles.

Data set A: a b AT
15,171 19,422 7ho

23,991 33,182 331162
LoTT7 2,665 33¢

Dgta set B: 123.L5 122,66 179 16¢

156,78 329 UL 152 450
876454 543.32 33% 33°¢
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A = 139»: i‘53383_3

Data ases B

FA = 15% 1610 £8 = 30% 2y ow o= 392,91
FA = 290 3 L£00= 23% LY b o= 115,17
Lh = B7e 2hu LG = L7 oLy b= 377410

P

Ih

b= L3%® L8 B = 61Y B1" e = 18883.d3

;. Area of a triangle.

talculate the area of sach of the Tollouwing

triarglea using the formulia

b

A =yalsg - alls - blMs = ¢}

Frar s, wSE -

where a. by, and ¢ ArYe tha lengthas of the eldea of the
triangle and s las cne=half the perimeter,

B t &)
S

e iz S

i1 23, 29
123 103 267
192 1350 2500
11,15 15,91 22,22
2013 2019 <919
L.67K1l; 2,055 1,08E1L

" TR - o i ; - EE o
Leobob=5 Loulifuan . bLI=Y
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Statistiecs Froblems

15, Siandavd Doviation,

Standard deviation (8D) is an averags of the

degree ¢ which a set ol scores deviates from their

mean., 1% 1s 2 neasure of variability. Yo ealculate SD:

subtract the mean Trom each acore o obtain the

deviation {D};
'Y o i) ] 4 ) 2
square sach of these devlations to obtain D™ ;

add these sauares to obtain =D2 ;

dlvide this sum by the number of acores (M);

talte the squars root of the rasult.

SD = / D=
\, ==
A gecond method for calculating 3D iss

2 -
square each score (X ); count the number of scorea (H);

sum the scores (£.X); sum the squares of the scores (E|X™

Ls
FXa

find mean of sccres (ZE£X); find mean of asquares ( i3
N

3 Y-
stubiracys &, X% m;’g;g\ 5 ‘take square root of result.
N/

2 NEl
sp = [ mnt  f=xY
4 N N}
r
Calculate the standard deviation of esach of the

Tollowing sets of scores.



set #1 sey #2 set i3
89 48,1 65,13
12 65.5 66,23
79 72,7 67 .87
91 85.9 70,42
80 9146 91,99
& 1000 92,23,
75 80,2 93,38
91 97.6 ol 86

16. (Correlation hetween two sets of =corss.

A coefficient of corrslailcn expresses the defree
of relationship between two 3s9ts of £ cores, by numbers
ranging from +1.00 for a perfect positive correlation
%0 ~1,00 Tor a periect negative correlation. A
correlation of 0,00 indicabes no relationship between
the two sets ol gcores,

Gpe method of calculating corvelagion coefficient
if the product-moment method which is as follows:

Call ons =ef ol acores X scorez and the other

set of =scores Lhs Y scores,



Bl

square each X score, giving }.'25
square each Y score, giving Y25

calculate the product XY for each pair of scorsa:
Tfind 22X, the sum of all the X scores;

find €Y, the sum of all the Y scores:

find N, the number of scores in one set of scores;
find 2"3{2; the sum of the aquares of each X acore;
find LY‘?‘F the sum ol the squares of each Y score;

find Z XY, the sum of the products XY;

substitute in the following equation:




85,

The formula for .he corrslation coefficilent may

8lso be written: Z2XY  _ me XM
=KL - () )

i oo (S‘Dx )(s‘pl,,)

in wvhich M mean of the X scorses
X

M = mean of the Y sccras
v
SDx = ptandard deviation of the X scores
SD = ptandard deviation ol the ¥ scores
'Sl'

Caleulate the product-moment corgaidbtion coefficient

between the two given sets of scores in each of the

following:

X oy X X X Y
89 92 528.1 21L.h 165 hi2
72 71 577.2  275.6 172 L10
88 65 531.3 230.7 183 a9l
91 30 599.2 291.5 192 388
100 92 398.2  180.0 205 382
88 86 L450,0 200,7 25 475
65 75 163.5  21L.6 262 356
78 85 591.L  289.5 280 351
12 65 523.5  21C.3 283 366
100 85 555.5  222.2 290 357
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CUHDTDATONAL PRAMSFER AND PLOVCIARTING

Hriting a Level ihree Program

" . — 3 .
he considered ay a

concgitionnl GO 90 seaemsnt. This stetement collses the

aysvem Lo glilp the nowmal seauencs of program ilnes and

nuwmber follewing the word PIEN, providing

]

oonditions

TP-THEN gtatsmens consists of the wopd IF,

Tollowed by any PBASIC sxpeession. [ollowed by & pelational
crorator, Tollowed hy ary DASIC e: ion, followsd by

Tollowsd by a Line munboe

k . L e, g wre o) 3 T £ e
o thot may be used and theip

& o L less bhan or equal o
meem La greaber than or squal
3

o “ N g St = . .
e L3 BGUAL G < 7F s not eguad o



I¥ the specified condition 1is wst, the system goss
0 the line nunaber dealgnated by THEN, If the specified

)

coendition 1s nop meh. the program will comntime on to
the neit Lins in the program. In the follewing program?
WG IR D 4.0 WIEN 500

LS50 IF D 0 wlEN 530

if the value of D is negetive at the time line LLO is
szecubed, the system will transfer to line number 500,

If this condition iz not met the aystem will simply

[

conginue on tooghe next lins in the program, which is
iine 450,

If D is poaitive ot the time Line LE0Q if¢ excouted,
the ayehen will transfer 4o line 530. If this condition
is neot met, the syatem will continue on ko the next lins
in the propgram which ig line L70. Yhis will cause the
value for R1 o be caleulated.

The [olliowing program ghows how these stzioneniss
ccild be used in a pregram for ca2lculatinrg the real rootns

of 2 guedratic eguation.



88..

LoD BT A, B, AND © ARE 15 COBEFFICIERSg D TH- DISORTAINAT Y

130 L D = BS 2 = LAnG

THEN 500

W

LED IF DY

]

THEN 530

60 BEM  CALCULATING ROOTS MIEN DISCRIMINANT IL ZERO

1770 LER RL = «B/(234)

L0 LET R2 = R

L90 GG 70 550

500 REM MESSAGE TO BE PRINTED IF DISCRIMINANT IS HLGATIVE
510 PRINT "MROOTS ARE NOT HiALt

520 GO TO L20

530 REM CALCULATING .ROOTS THEN DISCRIIIUANT I8 POST IVE
Eho BRI o= (B ¢ 3QR{D) }/ (2

SQRID)Y)(2=8)

S5
WL
b
=
3

£

R

{i

560 PHINT A: By Gy Rlj R2

230 DATA 3, B,5, 1.8, 5.7, 9.9, 1,2,1

When the value of the discriminant 1ls negative ag

the ¢ime line LLO 18 exccubed, the system transfers to

tine 500 which causes the mesaage "“ROOTS ARE Noyp REALW

to be printed out. Uontrol is then transferred to the

RIEAD shatement on line 20,



If the walius of the discriminang iz not nepative

at the time Iine L0 is executed, the system will continmus
o o the nexb line.

When the walue of the discriminant is poaitive of
t£he time line BEO ie executed, the system will transfer
%o line 530, rhe value of the two poots arve caleulated.
the wvaluos of the coefficients and of the two rochks ars
printed oug, and conitrol is transiferred to the RIZAD

stakement in line L20,

3

Whern the value of the discriminent lz zaro &t ths
fime 1ine 1150 1s execuked, the system continues on to
Lhe nexk statemsns. The values of the two rooss ars
ulaned, and congrol is vranaferred to line 560,
This caunaes the valwvez of the coefficiencs and the value
of the rocta o be pringed out. COControel iz then sransferred
back fo the HEAD gdatement in line 1120,

whe lovps In the progiam cauge control to be alwavs
sranaferred bacek to the RisAD statemany in 1ilne 120, When

the syshem sxecubes this steterent and there is no more

doia,. exgcution ol ths prograom is terminated.



It is possible o have centrol fransferred bo goms
statement in the program afger the laai date iten heog
been read and used. Une way of doing thia is to place
a dummy data ivem as the leet iten I & date statensant,
For axample,

600 5 = 0

610 READ K

615 IF K = 99999 TIEN ALO

620 5 = 8 + K592

630 GO w0 610

AL0 PRINY ® SUM OF SQUARES OF VALES OF K IS o, S

650 DAXA 9,9, 12,567, U89.086, 123.L5, LlL.Ll, 1.98, 99939

’

660 BHD

In thisz pregram, the value ol 3 ig Initialized sk

zers, A8 each value of K is read, its value iz squarsd

v
o

iz then addad to 2, Conirol ls then tranalerper

i

1]
At
L
™~
_xh
s
)
w

Ho Bhe READ siatement in  1line 610 which causss the next
value of' ® o be read, squared., and added to 3. the
last deta item, 999399, is a durmy item., When 1% is vead,
the 1IF=rIEN statement in line 615 causss control o be

tranaferred to line SL0 which causes the messans

SUM OF VALULS 0F K IS and the value of 5 to be prinied.



91,

When the duswgy item is read, control 1s transferred
immediataly to line 65,0 before the data ivem is used in
any calculatiocns. The data item is simply serving as a
flag in the program 0 ocnable to have control transferred
after the last data ltem has been read but before
execution of the program Jls terminated.

this method can also be used to transfer control to
the ENWD statement af4er all the data has been read so
that the progrem will tsrminate without an OUT OF DAYA

megsgage being printed out. '

The %two expressicns in the IF=-THEN statement may

be constentaz, variables, or combinations of constants,

arigbles, and operasions.
The line numher Following the word THEN may be any

lina mmbarm thaf oxlists in the program. Howsver,: 1t
mokes no gense 1If the line number following the word
THEN is shat of the nexg line in the program. For
example, in the gequnce ol statemsnis

700 IF X >0 THEN 710

710 W o= LHE o+ K42

the IF=-THEN statement in line 700 serves no ueeful
purpose, Control will be tranaferred to 710 regardless
of what value K is, If K is greager than zero, control
will be transferred te 710 by the IF=THEN statement.

Ir K is neot greager than zero, control will be transferred

to 710 beecause 1t is n2xt in the sequence of the programas
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Exapolass 3.1

L.a)What would be the printout of the Tollowing programs
10 READ 8

Y999 TIEN 99Y

it

20 IF 8
30 IF 3 « 10000 THER 90
LO IF &< 15000 THEN TO

50 LET R = 0%

50 CG 1O L0O

NT USING 326, 5, O

120 % 'POTAL SALES  $AMBSSRFA  COMMISCION  $ENHL A

1
I

10 DARA 11000, 16L0G, 8800, 15000

G99 EWD

=
LW
=
m
b
b

~ite ths above preograwm so that sacsh salssmanis number
and his total sales are read in and sach salezmanis number
sales and commigsion are printed oun, using thas following
data:

Humbez: Sglesn

—mlae

a7 510,090
25 $13,769
1),20 815,555
a7 & 8,960
116 £16,000



2, What would be the printout of the {ocliowing: programn?

BYRERD

5

10

PRINT espa®)  0Bw, 0{3ew

READ A, B
IF A = 99999 THuN 999

I (A = B)L 0 THEN 140

IF (A = B) >0 TIEN 160

IEP C =2 % A+ 3 % B

GO 10 210

IET C=A + 3 % R

GO TG 210

LET G = 0

PRINT A, B, C

G0 TO 10

pava 13, 10, 25, L, 16, 16, 99999, 99999
END

3. UWpite a program for celeoulating the value of

vaiue of

T e
PO

&£ and of ¥, if

X+ Y when ¥ la greater than £

2= X« ¥ when Y ig jesa than X
Z = 3,85 when X and Y are equal,
X ¥
36,765 19.488

3h.23L

23,156

15,49
23,456

-
S

gilven ths
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Test for divisbility.

To determine whether the nutber X is divisibls by
the number ¥, subtract the gquotient X/Y Iron the greatest
integer not preakter than X/Y, I the reasuls of the
gubtraction INI{(X/Y} = (X/Y) is zerc, the quotlient must
be a whole number, ané X must therefore be divisitle
by Y.

If the difference is negative, the quotient must
have digits in ifs decimal part, and therefors X ia not
diviaible by Y.

Wpite and exscule 8 program to determine which of
the following numbera ls divisible by 13.

371,293 %pz%pu@ 62, Thi 517 5,826,809

36,936,931

Quadratie formula.

Using the formuia given in exercise #9 on pare 77,
ealeulate the roobs of the ellowing equstions. I fhe
disceminant 1a negabive, o ot abberob bo enlegdnes

- 4 L F— L R S PR F L o L JooaE R T
ok, Dulk hiove the EEsELa el i OE naedds DEInTan

. o )
8,91 = 11l,L%x + [,51 = 0

2

6,775 + 11,923 + 2L ,09

i

0
B1.23%% = 27.61x + 1480 = 0
2

2Lolisa" - U TYm + 27,27 = 0
o 2 hY 4 [, i
ToT0x" = d8,66x = 70,70 = 0



3.2

ANCRUEIENPING A VARTABLGE J& A T00F

whe value of a variable may be inecrementad by a
Tixed amount each time a loop in a orogram s exscutod
Por srample:

600 Tgr 5 = G
810 LD X =

a
e
o
Y]
e

—

820 LER 5 = 8 + X

830 LET X = X + 1

8L0 IF X = 1137 «HEN 860
850 20 20 820

860 PRIUT S

870 END

vhe purposs of shis program ig to celculate he

gum of all wholz numbarg from 9200 throungh 1136 and 4o
print thav puni, |

Iines 820, 830, 8,0, and 850 constistuts a loop.
~ch time the loop is azecuied, the value of X is
incremenged by 1L and thiz new nmamber added to the
xisting sum, When $he value of A becomes 1137, then

apatemsnt 860, which

_.'.J

exlt is made from the lcop Ho

causes the sum o be prinsed,

m



in incremerntad Dy oons 2ash bige

T R T TR T T
VAL WL ui. 2 LS Ga kLo

=

the nuweber off tises the 1loop is exscvied. Vihis is very

ugalal in ealculativg averages. For exaupls,

o
H]
O

Q00 L&y
910 Ly S = 0
Q20 READ X
930 IF X = 999999 HEN 380
935 RIM 8 T oMk SUM OF ALL X
L0 Lk, & = 3 + X
950 ¢ = (¢ -+
960 G0 +0 920
965 REM A IS wIld AVERAGL OF ALL X
Z70 A = B0
980 Pitliie 4
9ds Dawa  A8358,  897Lh20, 26357, 2039L6. 6R8L93
9385 DAxA 884499, 9248765L, 0923L2. 996633, 2039l |
990 HHD
In this program gthe variable € 1s used as a gounter.
In effeck, it is a count of the muuber of {imes the loop
waas execubted., Sinco this equal o the numbsr of data Itens

vead, 1t can be uged ia calculating the averaps of the

nunheTrs ,



-
W

When a wvariable is incpemenied by a fixed amount

loop ig executked, the increment may be any

(1]
o
o
o
ga
@
jk]

nuimber,. Yo can be a positive number, nepabive number,
whole number or decimal., An ineremeng ol zero would,
of gourge. gerve o ussful purposs.

whe purpoge of Jhe program below is o pring out
the vaiue of the sine, cosine, and tangeng of every
angle from 0° to 130° inelusive that is divigible by 3.
The wariable & is incremented by 3 sach H#ims the lcop
is exscuted. The program itgall generates lts own dota.
200 LEP 4 = 0
910 LED A = Af57.,2968
020 PRINT A, SIN{R)}, COS{R}, wAN(R}
G0 A = A+ 3
QL0 IR 43160 THEN 670

960 GO TO 210

Thie is not the only way a variable may be Lncre-
mengaed each time a loop is executed., Another, mors

efficient meghod is introduced in the nsxt chapier,
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WVhat wouid be the

B

PO

RS N L DR VT IS IR A T I -»;:;l_} e T, ;1
RS P A O §

;‘U FRLAT

30 Lisr X

299 LD

)

1 LT W o= Op 14T D o= )

{0 % = 990590 PR L
A0 Lot Sy owm Do Np L o= W o 3o (00 ) 30
Lo Iger 4 o= B340
A

60 Dala 20, 30, LD, 64, 160, 99999

TO EMD
Par sach ol the foilowing, trite g progrem for printing

P T T T
a) A buble of 21l tomperainres

o £

B An Anoroemient

Gelbrlirads readin

oif one corree 17X =~ 32) where C Ls the

da ol IFoie o the eoncings i

dey poss

[

T reniie ]

A4

&
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ThHis 320F STATHITINT

-

The B5IO0P statewmsnt will cause khe systen o terminate
siecusion, There may be several ST0F stutements in a

program. Vhen the system encounters a S90P siatene v

3360 BASTIC READY

1

and veturns congrol o the user. It seorves the gans
Furpope aa a GO TG 9999 whersa 9999 is the line number
Ior the BRED statement,

Program esxecutbion will be terminated when the aystem
encovingars a Sr0F sgatement, an END statement, an erior,

¢ whan the BESC key 1is pressed,



CHE IOGICAL FULCTIONS BOOL, AND, OR

100 LT X o= BOOL (& = 7))

120 Lax Y o= BOOL (B2 + #4240}

= AVD (A, B, C)

FLO LEm T o= AND (A + B)

'-‘44
"
Tt
o
i
&=
o
=
H

OR(A, B, €}
fﬁe walue of che BOOL functlion will be 1 if the

relatlon within ¢he parentheses is trus and zero il it

s
ia
)
E
Q
g(r
ot
i
=
o
o

If the wvalue of A in line 100 gbove Iz 1, then she

vailue o' L will he sssipned to the variablie X. If the
valus of A is noty 7., the mumber zero will be assipned

k0 K. The computer is Lhandling the wruth walue of trus

23 the number 1, and the truth value of falzs ap uaroc.

frestp upsEhanit

aach

e e

Ihe value of the ARD function will ba 1 47
of the expressions within the parentheses ies non-zeroc.
Ovherwise,. the valus of the AND Funetion will be zerc,
%

che OR fuwaetion will be 1 if any

e value of
expreasion wighin the parentheses has & non-zero value,
if each expressicn wighin the parentheges has a value
of zers, the walue of the 0OR function will be zerc.

Wigh both the AND function and the OR function, the
syetem ig handling vhe truth value of the expression
vithin the parenthesses so ¢hat zerc has a trunh value

of false and non-zero nuwbers have a jruth value of frue.
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SPRENG VARIABLES

Variables may represen: things other than nunbars,

Varliahles mway repressnt any #B431IC alpbanuueric characte

real

T

including digivs, letiers, and BASIC apecial characters.

i3 £5
A set of alphanuiercic charocters encloged within double

quotation marks is called o literal astring. You aps

already Ffamilizr with Literal strings uased In PHINT

wf
statenenitse

A variablis usad to reprasent a literal string ia

o

ol ainy

-
£

¥ Tollowed by Examples of stying varial

namss aras Al W& ik JREN

AT vV s ; o ¥ ol b less b
L L naeradl soioung maw bG arny Lengtn shan o2n Ha
=) J B Lk

exprassed on one program line. llowever, a airing variabls

apriny: variable, A atring variabls name consgis

v Ay
BT

la

~

CanR represse a literal sgtring of oniy up to i8

Sgring variables permilt the ussr to iapat. prosess,

cobput, and print Liveral strings such as names, addrss

pait numbars, and report titles.

fhe Following program is intended for reading parg

SIS H

numbera, ¢he munber of each pari on hand, calculating the

al number of part WBG on hand, and printing out this

togals



10 Tisp T = 0

30 READ BS, X

LO IF B = WZzvZZ v Akl 60
50 IF Bg = wwacﬁ*°xumm‘2£;
~5E G0-20-20

GO F =T o+ X

OG0 TG 30

ot PRIND ¥ Raps MUSRERRY, BL. WIODAL U HaRD, R

74 Ly

T P o T :
AR R bt AN Ty Bind g

9% DATA UWEHCL Y, 8766, PABCTY, SLb. WWRCL Y, LS50
92 Dazs WWHGL Y, 1L96, MWWRIAY, 187, WWRET, 1450

DATA WZ2ZZ772%, 0

D
(s

9999 END
The ocuspup from this program would bes
PARY NU IBER WBGl TOTAL 0O HABD 5501
Ari Jwmetic operations cannot be perfornad on
on string variables., However, each elphanumeric character
is actuwally handied in the computer as a numcric code,
‘'"marefore, alphanumeric characters may be comparcd for

equalily, and Tor grester than and less than relationships,



101.

Gy

Below is an aszsoreimsnt of gtatements contai 1o

Literal abrings and string variables wihdeh ahow 5o

varicus ways they mav be used in BASTC stetonents,  Line
numibers have been omibted,

LET NE = o [IJKTPY

TP BL NS THEN 90

IF P = MGGHET THUN 9999
PRIBT HNAME IS, AS
LET A% = Mb

FEARCD YL J8 THAN A0
IHPUT A%G, BS, v
READ Y&, U, ®

LET A% = SQIMARLES HARRISOWN Y
TaTEE =0 34685 ROTT TERRACKH ¥

w0 = SCHENEQTADY ., W, v

L.H

PRIHT AL, ., Of

The PRINT USING and fmage statements are used Terp

alphanumeric string variables snd 1itersl stringa. Ench

l-g‘-j

17

character 1n the lmage statenent Tormat is replaced iy
a chayracter in the 1iteral string,

1O LI A% = SHENRY JLEPERS0E «

T

P Lo i Ji JdE L7t it gt st
30 % SALES T W S Pt
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The text is priniod out left-justified, with M
being :I.nsqrtod on the right. If the text styring 1is
longer than the format specification, the text atring
is truncated on the right, The' printout of the abave
program would be:

SALESMAN: HENRY JulPPERSON
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Exercises 3.5

-1, What would be the printout of the following program?

10
20

READ A$, BS, C§, D§
PRINT Cy, B§, A%, D§

30 DATA ST ARRANGE IT CORRY, #OD SENSE IF YnU Ju®

31
32

DATA '“"THIS MAKES VERY GOY, {*ECTLY %
END

2, What would be the printout of the following prosran?

10
20
30
31
32
33
LG
50
60
70
80
81
32
3
8l
90

PRINT MEMPLOYEE ", "GROSS PAY"

PRINT

PRINT

R H IS THF NUMBER OF REGULAR HOURS WORKED
REM R IS THE HOURLY PAY RaTE

REM V IS (He NUIMBER OF OVERTIME HOURS “ORKKD
READ Ny, R, H, V

ILET P = Ri#(H + 1,54V)

PRINT N$, P

GO TO L0

DATA WGEORCE ‘ARS™, L. 4O, LO, L

DATA WHENZY JOLkES®™, 6,00, L0, 8

DATA #HAROLD TLLER®, 7,10, 33, 0

DATA WRRIC LARNCK®, 6,60, L0, 2

DATA YPETER MASON®, 5,20, 32, O

END
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3.

90 |
| 100 PRINT USING 310, B§, F§, GO
200
210
220
230

3.

Describe the printout of the following progrem,

10
20
30
Lo
50
60
70
80

READ AL, BV, CO, DL, B, F§, GL

PRINT USING 300, As

PRINT USING 310, BS, Cy, DY

IE? X = 0

LT R = X/57.2954

PRINT USING 320, SIN(R), COS{R), TAM(K)
LET X = X + 1

IF X360 THEN 100

GO TO 50

LET X = O
R = X/57.29506
PRINT USING 320, 1/SIN(R), 1/COS(R), 1/PAN(R)
IET X=X +1

24,0 IF X >360 THEN 350

250

G0 10 210

260 DATA MPRIG RATIO TABLES®, ¢'SINEYW, WCOSINEY, " TANGERTW

270 DATA WCOSECANT™, WSKCANTY, WCOTA; GiNTY

300
310

4 - H R S
Rt HHBRH #t R YA LA

320% #itH o Wit #iit# o H iT# #lii# il
350 END
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3.6 THE SR CTI0
The STR function permits the user to axtrase,
amxine, compare, or r eplace a spesified persiom of
an alphamweeric string.
STR(D$, S, 7) means to take the seven charasdape
beginning with the fifth of the string Df.
~ STR(E$,9) means to take the remminder of the si9lng =
E$, begiming with the ninth charecter.
The STR funotion may be used on either side of an squal :
sign or ghdation, It ocan be used in any BASIC stasenen® | 3
where alphammeric variables are permisaible. -
Below are some exnnplo.s of some statements comtaining .
the STR funotions, |
10 LET Bf = WABCDEFGHLIJKLMN ®

20 LET C$ = 3™(B$,6,6) ¢$ 15 set to the aix
charecters in BS
with the sixth, SFOHIIEKY!

30 LET DB = SwR(B$,8) " D§ 1s aet to the remaindor
of BS§ atarting with ths
eighth character, nxmmn-

4 ' '6 =
ho STR(BS.,6) = C$ | ”obam”:tm ] tgg:ugh’ .

50 3TR(E$,1,3) = 3M(D4,5,3)  charmcters 1 through 3 &n . .
~ | E$ are set to 'LMN! which . - E
:~;§

ST AL L i e
B JRVPRNIOC £V N 5

R A AP T e

SN W

R Ea
Rl G

. B N " Y N ..
# PR LR ¥ S T ) [
St OGRLE K St R

P

L

are the three characters =
in D§ astarting with the rxrb.

60 IF STR(B$,3,2) = 'NF! THERK 90 If characters 3 gnd L in
in Ef are !'EF!, thon '
is tmten'od to 1line 90, |
| This funoction is used a great deal in updating master
files, 1including changing addresses, and correcting errors sush as

errors in a file of report card grades,

>,
g : ;f., i “".
’.Wﬁm, A T ew

>
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1. Uhai; wam ‘be the output ot each of ths following wrowre 1"‘;":

/m
ﬁw’\

10 nw%. BG, C$

20 IF A = *END® THEN 120

30 mi'é‘:usne-, P, JOHNSON" THUN 60

.4 40 PRIN® Ae, Bs, ¢t

o 50 60 ﬁ |

o 60 LET B§'= 1717 DUDLEY AVE®

7 70 PRINF A%, B9, Ch

8o GO 10 20

90 DATA A, W, ANDIRSQH*,"1836 NOTT TERRAGKY, *SCHRNFOTADY®
100 DA #C, P. JOHNSON %,%1721 FOREST ROADW, #SCHERUGTADYW

110 DATAW. W, STOWE®, #1197 ALBANY STW,"SCHENECTADYY

E& %F nEm)u WEND W, ngm)vl

. b) b
% .10 nmﬁjxs', M3
,, & 20 IF N§.= "HENRY MARTIN® THEN 50
\ _— 30 PRINT. NG, M
o 4O GO T0 10 ‘

50 IET M =wF D D CW'

60 PRINT N$, M

70 GO 70 10
" 80 DATA #GEORGE mxz,'roxgu; A B A CW
90 DAﬁL,W;zy MARTIN®, #B B C B
100 DA iiq}mzswomm GEORGE ¥,

a)

H"Ep P D C¥
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10 READ A$

20 IF A$ = WEND* ‘HIN 180

30 LET WE = n

4O LE? X = u u

50 LET STR(R$1,1) = S™(A$,1,1)
60 LE? STR(R$,2,1) = X0

70 LET STR(RS,3,1) = ¥§

80 LET SPR(RS,L,1) = STR(AS,2,1)

90 STR(R$,S5,1) = X$

100 LET? STR(R$,6,1) = v§

110 IET STR(R$,7) = STR(A$,3)
120 PRINT R$

130 GO T0 10

140 DATA ‘® PWMONALLY ¥

150 DATA “LAARMSTRONG *

160 DATA #CBCHARBONNEAUM

170 DATA WEND®
180 END




2,

d)

20
20
30
40
50
60
70
80
90

READ A§, B§,

LE? € = " IS937ISFr'WNYUN®
LET M} = STR(AS,1,4)

LET sm(ns,l,zs) - smm‘,ﬁ)'
LET STR(N$,3,1) = STR(B$,1,1)
LET P{ = STR(B$,3,5)

LET sTR(QS,1,2) = STR(BS,H8)

"LET 8TR(Q$,3,2) = STR(C$, 1,2)

LET R$ = STR(C$,6,2)

100 LET STR(7$,1,1) = STR(C$,8,1)

110 IET STR(T$, 2,2) = STR(C$,13,2)
120 PRINT USING 130, M$, N§, P$, Qb, RS,

130 % ##41 #i HEHH R 1
140 DATA “DONTKOOKYO ¥, *UVTHINKTH
150 END

Write a program for reading in each of theioodo words

“below and changing the middle three lette
word to WKV and changing the middle three
each of the other words to the last three

the word thats follows 1t.

WABVPQRTV
AQIHOPENF
CJDRGKLME
UYYGWWZXV

rs of tho last
iettera of

letters of

Sap
e
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3.7 TE REGTORE STATEIUNT
100 RESTORE
120 RESTORE 6

The RESTORE statement allows repetitive use of data
in DATA statements,
When RESTORE 1s encountered, the aystem ret:rna
to the firast data number, This means a set of d:ts re:
be used several times in a program,
| mé"f;eatemnt in line 100‘ above will cause the systam
to retwrn to the first data value,
Tha statement in line 120 above will cause the systenm
to return to the sixth data value.
| The program on the next page will cause the system
to print out the values among those tn the given data
whose square is less than 197,000 and also to print out
the values among those in the given data whose cube 1is
less than 1,011,789,
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PRAS T D A

10 PRINT USING. 200

20 PRINT USING 210

30 READ X

LO IF X = 99999 THEN 140

50 LT 8 = X4 2

60 IF S>>197000 THEN 30

70 PRINT USING 220, X, S

80 GO TO 30

14,0 RESTORE

1,5 PRINT USING 230

150 PRINT USING 240

155 READ Y

160 IP Y = 99999 THEN 300

165 LET C = ¥43

170 IF C)= 1011789 THEN 155

175 PRINT USING 250, Y, S

130 GO TO 155

19C DATA 92, 98, 165, 170, 432, 450, 467, 499, 99999
200 4 DATA ITEMS WHOSE SQUARE IS LESS THAN 197,000
210 % DATA ITEM DATA ITEM SQUARKD
220 % {itiiI i ALY ML
230 % DATA ITEMS WHOSE CUBE IS Liys ©HAN 1,011,789
21,0 % DATA ITEM DATA ITEM CUBED
250 % A RIS A
300 END
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Exercilses 3,7

What would be the output of the followini; program?
10 PRINT ¥XW, "X SQUARED #

20 READ X

30 IF X = 99999 THEN 70

LO A = X492
~ 50 PRINT X, A

60 GO TO 20

70 RESTORE 2

80 PRINT stX%, #SUM OF X AND X S‘QUARED "
90 READ X

100 Ir X = 99999 THEN 120

105 LET B= X + X4 2

110 PRINT X, B

115 GO T0 90

120 RESTORE S

130 PRINT "XH, #X CUBED®

135 READ X

Yo IF X = 99999 THEN 170

45 IET C = X493
150 PRINT X, C
160 DATA 1, 2, 5, 6, 7, 9, 10, 99999
170 END |

Tt e e ey
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3.8 PLOWCHARTING

X o, A3 s " s A N B T A
R Sy AR € MG ENR R PN 2 AN

iy MR PR

e

¢

LWL .

general plan of a program should be forsmlated
bofor tho program is actually written out in detall.
One type of such a plan is a flowchart, in wvhich flgures
such as circles, rectangles, and diamonds are use’ te
represent the logic of the solution to the probdlen.

A Yow of the symbols commonly used are:

LS

C::) The terminal symbol, used to repressnt the

begimning or the end of a program,

The operation symbol used to represent
calculations, It is also used to repre-

sent any process not desoribed by any
other more specific symbol.

The decision symbol, used to indicate
where in the program a decision has to de
made, quantities compared, or a question
answered before the proper path throupgh
the program can be determined.

O The conmnestor cynlyol used when a flowchart
must be continued onto another page or
when there 1s a break in the path «f the
line of flow,
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The flow symbol indicates the direction of flow throurl
the program., The directlion of flow is usually fror: to}
to bottom and lett to right whenever posaible, :low

lines do not cross.

The input-output symbol represents the plooe

in the program where data is read into the
system or where the system produces printed
output,

There are several other comnonly used symbois, some
of which are introduced in later chapters.

Flowcharting of some type is usually essential
in plamming complicated programs. lowever, the best
way to learn flowcharting techniques is to begin by
flowcharting even the simplest programs,

Flowcharting is an aid in planning your progranm,
in debugging your progrem to find programming errors,
and in attempting tc explain your program to others,

A flowchart may be prepared by sketching the symbols
on papér, or by use of a template which 1s a clear

plastioc plate containing cutouts of the flowcharting

symbols,
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A flowchart for plamning a program to caloulate the
length of the hypotenuse of a right triangle wlien riven
the lengths of each of the two legs, using the Fythagoread
relationship ¢ \zz + b2 4 might be wriiten as follougs
The prorrag mé ht ther
be written as:

20 READ A, B

20 IF A = 99999 MY § .

30 LET G = SQR(A®2 + BP2)
LO PRINT? A, B, C

50 GO TO 10

999 END

Calculate 01

o 7+ 02

Print
a,b,0




1s.

The following is a flowchart for planning o pro;res
to calculate the resal roots of quadratic equations,




Exercises 3.8

1, We tho*progm that has been outlined in the following
- £ 1“0“1“&0
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2, Write the program that has been outlined in the following
flowchart, Data may be omitted.

E
2 5
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i el
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T=4.5%
oF(m-A)
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3. Plowchart each of the following programa.

a) ' |

S LET S1 = 03 LET S2 ™ 03 LET N = 0
10 READ X

20 IF X = 99999 THEN 70

30 LET S1 = S1 + X

4O LET S2 = 82 + X4 2

SO IET N = N + 1

60 GO TO 10

70 LET A1l = S1/N
80 IET A2 = S2/N

90 PRINT A2, A2

100 END

BE
o
4
[
&
i
S
b
&
o
e

B)

50 LiT € = =50 .
60 LT F = 9/5uC + 32

70 LET C = C + 1

80 IF €C»100 TH&N 110

90 PRINT C, F

100 GO TO 60

110 D
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" with M which has arbitrarily set at -1,0K+60, a very
 amall number. Since X is greater than M, the program .

‘this value of X will be stored in location M. If X is .. ?ﬁ

- - 5 RE
, \{MIF X =
20 READ X- 15 M=X

25 IF X = 999999 TH:N 70
30 IF XD M THEN SO |

40 60 TO 20

50 LET M= X

60 GO TO 20

70 PRINT WHIGHEST SCORE IS'% M

RN
A6

80 END

The program above will determine which number in :
a given set of data 1s the greateat number,

When the first data item 1s read, it 1is odmparod

will branch to line 50 which will cause the value of “;'“3fj
X to be stored in location M, B é' e

' The next data value will then be read. If it is ,‘
greater than M, the program will branch to line 50 and } 1:’;i

npt greater than M, nothing will happen and the program
will branch back to line 20 to read the next data value,

The value of M will always be the greatest valﬁe of
X that has been read, The program will therefore

determine the greatest number in any given set of numborauf
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‘me‘. following progren will determine the leaa?
number in any given set of numbers,
10 LT L = 1,0E+60
20 READ X
30 IF X = 99999 THEN 80

4o IF XL THEN 60

50 GO0 TO 20

60 LET L = X

70 GO TOQ 20

80 PRINT “LEAST SCORE ISW, L
90 END
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3.

Lo

Eméroiaon 3.9

Write a program that will determine the greatest an
also the least score in any j;'iven set of scores, '::it

the data,

Write a program for caleulating the maximum valuc e~ ¢
given sets of values of A and Bif C = -A3 + 13.6ii = YO,
omit the data. |

‘Writc a program for calculating the maximum value of k

1f K= gin X + cos X - tan X, as X varies from =1.5708

to +1,5708 radians in increments of ,.07% radlans.

Write a program for calculating ;he minimum value of Y
I
1f Y = 31325 - 2.12x° - L41x +|16.11 as x varies trrom

-1l to +1 in increments of .1 .

S A

o B




3.30 PACTORIAL N -
Pastorial n, denoted by af, 1s defimed as

ni = n(n - 1)(n =~ 2)(n = 3) «co(l)e That 88, 55 ® S%3-2}
or 120, 0} is defined as deing equal to 1, |
. The following progrem may be used Se dIssinte »p
%f} ;  ,,- when n 1s 2 or,aroacer;
1 i 10 READ N |

20 LET Y = N

30 LETA =N ~ 1

LO LET Y = Y 3+ A

S50 LET A=A -1

60 IF A = 0 THEN 80
- 70 GO TO 40

80 PRINT N3 WFACTORIAL IS EQUAL TOW; Y

90 END

- The largesat factorial that the computer can handle
1s abopt 50! |

oy PR
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. Exercises 3.10

1, Modify the above progrem ao that when N = 0 the nessege
ZERO FACTORIAL IS BQUAL 170 1, and when N is negative,
the message NECGATIVE FACTORIAL IS UNDEFINED 1s printed

B o, . "
LA »
s Y
AT T s
Ra%es ok Coemr  AVALL

out,

2, Write a‘progran to determine the largest factorial that
oan be handled by your computer,
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and the following =peeificarions: : ‘
1. A REM statement giving She progreumer's name, ¢-$» oy
and lenl ol’ the program. | :
2. A REM statement giving the title of the preyses,
3. One or more loops using an IF-THEL stabmment o . %
from the loop.

Optional features for the program include:
a) dummy data item;

b) incrementing a variablo in a loop;

a) the STOP statement;

d) the logical funotions BOOL, AND, OR;

‘@) string variables; _

£) the STR funetion;

g} the RESTOHE statement} <

h} PRINT or PRINT USING statements for printing
appropriate column headings;

1) PRIIT or PRINT USING statements for printing

values in neat colunns,
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Exercises 3.1l

Prepare a flowchart and write a lavel three program

for one or more of the following problems,
o Algebra Ppobloms

1. Divisibility. Using the techniques descrited on puse

' 92¢, write a program m testing each of the followinc
numbers for divisibility by 7, 13, 23, and 31,

313,497 . 5,837,903 63,509,717
5,927,913 36,936,931

one whoaq only faotorq,.;h itself snd one, Two is prine,
Ko evoﬂ-m@er greater then two is prime because it has
‘two as a .rgotoro |
| To det&rmino whether N is a prime number, test it
f;ir divinibility by all odd numbers groater than one and
less than the aquare root of N,
a) Virite.a program to test whether 51,051 is prime.
b) Write a program to test whether .a'rw given set of
nmnber-a"containa one or more primes. Ouit data
from your program, -
c) Write a program to determine which 1nte;§ers less than
500 are primes, | |

2.,'42_13@_3@&;. A prim,e_hmwer 1s eny integer greater than -
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3. Pib%odm ers. The first elaven Fibinaesi nunbers
are 1, 1, 2, 3, 5, 8, 13, 21, 34, 53, and 89,
Ench nuhber o8 a Fibonaccl series is tho sum of the t.o
. numbers immediately preseding 1t.

&) Write a program to calculate and print the first 1lu
Fibonacci numbers, _

b) Urite a program to deminstrate that the square of
any number in the Fibinacci seriesn and the product
of the number just before éAd Juat after 1t ir tho

series always differ by 1.

. The value of sin x. If x 1s expressed in radians, thon

‘,mxaxf_x3+x5__x7+x9_.
b Al (A

a) Write a program for calculating sin 37° correct to

four decimal places,
b) Write a program for calculeting sin X as Xx increases

from O to ® radians in increments of .1 radisns,
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5. §£§gg2£_l£ggg;‘aqpationa;ip two varigblgg;
S If Ax + By = C and Dx + Ey = P, then

"xBGE‘-,Eandy-AF-CDo

If AE - DB = 0, thero is no ‘unique solution to the

system of equations.
~ _Write a program for calculating the valuo of x ard y
*-1n each of the following sets of linear equations, If

~thers 18 no unique solution to the system of equations,

‘<3 have the-message THE EQUATIONS ARE EQUIVALIFT OH

| - INCONSISTENT printed out,

;lf_ i) x+2y=5 b)2x -3y =16 ¢) 5x = 3y =21
&0 ex-sy= 8 3x+2y=1l  xe2ym-l
éﬁa: o Ay 2y = 3 o) 1.83x =~ .57y = 153.L
S - 2z + Lhy= 6

5067x + 9.367 = -'13902

6. Factorial n;3 a) Uging the routine described on psge 122,
write a prdgram for calculating all values of Y, given
© the values of X below, 1f ¥ = 6x? + 738

i

X= 7,11, 13, 16, 17, 41.39
b)) Write a program for calculating all values of

W, given the values of X below, ir W= X ~ 3%
o = 3N
X=3, 8 11, 16

)
=
3
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7o “"Pomtatm e A permutation is an am;oment of & ,rour
of -things in a det'inite order, The threc letters 4, -,

and C can be arranged in six different crderss ABE., . &, .-

, , ..
. T i e e N N g L
X CRIENEING G S T O R SCH A TR NS

BAC, CAB, and CBA., Esch 1s a permutation,

. The nuuber of permutations of n things taken n &t r ;
| time, written P, 1s Al ‘here are 31 or 3°2°1 or £ :
- permutations of the three latters A, B, und C 1f talen ‘

three at é tine, g

'l'hb ‘number of permutations of n thinga taken r at
. & time is nfp = ()n = 1)(n-2){n=«3)n=L) ccc(n=nr-~ 1.
_‘mq number of permutations of 7 things taken 5 at & tire o
| 48 7°6°5+4°3 or 2520,

NSORR 1 S ' REVNPIG

| This may be stated in another weys

nPr = the product of th» first r factors of nl.

- .
: I"_ oy e

Still another formula for stating the same thing 4a

nPe % BL - Thabds fg = )= 7e6e5elageaed

n=-py

L
% ORI

his is equivalent to the first five terms of 7). This IR

PERAN y
R 3 S SR
R R s

7o
kel o

~last formula 1s often the easiest one to program.
el Write a progrdn for calculating the number of

different orders in which X number of studer:ts can be

arranged in a lineA when X takes on the values of 32,

-39, 17, i, and 23.




b} The number of pernmutations for n different things
arranged in a circle is {(n - 1)§. Write a progra: fov
calculating the number of different orders in which Y
nuwsber of psople cun be arran;ed in a circle when Y trier
on the values of 26, 23, 31, 37, &nd Ll,

¢) Write a program to calculate cach o the foliowing:

2sf7  2sfyy 139 137 9fe oF3
g7 6% P pPn 21t 2t
From the results of this program can you see any
relationship between the values of nlp 80 P n?
between nPn and P ?

n n-1

Combinations, A combination is a definite group of elenants

without~rogard to their arrangement among themaelves;
If the four letters A, 5, C, and D are taken threc
at a time, four different combintaions can Le formed: E
ABC, ABD, ACD, and 5CD. In combinations, the order of
the letters does not matter,
The number of combinations of n things taken r at

a tine 1s written nCr° It 1is equal to the nuwiber of

e Pedaien Al ey, e

permutations of n thins;s taken r at a tirme, divided by »pl.
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P,
C =n = . . nl
n'r © B~ o=
c.= |y = ].-30201 = u
h 3 i§3' 103020T

Write a prosrun to calculate each of the oliewt: -t

13%¢  13% u% uls

13%3  13%2 o% o8
From the results of this program do you aee :ny

relationship between ncr and ncnﬂr ? hetwesn ucn Lt

nCn-1 ?

‘ 9. i3inomial expansion. In the rth term of (a + b))
' the exponent of b ia (r =~ 1);
the exponent of a isa (n - r + 1);

the coefficient 1is nCQr . 1)

The rth term = C(..y )an"” 1 pr-1
Urite a program for calculating

the seventh term of (x + 3)13
the eleventh term of (x - 11.31 )21

the fifth term of (3.17x - 1. o3)9




10. Random numbera., Write a progrant for jcnerating 25 randon

i1,

130, - .

nwibers between C and 1, 3G random nurbors ba .wseen 1O

and 100 and S randon pumbers betwecn 10U and JLUC,

Quadratic lomiaula, a) Write & pro.ram for cuiculqxiny

the real footn of each of tic ollowin Guaaratic ~ .. .l:nv,
If the roots are not real, have the reasega VY T 0 B oL
printed out,

b} Medify your program so that each conplex er;

willl be handled in the canputer as two real awbhers i .40

G where F = =b and G =|/|s? = Lue] o
Za — T

Have the two real numbers printed out an the comple:.
number  + G1, Do this for cach coijplex roois, ‘~'a§
6,1x° = 13,6 X + 25,7 = 0
. 2 . )
lolx + 9031 b (,-97 = U
17x° + 8x + 5 = 0 .

loux? -2x =1 =0

16:2 +dx +1=0Q
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12, MAximum aﬁdvggnimum values, Write a program for caloculating

13.

149

all values of ¥ and for printing out only the maximum and
minimum values of Y in each of the following equations

as X varies from -60 to +60 in inorements of ,i,

a) Y=20 - 6x°+ 7

Y = 3x0 - 152° + 16x

c) ¥= 314 - 4:3 - 12x2 + 3

d) Y= x> - 27x

e) Y= x5 - 5x + 2

- STATISTICS
The geometric mean. The geometric mean of a set of N
numbers 1s the nth root of the product of the numbers.

@ =<7&,x2x3,..xn

Write a program for calculating the geometrioc mean of each

the followlng sats of numbers:
a) 2,8,7,9,10,23

b) 1,3,9,7,11,11

o) 1,3,10,20,30

The harmonic mean., The harménic mean, H, of a set of N

numbers 18 the reciprocal of the arithmetic mean of the

reciprocals of the numbers,

Write a program for finding the harmonic mean of each of the

following sets of numbers,
a) 3,5,7,8,9,10
b) 345,567,99
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If a person travels a given distance at an averege rate
of A miles per hour, and returns at & rete of B miles
per hour, the averege speed for the entire trip 18 the
harmonic mean of A and B. Write a progrem for finding
the average speed for each of the following trips:

tri av, snged going av, speed returning

#2 A8 . 61

#3 ‘ 350 ' 275

#4 642 _ 751
#5 511 T11

The root mean square (r.m.s). The root mean square

or quadratic mean of a set of nmumbers is the square
root of the mean of the sum of squares of the number., .
rms =‘FZ
n
Write a progrem for finding the root mean square of each
of the following sets of data:
a) 87,67,65,67,89,88,76,93,,83,91
b) 3,5,7,6,4,8,2,7,8,6,5,4,8,7,6,5,9,9,8
o) 234, 567, 853, 472, 4987, 445, 666
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133.

The mean ggé;gtiog, To find the mean ‘déviation or
average deviation of a set of N numbers, .
@€ind the mean of the rumbers, X;
subtragt the mean from each number and sum

the absolute values of the results,EIx - Xi;

divide by §, ¢ - X|

M.D.=‘x-x :

vrite a program for finding the mesn deviatlion of the:
following set of data:

87 89 65 8 93 87 88 68 T4 30

67 78 73 91 29 T8 76 T4 93 T7

Range of & set of scores, The range of a set of scores
is the difference between the greateast and the least
value in the set of data,

Write a program for finding the range of!a set of data,
The data 18 to be supplied at the time of execut ion of
the program, Therefore, have the program oontain an
input atatement,

1

e R
ESSCPREL JUNPE FVT AV

g weal,
JECE O S S

=

o R
i ot s Bl T

PRI

R
YRR Tr) CPE o)

£

3 o N .
A Pt K
PR AR TR,

s s B N,




o,

19. . Standard deviation, The standard deviation of a sdt of .

scores is the root mean square of the deviations from

the uean; It 18 also ocalled the root mean squere deviation,
It is equal to the squere root of the result of
subtracting the square of the mean of the sqores from

the mean of the squares of the scores.

§«» S. D. =:\/rx2 - (X2

write & progrem for caloulating the standdrd deviation

of each of the following sets of ascores,

A set_#1 Set _f2 Set #3

89 48,1 2018 o
oL 88 55.6 2021
‘ . 76 T7.2 2023
B 4l 91 81.3 2024 2
L 88 90,4 2027 3
. 85 93,2 2030
; . ' % 96 ° 2 2030
. 89 97.9 2031 E

98 D 2032 "f(,:

98, 8 2034 .

99.9 2035 A

S 2037
A ‘ 2039
2023
;o 2041

‘ : 2047
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20, gorre;étiég sgefficient. A product-mement formula

for the linear correlation coefficient 1s: ; ~ \5§

L EXY = (£X)(LY)
prax’- @or]pert-@n?

o y P . .
R P S S0S  PO o T A

Write a progrem to calculate the linear correlation

coefficient for the values of X and Y given below.

75 78 . =
73 76 . Lo
77 78 Lo
T4 [45)

78 78

72 75 R
70 7 L
88 T4 ’ L
68 80 a
T7 7
79 T
81 T9

X Y ' e *f’

g

R AN S R st i
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21, Ire distributio Urite a‘prosnll to ocaloulate
the number of measurements that fall into each of the

following olasaes .or oategories:

60 - 62

63 - 65

66 - 68

69 - T4

T2 - T4

Use the following dats,

60,2 66.0 68.3
67.0 64,1 63.2
63.1 61.3 66.4
66,3 63.0 68.0
64,0 66. 1 61.9
67.1 67.3 68.0
64.0 66.1 61.9
63.4 64.8 64.9
67.5 66.7 67/2
66,2 67.9 68.4
67.8 68.3 73.6
69.0 66.8 68.6

71,0 T2.3 74.0
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Uﬁtdhgééi*;&oréaa ’If‘dbviations from the mean are

oxprosaqd~in tems of thé sténdard'déviation, they

- ealled aﬁaﬁdard unita or standard scores, They are

also called z~scores. A z-score is obtained by

‘dividing the deviation from the mean by the standard

deviation.,

2= X « R

tirite a program for calculating the standard deviation

-of each_of the following sets of acores and for

converting a score of 112 on the Chemistry test and

a scoré'or 139 on the Physics test to g-scores. ‘'/hich

" of these two scores is relatively better?

Chemiétgz . FPhysics
99 - 200
100 190
115 - - 250
1 186
88 175
76 150
120 202
55 190
125 187
108 189
109 . X 140
112 * 165
L 178
150

200

ooty WL G % R
i R i T s
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ALGEBRA PROBLLEMS

23, Approximating real roots of hijher degree squations,

Write a program using the SGN( ) function that will
determine Qhether the value of f(x) is positive,
negative or zcro for each value of x as X increases
from -20.to +20 in increments of -0l. whenever there
is a change in sign of f£(x) for two consecutiQe vadues
of X, one root of the equation lies botween these two
valhes.of X, llgve the program print out these values
of X, From these results, determine the real roots

of the equation to the nearest tenth. ‘
‘Modify your program to find the rea' roots of the equations
to- tho nearest hundredth,

f(x) = x>« 3x° + Ux - 5 -3 4 hx=5=0

f(x) = 2;3 + 6x2 = X + L 2x3 + 6x2 ~x +| &0

r(x) = pr + x° - 10 axlt 4 x° =10 = 0
rlx) = Zxk‘+ 6x2 -5 oxk + 6x° =5 =0

£(x) = 2% - 5x° + 9 « 15x3 + 2022 - 10x + 12

xb - 5x5 + 9x)4 o 1513 + 20x2 = 10 x +




BUS INESS PROBLISHMS

Social Security tax. Wrlte a program for calculating

Socinl Segeurity tax (also called FICA tax), 1f the
‘tax rate is L.8% of gross salary on the first i 7600
earned in a calendar year, Thcrb is no FICA tax on
earnings over { 7400.

Column #1 18 the total salary paid prior to the
present pay period since the beginning of the year,

Column #2 is the earnings for the present pay period.

Col #1 Col .2
$5205.00 $520,50
$6147,00 $614,70
$86814..00 $881 .40
$7500.00 £750,00
$T7788,00 $778.80
$4,360,00 560,00
$8,50,00 £983,00
$7150,.00 $665.,50
§ 7200,00 $718,00
$7000,00 $800,00

139. .
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Federal income tax.

where TI is taxable income;

CI 1s gross income;

& | given gross income and number of dependents if

PI = GI - (625)(DEP) = (105)(GI)

0.

Write a program for calculating

Paderal income tax on income bhetween {6000 and {16,000

DEP is total number of dependents and exe.iptions;

The tax table is as follows:

Taxable lncome

/6,000 to 8,000

w8,000 to §10,000
$10,000 to 12,000
12,000 to $1l;,000
$1L,000 to {16,000

DATA: Uposs Income

416,000
15,570
15,250
1,780
13,500
13,125
12,800
1,819
8,000
7,250
10,777

Tax is
$1130 plus

%1630 plus
«2190 plus
$2830 plus

m3550 plus

DEp

-t

2

MM M O F NV N v N e

25%
28
32%
36,5
39%

of
o’
of
of

of

amount
amount
anount
amount

amount

over

over

oveor

over

over

16,000
8,000
£10,C00
$12,000
0 HIN oo
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26, State ;neqpe tex, Write a program for calculating

New York Stute incame tax on incomes between $7000
and $17,000 given gross incoms and total number of

dependents and ax=2mptiona givon in exerslse 28, when

the tax table is as follows:

ﬁ?r : Taxable income Tgx i3 |
2 - $7,000 to $9,000 $260 plus 6% of amount over $7.000
E $9.000 to $11.000  $380 plus 7% of amount cver $9,000

$11,000 to $13,000  $520 plus 8% f amount cver $1i. 000
$13,000 tc $35,000  $680 plus 9% f amount over $53,000
$15,000 to $17,000  $8610 plus 10% of amount over $15,000

27, Mortgage amortization,

a) Wplte a program to caleglate the number cf monthly
payments ¢f $230 each necessary to pay off an
$11,000 mortgage if the interest rate is 7,5%.

The monthly payment of $230 includes interest,

b} Write a program to calculiate the amount of h@rtgage
& peracn .ould afford if the 1n£erest rate i3 6,5%
and he can afford payments of $200 a month, ineluding - ‘Ig

both prineipal and intersest,




Ls1 THE FOR AND NEXT STATEMENTS

142,

CHAPTER L4
THE FOR LOOP
WRITING A LEVEL FOUR PROGRAM

10Y=0 10 FOR Y = 2 to 100 STEP &
20Y =Y + 2 20 8 = Yg2
30 IF Y>»100 THEN 999 30 PRINT Y, S
uo S = Y42 LO NEXT Y
50 PRINT Y, S 999 END
60 GO TO 20 |
999 END

The program on the léft above will print every
even number from 2 to 100 inclusive and its square, In
the program at the right above, the same thing is
hccamplished in a shorter program by use of the FOR
and NEXT statements, The program lines in the range of
‘the FOR statement are executed repeatedly beginning

with ¥ = 2, Y is then incremented by 2 until the value

of Y passes 100, The general form of the FOR statement
18 FOR A = B T0 C STEF D,

The varisble A can be any scalar variable, The

 progranm lines in the range of the FOR statement are

executed repeatedlyp beginning with A = B, Thereafter,

- . ,4‘."‘ T
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A‘ia indﬁémenbéd by D until the value passes the limit
abeciried by C. The STEP portion of the statement may
be positive or negative or~may'be anitted., If omitted,
& step size of +1 is assumed, B, C, and D may be any
valid expressions for which values can be calculated,
Examples of some FOR statements are as follows:

FOR X = 1 to 75

FOR Y = ,1 to F STEP ,05

FOR W6 = 3#R to «sin(R) STEP =2

FOR Y9 = P to (C + D)/S STkP 5#J + INT(Q)

FOR and NEXT statements form a pair. For every
FOR statement a; the beginning or‘the loop therse must
be é NEXT statement at the end of the loop that names
the same variable, | _

The FOK statement is used at the beginning of the A
loop and the NEXT statement must always be used at the ;
end of the loop. ;

It is often poasible to type the entire loop
on a single line., For example:

10 FOR Y = 2 PO 100 STEP 2; S = Y92: PRINT Y,Ss NEXT Y
The disadvantage of doing this is that if the line
contains an error, the entire line must be retyped, If
the loop is typed on four reparate lineép corraocting a

single error is much easier, Remember, the END stetement

is optioneal,




WL,

_Ir:“ ﬁhe line number is left out, the program will
be exoe\t'ﬁéd in immediate mode:
FOR ¥m2 to 100 STEP 2: S=Y 2: PRINT Y,S: NEXT Y
Spaces are optional. The above program ray be
written:
' FQRY‘ZTOJ.;QOST&‘;PZ tSSYA2: PRINTY, S s NEXTY
The following is a progrem for calculating and
prin_ttﬂ;.the values of the sine, cosine, and tangent
of all angles from O to 360 degrees inclusive in steps
of. ona degree:
5 REM D IS ANGLE IN DLGREES, R IS ANGLE IN RADIANS
10 POR D = 0 TO 360 |
20 LE? R = D/57.2958
30 LET 8 = SIN(R)
4O LET C = COS(R)
'S0 LET T = TAN(R)
60 PRIN? D, S, C, T
70 NEXT D
80 END

This same program may be ghortened to:
10 FOR D = O to 360
. 20 R = D/57.2958
30 PRIN? D, SIN(R), COs(R), TAN(R)
L0 REXT D
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This program may also be typed all on one line:

If 1llegal values are assigned to the variables
in a loop or if the loop designated by STEP 1s in the
wrong direction or zero, the loop 1s executed only once.

" Examples of invalid values are:
FOR X = 1 T0 50 STEP -5
POR X = =1 to=100 STEP 5
"FOR X = 1 TO 100 STEP O
| There 1s no 1limit to the number of statements
that can be between the FOR statement and the NEXT
statement ending that loop.
e Branching into the range of & FOR loop from outaide
: é is not permissible,

Branching out. of the range of a FOR loop 1s
permissible,

sk
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10POR D=0 TO 360:R=D/57.2958:PRINT D, SIN(R), COS(R), TAN(R)sNI'XT D
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' EXERCISES 4,1
1. Some of kthe following programs coniein one or more errors.
which of the progrems contain the error or errors?
Rewrite each erroneous program correotly,
?  a) 10 FOR X = O TO =53 STEP(i.““auS 519" y
;‘ 20 Y =Xx*2+ XP2 k
3 30  PRINT X,Y 4
? 40 NEXT X 1
50 END :
y b) 10 FOR F = -42 TO 212 STEP .01 uﬁ
3 20 G =5/9% (F - 32) k
30  PRINT F;"DEGREES F.", C;"DEGREES C."
4 o 40 NEXT C— NEXT F E
| 50 END | i
4
¢) 10 FOR P = 10000 TO 20000 STEP 100 i

20 I =P * .0735/12)
30 IF I ) 100 THEN 100 A
40 NEXT P B
100 PRINT" INTEREST EXCEEDS $100 WHEN P BECOMES";P "

e
I R G

',-rzg‘m_ [ N e T b O X s IO

el
A=y

110 END .
' NEXT R
A | d) 10 FOR R=-3.1416 TO 3.1416 STEP ,OLl:PRINT R,SIN(R) !END

| | ©)  108=0:FORN=170324:5=5+N:NEXTN: PRINTS : END

2, What would actually be accomplished by the prograsm in

Exercise 1(e)?
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o . 4,2 - NESTED LOOPS,
-_;5 . ‘ one loop may be contained completely within

- another loop, Such loops are called nested loops.

In the program below, the values of x2, x3, x“, and x5

are caleculated and printed out for the values of X from
1 tol 1n'1n§fementa of .1,
10 FOR X = .1 20 1 STEP .1
20 FORP =270 5
30 LET Y= X ®p
40 PRINT Y,
50 NEXT f
60 NEXT X
70 END

It is common pracilce to indent the statements
contained in a loop for clarity. Loops can then be
more esasily dieﬁ.&nsuiahedo This especially tmue for
nested loops. The program above could have been written:
10 FOR X = .1 to 1 STEP .1

20 " FORP=2TO0 S5
30 LET Y = X¢P
40 PRINT Y,

50 NEXT P
60 NEXT X
70 END
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. The imner loop will be executed four times for each time
the outer loop is executed., The outer loop will be execu
ten time§ 80 the inner loop will be executed a total of

"40 tinei, and there will be 40 values of Y printed out,

Notice the comma at the end of the PRINT statement

in llne 40. If this comma were not there, one number

would be printed out on each line, By placing the comma

there, one number will be printed in each print zone,

If 1ine 40 had been written

40 PRINT Y;

with a eemicolon at the end, the numbers would have been

packed closer together with more numbers on & line.
Loops may be nested with no 1imit., However, great

care must be taken not to branch into the range of a FOR

loop frow outside. Below are schematlc dlagrams of

vallid FOR 100ps;'

= EE

|
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SO ~ EXERCISES 4,2

Indicate which of the following programs contaln errors,

T
[5 Correct the erroneous programs,

1. W0 FORA =1T0 10

R TOREER ST e A w2

A
20 FOR B = -6 toc -4 STEP -(5_

30 C = 3#A + 4#B
40 PRINT A, B, C

AR 50 - NEXT A3
- 60  NEXT B

] 70 END

S AL

» - R ;
| 2, =-20T020 : FORY=ATOT : Z23%X*Y : PRINTX, Y, Z ; NEXTY : NEXTX : END :

® 3, 10 FOR C = 10 TO 20 STEP .5

£ , 20 FORD=1T05

30 FOR E = -2 T0 -3 stEp &4 5'30
B 40 Fz=CAD+C*E |
50 ~ PRINT C,D,E,F -

, 60 NEXT E

S 70  NEXT D

80 NEXT C

90 END

T N SR LY
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.
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NS MRS, o Lt L PR NS R i)

I © &

3, 10 FOR K= 1 TO 100:FOR L =

Bt A e b It e S AR B

= K+ L + M:PRINT K,L,M,N

30 NEXT%i\_yJ/)’ NEXT K:END

4, 10 81=0:82=0:83=0

20 FORU=1T0 5

m .

40

110

FORV=1T08

W = Ury

B1 = St + W
NEXT V
FOR X = 1 TOo 11

= X492 + 81
S2 =82+ Y

NEXT X
83 = 83 + Si + 82

120 NEXT U
130 PRINT S3
140 END

20 Z =

+5, SREAD A,B,C,D,E,F
10 FOR X = A TO B STEP Ct FOR Y =

30 NEXT Y: NEXT X
40 DATA 132, 164, 2, 256, T44,
50 END

1 TO 20:FOR M = 1 TO 5

D T0 E STEP F

X + Y:PRINT"X=";X,"¥=";Y,"Z=";Z

12

150,
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4.3 smug_g_comon DATA,

The value of variables in one program can be
saved for use in a subsequent progranm,

To do this, a COM statement 18 entered as the first
numbered 1line in both programs, A program may contain
geveral COM statements just as long as they are entered
as the first numbered executable lines,

The first command in the aubéeqpent program 1s

RESTART. The RESTART command wlll remove all user

program text and noncommon variables from the system, but

common variables and their values are not changed. -
This 18 very useful when a program is too long or |

too complloated for the storage capaclty of the aystem

and must be broken down into two or more shorter or

aimpler programs
On the next page 1s an example of how a long,

complicated program may be broken into three asmaller

progrems oonnected by COM statements.

.
‘ %
3
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.START V
10 REM  THIS IS THE FIRST PROGRAM -

20 COM A, B, G, R1, R2 :

‘Abrogram statements

RUN.

TR TRAERE 0 R RO IR

RESTART

Swlds

10 REM THIS IS THE SECOND PROGRAM

20 COM A, B, C, R1, R2 c E
30 COM Q, R, T £
program statements ;

RUN A
'RESTART é
. : z
10 REM THIS8 IS THE THIRD PROGRAM ]
20 coMQ, S, T %
program statements %

" RUN ' ¢
The firat time RESTART 1s used above, it will remove ;

;

all the first program text and varlables except the values E
of A, B, C, Rl and R2, These willl be saved for used in A ‘
the second progrem, The second time RESTART 1s used above, E
all the second program text and varlables will be removed
except for the values of Q, S; and T whilech will be saved

and ocan be used in the third program,

A .
A PR 1 e F R e
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THE RERUN COMMAND,  QOTO stachiag luae ro. |
AIt fhe RERUN command 18 used in place of the RUN

command, the entire program will be run from the beginning
but the values of the variables will not be first reset
to zero., The values of the va?lablea will be left at
thelr current getting,

Thn RERUN comménd may be used to run a portion of
a program. RERUN 80 means to rerun the program beginning

with progrem line 30,
RERUN 18 a command, Therefore, it has no line

number,

WRITING A LEVEL FOUR PROGRAM.

A level four program contains one or more FOR

loops, A typlocal level four program 1s as follows:
10 REM Harry Ackerman Level four 11/19/72
20 REM  TABLE OF VALUES OF SINE FROM 9 TO 10 DEGREES

30 REM INCREMENTS ARE ONE MINUTE
40

"FOR D = 9 T0 10 STEP 1/60

50 . R = D/57.2958
60 PRINT D, R, SINR(R)
70 NEXT D

80 END

-
B
-

bk MaFARS

Al

N
USSR

27

shloa.

SRR
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EXERCISES 4.5

.
4
4

]
i
a1
'
]
3
Pl
Bl

Write & program for calculating the values of the
aine of every angle from 12° 13' 14" to 13° 14! 17"

in inerements of one second,

Write & program for calculating the areas of ail rectangles

as the length varies from 123 to 156 in increments of 1,

and ae the width varlies from 17 t1 19 in increments of ‘é
oo R

Write & program for calculating the areas of all triangles
as side a varies from 10 to 15, side b varies from 17 ‘

to 30, and as side ¢ varies from 9 to 23, all in incre-

e leye

ments of 1,

P
PN S

write 8 program to calculate the products XY as X

L
Ledik st

varies from 36,17 to «34.19 in increments of .04 and

as Y varies from -6 to 58 1n incremente of 2, .

Write a progrem to print out the temperature in degrees
Centigrade and degrees Fahrenhelt as the temperature

variesffrom -58° ¢, to -380 C. in 1ncrements of ,10 c,

Salaries are being increased by 705%0 Write a program
for printing out the old and the new salaries from
$10,500 to §$13,700 in increments of $100.

Write a program for evaluating the function

Y = 3x35- 2x2 + 5% « 9 for each value df x from -3

to +3 1n increments of .1,




CHAPTER S
ONE-DIMENSIONAL ARRAYS
WRITING A LEVEL FIVE PROGRAM

5.1 ARRAY VARIABLE NAMES,

e P T Y e P —

An array 1s a set of storage locations in computer
memory which is reserved for a llst of values, The array
must be given a name, which may be any one of the 26
létters of the alphabet,

An-array variable conalsts of the variable name
followed by an expression 1in parentheses which indicates
an lndividual storage space. The array variable A9%)
indicates the fifth storage space in the array whose
name 1s A, A(10) indicatee the tenth storage space of
arraj A,.and so forth,

The expression in the parentheses may be any valid

BASIC expression whose value can be calculated, For

example, the following are valid array variables, :

which may also be called subscripted variables: ~f
‘E(K), C(K*2), D(X+4), W(T/I+7) |
The numeric value of the first subscript must be 1

A subsoript of zero is not allowed, A(0O) is invalid,

3
CLH L
B EY S SIS R
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5.2 THE DIMENSION STATEMENT, , - é
- 10 DIM A(5), B(T), C(10) | ?
? The DIM statement reserves space for array variables »
§ which vill‘be poferenced in the program, Space may be ;
E 1 reserved for more than'one variable with a single DIM é
%i; statement by separating them with commas as shown above. .
E; The dimenﬁion of an array cannot exceed 255,
giv The spaceéto be reserved must be indicated by
E an lnteger., Ex@reseiona are not allowed, Arrays may
?» be dimensioned iarger than necessary,
;“ ‘ DIM statements must appear before any use of the ‘
§ _.‘ variable in the program., It 1s common practice to place %
?J all DIM statements at the beginning of the program E
éA' before any executable program statements, _ 'g
;, In the example above, 5 storage locations are j
é _ reserved for the numbers in 1list A, 7 for the numbers in

l1ist B, and 10 for the numbers in list C,
5.3 READING AN ARRAY, :
10 DIM A(5), B(7), €(10)
20 FOR ¥ = 1 TO 5: READ A(I): NEXT I
30 FOR J =t TO 7: READ B(J): NEXT J
| 40 FOR K = 1 TO 10: READ C(K): NEXT K
S 50 DATA 23, 45, 67, 89, 53, T2, 90, 45, 99
- 51 DATA 88, 77, 77, S5, 99, 33, 35, 37, 38

PRI S Y I N VS

52 DATA 36, 45, 55, 32




157,

The above program will cause the firat five numbers

? to be read into array A, the next seven numbers to be ?
?; ~ read lnto array B, and the next . .ten numbers to be read ;
fi into array C. g
%; The values in each of the array locations would 5
g | then be aa;fol}ows: :
E, A1) 23 B{1) 72 c(%) 55

E" A(2) 45  B(2) 9%  C(2) 99 :
3 A(3) 67T  B(3) 45  C(3) 33

A(4) 89 B(4) 99 c(4) 35
A(5) 53 B(5) 88 c(5) 37

B(6) T7  C{6) 38 :
B(T) 17 (T 36
C{8) 45 :
c(9) 55
C(10) 32
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If the lists thal are to be read into the arrays
all have exactly the same number of elements, there are
two ways of arranging the data and reading the lists |
into the array positions,

10 DIM D(5), E(5), F(5)

20 FOR £ = 1 TO S5: READ D(X): NEXT X

30 FOR X = 1 TO 5: READ E(X): NEXT X

40 FOR X = 1 TO 5: READF(X): NEXT X

50 DATA 2,4,6,8,10, %,3,5,7,9, 20,30,40,50,60

when the above program is executed, the first five

.data litems will be read lnto array D, the next five into

array E, and the next five into array F.

In the program below, the data items have been

rearranged. The first item 1s the first number in 1list D,

next is the firast item in list E, next 1s the first 1tem
in 1list F, then the second ltem from 1ist D, E, and F
respectively, and so on. This arrangement of the data
permits a shorter progran,

10 DIM  D(5), E(5), F(5)

20 FOR X = § TO 5: READ D(X), E(X), F(X): NEXT X

30 DATA 2, 1, 20, 4, 2, 30, 6, 3, 40, 8, 4, 50, 10, 5, 60

PRERR:

IR SN
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EXERCISES 5.3

Write a program for reading in the followlng llsts into

the proper array posltlons,

List 4  List B  Llst G
1 17.3 25.5
3 18.6 16,2
9 19.9
20,3

write a program for reading in fthe following lists into

proper array positions, using only one FOR loop in the-

Progreanm,

List K List W List V
186 - 666 1874
192 159 1923
213 367 1848
144 214 1971

Find the error in the following program:
10 DIM F(5), G(§§:1 B(S)
20 FOR'X = 1 TO 5: READ F(X): NEXT X
30 FOR X = 1 TO 7: READ G(X): NEXT X
40 FOR X = 1 TO 4: READ H(X): NEXT X
60 DATA 23,24,25,26,27,28,1,2,3,4,5,6,100,200, 300,400

Find the error in the followlng program:

OIMBA):FORX=1T09: READB(X) :NEXT X:DATA9,8,7,6,5,4,3,2,1

EO N PO D UUIY SEes o

R e A L

.
> Ao s D R e
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"5. A student prepared the following program:

10 DIM B(6), N(6), P(6)

20 FOR X = 1 TO 6;: READ B(X): NEXT X

30 FOR Y = 1 TO 6: READ N(Y): NEXT Y

40 FOR Z = 1 TO 6: READ P(Z): NEXT 2

50 DATA 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18
He then rewrote the program as:

10 DIM B(6), N(6), P(6)

20 FOR X = 1 TO 6: READ B(X),N(X),P(X): NEXT X

30 DATA 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18
Are these two programs equivalent? That is, will

the two programs each read in the same numbers into the

)

same posgltions of the three arrays?

6. Is the program
10 FOR X = 6 TO 1 : READ A(X): NEXT X
20 DATA 16, 18, 20, 22, 24, 26
equivalent to the program
10 FOR X = 1 To 6: READ A(X): NEXT X

20 DATA 26, 24, 22, 20, 18, 16
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5.4 CALCULATING WITH SUBSCRIPTED VARIABLES,
10 DIM D(5), E(5), F(5)
20 READ D(I), E(I)
- M5 FORI=1T05
30 LET F(I) = D(I) * E(I)
40 NEXT I

i

s
3
2

’».f-i‘
3
:

50 DATA 1.23, 23, 1.89, 16, 5.24, 5, 3.25, 40, 4,68, 33
? As a result of executins the above statements,
é the syetem will have the following values in array F:
: F(1) will be the product of 1.23 and 23
E F(2) will be the product of 1,89 and 16 ' 3
{ F(3) will be the product of 5,24 and 5 3

F(4) will be the product of 3.25 and 40 E

oo

F(5) will be the product of 4.68 and 33

The value of the index variable in a FOR loop ;
must not be changed by & program line within a loop.

However, the index variable may be used as either a

MR £ LA AL ot ~Ldl ) bt 4 it Tl

subscript or as a value or as both,

.on

10 DIM A(10),B(10},F(10)
FOR X = 1 TO14: READ A(X), B(X): NEXT X
FOR K = 3 TO 13 STEP 2

Rt A At

20
30
40 LET'L = K + 1
50 LET F(K) = A(K) + B(L) + 2 # K
60

PRINT A(K), B(L), F(X)

BT ARkt A AR A R s ¥ ik B SR St o Setie

- 80 DATA (at least 14 data items) | 'Q

37"‘ 70 NEXT K
-

90 END 3
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The statements in the previous program are valid
because the value of K 18 not changed by any statement
vithin the loop. It is only changed by the nature of the

FOR and NEXT statements, Notlce that K is used both
ag & subscript and as a value in line 50,

The following prograp is invalld because the value
of the index variable K 1a changed by a progream state-

-ment within the loop, statement on line 30.
20 FOR K = 3 TO 13 STEP 2

e e RET AE TR R RRTTRS

30 LET K = K + 1 INVALID
? 40 LET F(K) = A(K) + B(K) + 2 * K 3
50 NEXT K ]

The following 1s a simple program for finding the

sum of all the numbers in an array:

3=0: FORIJ=1TO50: S =8+ F(J): NEXT J ;

CAVERT RS AT AT

o BRI
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EXERCISES 5.4

{. Find the errbr or errors in the following:
S DIM A(14), B(20), CG(14)
10 FOR I = 1 TO 14
20 READ A(I), B(I)
30 NEXT I
40 FOR I = 15 TO 20
50 READ B(1I)
60 NEXT I

70 FOR I = 1 TO 14 ¢ 1= j_7=¢-no+a||ow¢JmumNG
i - ‘

80 C(I) = A(J-T) * B(J) + B{i=2) = 3*I + 1/J
90 NEXT J
100 DATA (34 data \tems)

2. Write a program that willl:

réad in 10 data items into array C;

read in 10 data items into array D;

calculste the firast element 1ln array E by adding
the first element in array C to the last element
in array D;

calculate the second element in array E by adding
the second element in array C to the ninth element
in array D;

and so forth,

L mE e

S it
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, ‘
4 5 ‘
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3, Write & program that will:

read in 100 data items into array K;
read in 100 data items into array L;

calculate the single sum of the 100 products
K(X) * L(x) for all X 1 to 100,

4, wvrite a program that will: 3
read in 80 data items into array M; '
calculate the sum of all the numbers in the

even-numbered positions (second, fourth, sixth);
calculate the sum of all the numbers 1n the

odd-numbered positions (first, third, fifth);
caloulate the asingle sum of all the 40 products

first number times second, third times fourth,

fifth times sixth, and so forth,
§. write a program that will:
read in five numbers, calculate their average, E
place the average in A¢1);
read in five more numbers, calculate thelr average,

place their average in A(2);

PO SRR VORI FETT

continue until a total of 25 sets of flve numbers
é , each have been read in, the averege fcr each
8 set of five numbers calculated and placed in
5 array A;
calculate the average of all the numbers ir

array A,

Rt i Ao il e
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|

PRINTING OUT ARRAYS.
110 PRINT “LIST D“, "LIST E", "LIST F"

!
1
|
4
s
120 FOR I = 1 T0 57: PRINT D(I), E(I), F(I): NEXT I
Thesde two statements abo%e will cause three ‘column ?
headings to be printed out and under each column heading j
in a vertical column the appropriate array will be %
printed out, %
220 PRINT "LIST D": FOR I = 1 TO 57: PRINT D(I);:NEXT I
230 PRINT "LIST E": FOR J = 1 TO 57: PRINT E(J);:NEXT J
240 PRINT "LIST F": FOR K = 1 TO 57: PRINT F(K);:NFEXT K
Theie three sﬁatementa above will cause each array .
to be printed out horizontally following the identifying
message which is the name of the 1list. The semicolon

at the end of each of the three print statements will

cause the numbers in the printout to be "packed", A

comma in place of the semicolon would cause one number

to be printed in each print zone for that PRINT statement.
The following are examples of use of PRINT USING

and image statements in printing out arreys,

80 PRINT USING 90

90 % LIST A LIST B LIST C

100 FOR X = 1 TO 88 |

150 TRINT USING 160 A(X), B(X), C(X)

160 Z### H# HitH  ## #it# s #it

170 NEXT X
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EXERCISES 5.5

1. Assume that each of the arrays P, R, T, and I contain

100 mumbers, write the print statements that will
i, cause the arrays to be printed out vertically under the

ikialia i Lo el K

respective headings PRINCIPAL, RATE, TIME, INTEREST,

2

2. ABasume arrey W contains 48 numbers, Write the print

g ﬁ

ﬁ statements to have the numbers printed out four to a

row under the column headings WEEK 1, WEEK 2, WEEK 3,

uy
“”"ii"\' o

WEEK 4,

Sap e T a Te el Ay

o PR RIS

3. If arrey K contains the numbers, in order, ‘é
26, 42, 38, o1, 88, 66, 77, 12, 13, 34, 56, 78
what would be the printoQt of

90 FOR X = 1 TO 12 STEP 4

EHEE ik rti st AR T il G A S

100 PRINT K(X), K(X + 1), K(X + 2), K(X + 3)
110 NEXT X

4, what PRINT USING and image statements would cause:

ESSALES 5000 SRR R I

the headings LENGTH, WIDTH, AREA to be printed

é begimning in columns 10, 20, 30 respectively;
' round the rumbers in arrays L, W and A to the

- nearest whole number and printed out in vertical

columns (maximum of five digits) under the :
4 A appropriate column heading? . _%

an

AT 2 ATIRPON
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5.6 STRING VARIABLES 1N ARRAYS,

Sirlng variables are read intc arrays and printed
out from arrays much the same way a3 scalar variables,
10 DIM A%(5), B(9)

20 POR X = 1 TO 5
30 READ A$(X), T1, T2, T3, T4, T5

40 B(X) = (T1 + T2 + T3 + T4 + T5)/5

50 NEXT X

60 PRINT "STUDENT", "AVERAGE"

70 FOR X = 1 TO 5: PRINT A§(X), B(X): NEXT X

80 DATA v'"JOHN ADAMS". 87. 869 80, 90, 100

81 DATA "GFORGE RAFT", 65, 76, 66, 79, 65
82 DATA “ERIC NOTT", 99, 98, 89, 95, 97
83 DATA "TERRY LADD", 88, 85, 86, 80, 79
84 DATA "THOMAS BRANDT", 77, 79, TO, 69, 55
85 END

Thie pregram will cause the stddents® names to be
read into array A§, The five test scores for each student
are read, added, divided by 5, and the result placed in
arruy_B, When array A§ and array B are printed out, the
result will be the student’s name followed by hls average

for the‘f;ve test scores,
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EXERCISES §.6

1. The purpose of the program below 18 to read into array s
the name . of each student and to read into array I the
grade index for that student, The numbers in array I
are then examined and the greatest index determined.
The, name of the student with the highest index and his
index 4are then printed out.

The program contains errors, Indicate the errors
and rewrite the program correctly.
10 DIM s8§(20), I(20) -
20 M = -1,0E+60 $
30 FOR X.= 1 TO 2'& READ 38(X), I(X)
50 IF I(X)) M THEN 70: G0 To no  LF I(X)==M THEN 9o

70 M = I(X): N§ = 3$(X)

LM

90 NEXT X

100 PRINT "STUDENT", "INDEX": PRINT N§, M

120 DATA LUCILLE HENRY, 1.456, ADAM WILLIAMS, 3.879

121 DATA HAROLD HOLISTER, .37, DANIEL MCALSTER, 2,987
122 DATA MARY LAMB, 3.334, JOAN ALLEN, 3,583 |

123 DATA KURT WHISKER, 3.997, HELEN ALLEN, 2.955

124 DATA GEORGE WEEIL, 1.580, SUSAN WHITE, 3.888

125 DATA MILDRED CARON, 3,400, JOHN MARS, 3,750

130 END
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SHARING COMMON_ARRAYS,

10 CoM A(20), B§(10), D, E

If a common variable 1ls an array variable, the COM
statement must provide array definition the same as
a DIM statement would, The DIM statement for common
array variables is then not needed. A COM statement may
contain both array variables and scalar variables, as

shown above,

THE TAB FUNCTION,

100 PRINT TAB(10); "SALESMAN";TAB(23);"SALES";TAB(33)"COMMISSION"

200 PRINT TAB(S5);A(X);TAB(23);S;TAB(35);C

The TAB function permits tabulated formatting. The
statement 1ln line 100 above will cause the column headings
SALESMAN, SALES, and COMMISSION to be printed beginning
in columns 10, 23, 33 respectively, The statement in
line 200 above will cause the salesman's name to be
printed beginning in oolumn 5, the value of S to be printed
beginning in column 23, and the value of C to be printed
beginning in column 35,

Positions are numbered 0 to 69 on‘the teletype,
The value of the expression in the parentheses is computed
and the integer part taken, The typewriter 18 then moved
to this position. If it has already passed this position,
the TAB is ignoreqd,

1
) \
- s YA LS i
FRE T FRCUR LI N TR TR SRy o
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If the value of the expression 1s greater than 69,

the typewriter will move to the beginning of the next line,

The following program will cause the plotting of the sine
curve for all angles from zero to 360 degrees in steps

of 10 degrees,

100 FOR D = O TO 360 STEP 10

110 R = D/57.2958

120 PRINT TAB (30 + 30% SIN(R)); "#"

130 Nexe »

The measure of the angle in degrees 18 converted
to measure in radians. The value of the slne of that
angle is computed, The value of the sine of an angle
x-éngee from -1 to +1 inolusive, Multlplying this by
30 gives a value from -30 to + 30 inoluslive, Since

the positions to which the typewriter can tab go only firom

0 to 69, at least 30 must be added to this computed value

8o that the value will ne non-negative, when the value
of the sin 18 zero, the typewriter will tab to column 30,
wWhen 1its value 1is -1, 1t will tab to column O, und when
the value 1s +1, 1t will tab to column 60,

The above progrém may be modified to provide for
an axis to be printed in column 30,
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t0 FOR D = O TO 360 STEP 10

R = D/57.2958

B8 = (30 + 30*SIN(R))

1F 8 €30 THEN 60

PRINT TAB(30);"."; TAB(S); "#"; NEXT D |

55 G0 TO TO E

60 PRINT TAB(S); "#"; TAB(30): "."; NEXT D -]

70 END | |
The value of the sine of the angle will be indicated

3

T I A S T T O

[

by an asterisk, The axlie in column 30 will bLe indicated | ?
by periods, Since the values increase from left to right,
after the graph 1s plotted, it must be rotated 90°, The
axis that was printed vertically in column 30 will then
become the horizontal x-axis.

The following statement would cause another axis
to be printed out at right angles to the x-axis,
1 Ay = ".o....yooo.o.goooo": B§=A$: Cg$=A8: D§=A}
2 PRINT A$§, B§, C§, D$
Although this will be printed horlzontally on the page,

R B - S . Lo
T T L TS I Tt . IR S T . e Y

after it is rotated 90° #t will serve as the vertloal
y-axis, ‘
If an entire graphing program can be entered on

one line, the pmogxui may be executed in immediate mode,
FOR D=0 TO 360:PRINT TAB(30+30*SIN(D/57.2958));"#" :NEXT D

LY
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EXERCISES 5.8

172,

1. Complete the following program below using one or more

PRINT TAB and TAB statements so that column bheadings

VALUE OF L, X SQUARED, and X CUBED will be printed out

in ocolumns 0, 20, and 40 respectively, and arrays A, B,

and C will be printed out vertically under the column

headings beginning in columns 4, 23, and 40 respeoctively,

S DIM A(100), B(100), C(100)

10 FOR X = 1 TO 100: A(X) =: B(X) = X92: C(X) = X3

20 NEXT X

what letter of the alphabet would be printed out by

followimg program?

10 PRINT TAB(10); "X"; TAB(18); "X"
11 PRINT TAB(12); "X"; TAB(16); "X"
12 PRINT TAB (14); "X

13 PRINT TAB (12); "X"; TAB (16); "X"

14 PRINT TAB (10); "X"; TAB (18): "Xx"

following program?

10 PRINT TAB (10); "coceoccoccaso"

20 FOR X = 20 TO 10: PRINT TAB (X); ".": NEXT X
30 PRINT TAB (10); "ccocosocooo

the

what letter of the alphabet would be printed out by the
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3, 10 FOR D'= O TO 360 STEP 5
20 R = D/57.2958
30 C = COS(R)
a) Complete the above program using one or more PRINT
TAB and TAB statements so that an asterisk will be
printed in column 25 when the value of the cosine is zero,
in oolumn 50 when the value of the cosine 18 +1,
in célumn zero when the value of the coaine 18 -1,
E and 1n the appropriate column when the cosine takes
on the other calculated values,
b) Mpéify the progfam 80 that an axis consisting of
périods is printed in column 25,
c) Moéify the program further so thﬁt the values -1,
=«5, 0, +.,5, 8nd +1 are printed above the appropriate

collmnﬂ °

3, Write a program that will plot the values of sine x,
cosine x, and an axis all on the same graph for all

values of x from zero to 360 degrees in steps of 10 degrees,

4, The prq3r6m below was intended for printing a plot of
the graph of the cosine curve for all values of x from
10 to 15 degrees in incremente of one minute ol degree,
Desoribe the errors in kbhe program,
10 FOR X = 10 TO 15 STEP 1/60: C = COS(X/57.2958)
20 PRINT TAB(C); "#": NEXT X
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5.9 ARRANGING ARRAY ITEMS IN SEQUENCE,
There are several methods of taking array items

and arranging them in numeric sequence or a&lphabetical
order, One method of arranging them in numeric sequence
1s as follows:

1. Read in the data items into array A,

2, 38et array B 1dentlcal to array A,

3., Determine the greatest number in array A. Place
this number in position C(!)° Substitute -1,0E+60
for thls greatest number in array A,

4, Detormine the greatest remaining number in array A,
Place thls number in the next available position
in array C. Substitute -1,0E+60 for this greatest

remaining number in array A,

5. Repeat step 4 until all the numbers in arréy A have

been replaced with -1,0E+60 and each number in array'A'.J;
: uf:_ has been transferred to array C in descending ordqr,'
| 6, Array A will now consiat entirely of -1°OE+60 in

‘every position. Array.B will be 1dentlcal to the

original array A, Array C willl contain in
descending order all the numbers that were originally
- i swrdAp ATTRy A,

To Print out array B and array €,
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Below is a program for ordering up 2o 100 numbers .

in sequence, N 1ls the number of numbers to be ordered,
P 1s the poslition of the greatest remaining number in
array A, In the example below, there are 87 nmumbers to

be ordered,

10 DIM a(100), B(100), C(100)

20 READ N

.30 FOR X = 1 TO N: READ A(X): B(X) = A(X): NEXT X
40 FOR J = 1 T0 N

50 .. M= A(1)

60 "1?'='= 1

70 . FRI=2T0N

g0 IF A(I)‘-)TM THEN 4ee- 120
90 -Go-Po—+e0-

100 M= A(I)

110 | P =vI

120 . NEXT I

130 @) = M

140  A(P) = =1,0E+60

150 NEXT J |
160 FOR K = 1 TO N: - PRINT B(X), C(K)
170  DATA 87

171.DA$A (87 numeric data items)

200 END

N L . B+ TS

o RN RRTR

- . . b R TR A
L e e R i

Ve e AT R A O I SN N TR T S . - R o W .
ot A ] O ot AR S Y el Al X e M A S S 2 NI i o o e MNAN L i LR w0 e AT i e s 2

s

VRN Sy
RIS RIS U AR ERR VRTINS * DRSS




176,

e AR

a : A : If the array items are alphanumeric, the previous

progrem may be easlily adapted to arranging the items in

3
3
)

alphabetioal order,
10 DIM A4(100), B§(100), C$(100)
20 READ N
.30 FOR X = 1 TO N: READ A$(X), B$(X): BS(X) = A$(X): NEXT X
40 FOR J = 1 TO N
50 M§ = A§(1)

60 P=1
70 FORI =2 T0 N
80 | IF A$(1) {M$ THEN 100
90 GO TO 120
. | : 100 M3 = A$(1)
:I; ‘ 110 P=1
D ' 120 NEXT I

130 CP(J) = M§

140 A$(P) = "AAAAA"

150 NEXT J

160 FOR K = 1 TO N: . PRINT B§(K), C§(K)
170 DATA 87

171 DATA (87 alphanumeric data ltems)

200 END
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5,10 WRITING A LEVEL FIVE PROGRAM,

N L
JREPCRE YR WTIILUR J RS XS

A‘level five program contains one or more arrays.

 A typioﬂi level five program 18 as follows:

NPT IR SR S,

10 REM MARY ANDERSON LEVEL FIVE 12/8/72

20 REM  USE OF ONE~-DIMENSIONAL ARRAYS E
25 PIM A(10), B(10), C(io -

30 PRINT TAB(10);"LIST A";TAB(20);"11st B";TAB(30);"LIST.C"
40 FOR X = 1 TO 10 \ "g
50  READ A(X), B(X) | : »j
60 J=11 - X E

? ¢ . 70 C(X) = A(X) * B(J) ‘ 5

S

80 NEXT X
90 FOR'K = 1 TO 10

DT RN, SN

100 PRINT TAB(10);A(X);TAB(20);B(X);TAB(30);C(X) ' Eﬂ
110 NEXT K

120 END

115 DATA 1234, 56, 3456, 53, 4582, 68, 1753, 88,‘1000,;1off 
116 DATA 4739, 97, 2567, 44, 6541, B, 2439, 9375, 99, 86
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CHAPTER 6
TWO-DIMENSIONAL ARRAYS
WRITING A LEVEL SIX PROGRAM :

%o TN wsa

(.1 NAMING TWO-DIMENS IONAL ARRAYS,

A twb-dlmenaional array can be considered to

conslst of horizontal rows and vertlcal columns, It

may be called a table, The name of an array consists of

a single letter, The varlable name for any one position

in the array or table consists of the array name folloked

. by.parenihesea contalning two expressions; called subscripts,
separated b& a comm&, The first subscript refers to the A
row number and the secgcond subscrlipt refers to the column
number,

S(3,5) refers to the poa%tion in array S that is =

in both the third row and the flfth column, If array S -

consists of three rows and flve celumns, the positions

of the items are as follows:

L, (1,2) (1,3) (1,4) (1,5; o
b2, (2,2) (2,3) (2,4) (2,5) o
(3,1) (3,2) (3,3) (3,4) (3,5)

RSN Xk A S AR

This 1s the same conventlon as that used in

1dentlfying locations in determlinants and matrices,
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Subscripts may be expressions., Examples of valid
names for subscripts are:

S(x+1,Y«2) .  B(W+G,V*R) T(9,V42)

DIMENSIONING AN ARRAY,

A DIM statement statement must appear before use of

a subscripted variable in a program. The DIM statement

- reserves space for the array., The DIM astatement below

would reserve space for & two-dimensional array of four
rowé ahd nine columns, called U; for a two-dimensional
array of ten rows and ten columns, called V; and for
a one-dimensional array having 56 elements, called W,
10 DIM U(4,9), V(10,10), W(56)

Arrays that are common to subsequent or previous
programs are dimensioned in a COM statement and not

in a DIM statement:

10 COM A(34), B(9,12)

Rk e L s s 2 BN MR i i WL e
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$,3 READING IN A TWO-DIMENSIONAL ARRAY,

10 DIM A(5,3) 10 DIM A(5,3)

20 FORI=1T705 20 FORJ=1T0 3

30 FORJ=1TO 3 0 PFORI=1T05
40 READ(1,J) 40 READ A(I,J)
50  NEXT J 50 NEXT I
60 NEXT I 60 NEXT J

70 DATA 8,98,765,45 70 DATA 8,98,765,45
71 DATA 42,58,69,101 71 DATA 42,58,69, 101
72 DATA 333,454,676,99 T2 DATA 333, 454,676
gg gﬁgA 112,377,100 2 LATA 112,377, 100

Two~-dlimensional arrays may be read in by use of
nested FOR loops as shown above, 1In the example at the
left, the numbers are read in oné row at 2 time, In the
example at the right, the numbers are read in one column
at a time,

Use of the program at the left would resuit in the

followlng array:

8 98 765
45 42 58
69 101 333

454 676 99

112 317 100
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PAREP RSP SRPIT SRS

Use of the program at the ridght wouid result in
the following array:
8 58 676
98 69 99
765 - 101 112
45 333 377 ,
42 454 100 %

Care must be taken in reading in an array to be
;' sure the numbers will be located in the manner the
| user wants,
ﬂ A program such as the following may be used to set
all the values of an array to a given value such as zero:
10 DIM F(5,8)
20 FOR I = 1 T0 5
30 FORJ =1 To 8

40 F(I,J) =0

50  NEXT J

b : 60 NEXT I

- Statements 20 through 60 could all be written on
one line:

20 FOR I=1 TO 5: FOR J=1 TO 8: F(I,J)=0: NEXT J: NEXT I
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EXERCISES 6,3

) L ‘

A ol co
N ‘: ‘,‘.,\“'”::
i i

NI RTAR Y

1. Write a program that would cause the data in data !
statements 100 through 103 to be read into array A in i

| the positions indicated below:
?Qﬁj S - 100 DATA 18, 24, 63 " " 2
| 101 DATA. 19, 66, 84, TT, 56, 18 | |
102 DATA 23, 44, 36, 17

103 DATA 45, 89, 65, 74, 86

HER AT 2

18 24 63 19 66 84
77 56 18 23 44 36
17 45 88 65 T4 86
2, Write a progrem that would cause the data in data

eedan

Statements 100 through 103 in Exercise #1 to be read
Into array A in the psoitions indicated below:
18 TT 17 : >
5 | 24 56 45 R
T 5 63 18 88 o
- '”; | g 23 65 | | ; i
?’  ": PR 66 4k Th 2
‘ 84 36 86
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6.4 CALCULATING WITH DOUBLE SUBSCRIPTED VARIABLES,

The index variable of & FOR loop may be used as
a subscript, as a value, or as both, In the followlng
program, each element in array D is multiplied by the
corresponding element 1n array E. Twice the row number
and three times the column mumber are then added to this
product, The result 1s stored in array F,
10 DIM D(3,4), E(3,4), F(3,4)
20 FORK =1 T0O 3
30 FOR L = 1 TO 4
40 LET F(K,L) = D(K,L) * E(K,L) + 2%K + 3%L
50 NEXT L
60 NEXT K

Remember to set up and dimension with a DIM
statement the array where the result of the calculation
1s to be placed,

If the arrays are quite large, and there is a

posaibllity that there is insufficlient core storege

to set an array in whioh to store the results of the
caloulations, it may be possible to use one of the given
arrays for storing the result 1f each element in one of
the given arrays is no longer needed after it has been
involved in the calculations, For example, line 40 1n
the above program could have been written:

40 LET D(K,L) = D(X,L) # E(K,L) + 2¥K + 3%L

g
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The result of the calculations would then be stored back
in the glven array D. The numbess in the original array D
would of course then be lost for any further calculations
or printout,

Another method to use when 1lnsufficient core storage
1s available 13 not to store the calculated value but to
print 1t out immediately,

PRINTING OUT TWO-DIMENSIONAL ARRAYS,

Two-dimensional arrays are usually printed out

row by row. The TAB function may be used to cause the

rows of mumbers to be printed out in neat columns that
are oconvenient to read, For example:
TOFOR I =1T0 3
80  PRINT TAB(O);F(I,1);TAB(10);F(I,2);TAB(20);F(I,3);
TAB(30) ;F(I,4)
90 NEXT I .

IT when you are typing a PRINT TAB statement and
it cannot be typed all on one line, the typing may be
continued onto a second line, Simply keep typing (or

spacing) until the carriage return automatlcally causes

returm to column one., Then continue typing,

v B
. e . .
L ol ol sd
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. When the PRINT TAB function 1s used in printing ocut

arrays in neat columns, the numbers in the columns will

be left Justified.in the column,

To form columns of numbers in which the numbers

are printed right justified in the columns, PRINT USING

statements are used, For example,

%
P
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70 FOR I =1 TO 3

i

80  PRINT USING 90, F(I,1),F(I,2),F(I,3),F(I,4) 1

90 K AR AR R AR

100 NEXT T | :

6,6 STRING VARIABLES IN TWO-DIMENSION ARRAYS, E

The elements in a two-dlmensional array may be ;i

string variables, Each element may consist of up to 18 '1%

i characters, each being any valld BASIC alphanumeric _;%
é character, including a letter, digit, or special f%
’ character, There 1s nothing prohibiting the entire y
? string from being diglits., However, no arithmetic %
5 operations can be performed on string variables ;
: The following program shows how &o read in and print Jé
out a two-dimensional array consisting of string variables, é

The data 1s not shown, | :%

u 10 DIM Z§(5,3) 3
i; | 20 ORR =1 to 5: FORC = 1 TO 3: READ Z§(R,C):NEXT C: NEXT R E
??' 30 FOR R = 1 TO 5: PRINT TAB(O);Z§(R, 1) :TAB(22);28(R,2); §
TAB(44) ;Z§(R,3) ;j}

40 NEXT R | 3

E

RV N
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EXERCISES 6.5

Describe the differences in the two printofite from the
following program:

10 DIM A(3,4)

20 FOR X = 1 T0 3: FOR Y = 1 TO 4: READ A(X,Y): NEXT Y:NEXT X

30 FOR X = 1 TO 3 ,
35 PRINT TAB(O) ;A(X, 1) s TAB(10) ;A(X,2) ;TAB(20) ;A(X. 3) ; TAB ’
(40) ;A(X,4)
38 NEXT X *"
50 FOR X = 1 TO 3 ‘}
55 PRINT USING 58,A(X,1),A(X,2),A(X,3),A(X,4) 3
58 TH# HHI#H B HHEH#
59 NEXT X %
100 DATA 123, 456, 789, 684, 733, 451 3
101 DATA 831, 769, 155, 676, 852, 557 §
999. END %
né

;

4

;

|

E

.
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6,7 ESTIMATING PROGRAM LIMITS,

An estimate of the partition size required to
run a particular BAQIC program 1s glven by the following'
formula:
Partition size needed = C + 5(N) + 18(A) + E
where C = the number of characterg in the program,
including spaces, carriage returms, etc,
N = the number of numeric variables, Each
element of an array 18 one variable,
A = the mumber of alphanumeric variables,
E = the space required for FOR loop processing
and expression evaluation, This 1se about
200 bytes for an average program but

varies with progrem complexity.

698 RUNNING PROGRAMS THAT EXCEED PART ITION CAPACITY,

If the program to be run exceeds the capacity of
the partition of the_computer avallable, the program may
be broken down into two or more smaller programs,

Variables that are common tc both smaller programs
are listed in a COM statement, The coomon array variables
are also dimensioned in the COM statement, Wwhen the second
program 18 to be run, the command RESTART 1s used instead
of the START command,




e 4R U R b e R T A P« S Ty T L T e LA

YR S VR P gl W AR OIS A e o5 R

REETE A NI E I G P g

P DA B el s A i Tk

ranad SohAt PR

BTt abiorb e b "

AR IR - o dhie e A

188,

The -example below shows a program for performing

matrix multiplication, that has been broken down 1into

three programs, The three smaller programs are connected

by the COM statements and RESTART cofnman.ds°

: START
:10 COM A(10,10), B(10,10)

- t20 FOR I = 1 TO0 10: FOR J = 1 TO 10:READ A(I,J),B(I,J)

¢30 NEXT J: NEXT I

:40 DATA (100 numbers for array A and 100 for array B)
:99 END

:RUN

END PROGRAM

¢:RESTART

:10 COM A(10,10), B(10,10)

:20 COM C(10,10)

t30 FOR I = t T0O 10 FOR J = 1 TO 10: C(I,J) = O

:40 FOR K == 1 TO 10: C(I,J) = C(I,J) + A(I,K)*B(K,J)
:50 NEXT K

: 60 NEXT J: NEXT I

> 70 END

:RUN

END PROGRAM

:RESTART

:10 COM C(10,10)

t20 FO I = 1 TO 10

:30  PRINT USING 35,C(I,1),C(I,2),C(I,3),C(I,4),C(1,5),
¢(1,6),6(1,7),C(1,8),C(1,9),C(I,10) '

135 % HRE HHEE HERR BREE BERE ORI BREE BEEE REER AR

40 NEXT I: END

PSRt
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THE CHAIN AND CHAINR COMMANDS,
100 CHAINR |
The CHAINR progrem statement prodfices in effect an
automatlic combination of the follbwinsz
STOP (stop ourrent'prosrdm)
RESTART (olear user area,saving Common Data)
LOAD (load new progrem from terminal tape reader)
RUN (run the program)
This command can be used for loadlng and executing

one or more segmented Jobs with a minimum of intervention,

200 CHAIN

The CHAIN proéram statement produces in effect an
automatio combination of the following:
STop

START (olear user ares)

LOAD
RUN

The CHAINR statement clears the user area but saves
commonigita,

The CHAIN statement clears the user -completely,
This 1s useful in loading snd running a series of
independent programs (those having no common data) that
have been saved on paper tape,

The use of the CHAIN and CHAINR statements in loading

and executing programs saved on casettes and disks is

presented in a later chapter.
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6.10 WRITING A LEVEL SIX PROGRAM.

A iéVQl six program is one that involves reading in,
calcula£1ng with, and printing out, one or moie
twwo-dimaensional arrays; A typlcal program would be
as follows:

10 REH‘ ,-’MICHAEL DELORENZO LEVEL SIX 12/13/72

20 REM TWO-DIMENSIONAL ARRAYS |

30 DIM A(10,5), B{10,5), C(10), D(10,5)

40 FOR 351130 10: FOR Y = 1 TO 5: READ A(X,Y),B(X,Y)

50 NEXT ¥: NEXT X

60 REM READ IN ARRAY C TR
70 FOR X = 1 TO 10: READ G(X): NEXT X L
80 REM PERFORM CALCULATIONS AND STORE IN ARRAY C #

90 FOR X = 1 70 10: FORY = 17T0 5

100 C(X,¥) = A(X,Y)* B(X,Y)*C(X)

110 NEXT Y: NEXT X o

120 REM  PRINT OUT ARRAY C

130 FOR X = 1 T0 10 o
140  PRINT USING 145,C(X;1),C(X,2),C(X,3),C(X,4),C(X.5) .
145 S RHRE  HERRE O FRRRR O REE R o
150° NEXT X |

160 DATA (110 numbers)

170 @D
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CHAPTER 7
USER-BEFINED FUNCT TONS AND SUBROUT INES
WRITING A LEVEL SEVEN PROGRAM

USERoDEFINED FUNCTIO&ég

when a particular formula that can be entered on

one ‘line 18 required at several points in a program,

f, the uaer,mny define tnie function and then use it anywhéreV»”‘ .

' which nﬁhés the function, followed by parentheses that

j After the functlon has been deflned, 1t 1s used 1n_muuh

' contalin a'scalarfvariable((a letter or a letter followed -

‘will oauae the aystem to print out the valuea of V, X,
of 82 + (2)(8) - 17.9 eand of (vxx)© +(2)(V*X) - 17.9 .,

120 DEF'_{f.."NB(C) = 643 + FNA(C) - COS(C)

and as often as needed 1in the program,
‘ The funotion nust be defined by use of a DEF
statement which consists of a line nnmber,-;he lettérs

DEF, the Ietters FN followed by a letter or & digit

by a digit), followed by an equals sign, and then an
expresalon which deflnee the funotion, Forlexampie:

60- DEF, ENA(H) H+2 + 2% « 17,9

the same waj as any of<the 1llbrary functions, The statement.

100 PRINT V, X, FNA(B) . FNA(V#X)

. The DEF statement may refer to other functiona
either llbrary functione or useradefined functjons, For

examplag;




) qp to five levels of function nesting is permitted, -1
For endplw | t

210 DEF FNL(X) = X3 + X $2/9.77
220 DEF FNM(Y) = 6.17%Y - FNL(1.18) |
230 A = FNM(13.91) + SQR(ABS(FNM(1.19)))

A funbtion-cannot,refer to itself,

Two. functions oannot refdr to each other, as this
~would foru an endlesa 100p. o
A: neference camnot be made to an outside DEF FN

‘atatemeu$ from an 1mmed1ate mode statement,

) Thﬂ JEF FN statement may be placed anywhere in tha
- progrea.
| ﬂhe scalar variable in a DEF FN statement 1s called

& dummy ®ariable, It may have a variable name identlcal -

to a redlEyariabie used elsewhere 1n the program or in

other DE?\FN atatemehtao_ Current values of these

'-;varlablea will not be affected during FN evaluation,

| Tha user-deflnad function in BASIC can contain
fonlj ono argument., The statement :
BO-EF_,!}M(A,B) A‘\"Z‘ + B2 1s ilnvalid. The parent.h.,’asé-a' :
| may contain only a aigg;e,scalar variable,

(Thbre 18 no punpqae{in defining & function if it
i 15;6013 501n5‘toibe #Aed onge in a prbgramo
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7.2 SUBROUTINES,

' A user-defined function can be no more than one

program line in length, If a group of several atatements
are needed several times in a progran, these'statements
do not have to be writien over and over again, They may

be written once and the system can then branch to them

€
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whenever they are neseded, One way of doing this 1is by

use of & subroutine, -
| A subroutine is really an independent program to - .j
- be exacuted when called by another program
The first progrem line in the subroutine may be any
BASIC statement, For example, below is a subroutine for

calculating the factorial of a number, X. It considers

B P TS P S B

the posBibility of X being negaﬁiVe, X being equal to

_zero, and of X being positive, If X is positive, the ‘
factorial of the number is calculated and asaigned to the "i
variable F, and control 1s then returned to the main | i
progrem,

If X 1s zero, the value of X factorial le one,
This muber is assigned to the variable F, and control 1s
returned to the main progrem, - ‘

If X 18 negative, the measage "FACTORIAL OF A NEGATIV@
NUMBER IS UNDEFINED"is printed out, and control is |

returned to the main program, -




1

200 IF X€O THEN 300: IF X = @ THEN 280

210 N=X: A=1: F=N#* (N~ A4)
220 A=A + 1; IF AN THEN 210: RETURN

280 F = 1: RETURN
300 PRINT "“FACTORIAL OF NEGATIVE NUMBER IS UNDEFINED": RTURN
REM statements may be written anywhere in a subroutine.
It is ually a good idea to have the firat statement be |
a REM statément, explaining the purpose of the subroutine,
Thellaat executable statemént in a subroutine must be a
" RETURN statement. However, a non-executable statement
such as & REM statement may be shown on the same line,
For exsmple:
310 RETURN: REM END OF SUBROUTINE
'To eall for a subroutine, a GOSUB statement 1is
'ubed 1n_ﬁ§9 ma1n program, In the following program,
the numb;f.oflpermutationa of N thirngs taken R at a time
is calculated using the formula
number of permusations =(N factorial)/((N-R)factorial)
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10 REM . PO FIND PERMUTATIONS OF N THINGS TAKEN R AT A TH
.20 REAIi‘—;ﬁ. ‘R: 'IF N = O THEN 300 ’ ‘

LET X= N: GOSUB 200

- 30
40 REM P IS THE VALUE OF X! FOUND IN SUBROUTINE
50 F1 = F ‘

60 LET X = N - R: [OSUB 200

TO F2 = F | |

80 REM. PEPMUT_ATIONS EQUAL N1/(N-R)!

90 LET P'= Fi/F2 : PRINT N, R, P: GO TO 20
100 END

200 ~ REM SUBROUTINE FOR CALCULATING X FAGTORIAL

205  IF X €0 THEN 309: IF X = O THEN 280

210 N=X: A=1; F=N#*(N«A4)

220 A=A+1;: IFA<N THEN 210:  RETURN -
280 ¥ = 1: RETURN '

%00 - PRINT "FACTORIAL OF NEGATIVE NUMBERS IS UNDEFINED"

310 RETURN: END OF SUBROUTINE
95 DATA 15, 13, 8, 7, 10, 10, 25, 2, 0, O
vﬁh.n~the systam,encounters & RETURN statement in

& subroutine, the eystem 1s directed to the verb following -

the last executed GOBUB statement, The first time the
subroutine in the above program is executed, it wilil.
return to statement 40, The second time the subroutine

is exeouted, 1t will return to the statement on line 80,
B '
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Thls poih@a out the main advantage of. the use of ‘the GOSUB%‘/
and RETéﬁx"stateﬁenta over using just GO TO statements,
A RETURu:etﬁtement cannot be replaced with a GO-TO state-
ﬁent beéadsé each time!the aubroutine.is executed, the
asystem is to return to a different part of the program
than the lsst time it was executed, | |
Subroutines may be prepared in advance of‘ﬁritlngl
a prosram,»éﬁd they may be easily stored on punched paper
tape to be loaded into the overall program uhen'ﬂhq main
program 1s typed, Preparing and saving subroutines
such as those for solving quadratic equations, solving
8 system of iinear euqtaions, calculating lncomaé taxes,
or calcﬁl&ting payroll dedeuctions can be very useful,
The GOSUB and RETURN statements maj be used. to
perforn & eubroutine ¥ithin a subroutine, This would
be a nested GOSUB. o | |
A prosram may cont&in several subroutines and they 5i
may be located anywhé?e_in the program, Howdver, great S
oare must be talen to ensuve that the system does mot . .
begin exeoutlng a subroutine without having been diradtddgifj ‘
thera by a GOSUB ata.tament° If this should happen,
the syatem would‘bo campletely confused in attemptins to }
execute a RE!UBN atatemant in the subroutine, Tt would not
know whore to return te since 1t was not sent there by a fi;_
“GOSUB. It 18 wise to place all aubroutines at the end of o

a progr&m, preceded by an END statement,
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7.3 W
50 GOTO W' 250, 280- 300 ON (x + Y)
If tha truncated integer value of X + Y ie 1,

conmrol is transferred to the atatement on line 200

If;the value is 2, control 1is tremsferred to line 250;

if 3 to line 280; Af 4, to line 300, If the value is

greater than 4, control 1s tra(nsferred“to the next state- .
‘ment 1n*the program, '

. If the truncated 1nteger value of the cxpraasion ?
r’_'_Vrfl_;i-'iihin the parentheses is less than one,‘an~error message o
fiégp?intad out and exeoutlion termimated.

) - 8tatement 50 above may be considered aa a replace-
.ment for the four following IF THEN statements:
50 ¥ IM(X+Y) 1 THEN 200
51 IFINP(XeY) = 2 THEN 250
52 IF INP(X+Y) = 3 THEN 280
53 IF m(x\»r) 4 THEN: 300
" op the next paéé 18 an example of & program

I

\utlliz&ps -@0TO ON’ata&Omenteo




d?:rite}eiee 25 on page 140 involves the calculating

" of Fedérel income tax on taxable incomes between $6000

| and'$16;ooo, Below 18 an example of how such & program
could be written utllizing the GOTO ON statements,

10 REM FEDERAL INCOME TAX ON GROSS INCOMES $6000 - §16,000 4
20 PRINT "QRoss INCOME", "DEPENDENTS", "TAXABLE INCOME", "TAX" ;
30 REM . @ IS GROSS INCOME | ;
.31 REM D IS TOTAL NUMBER OF DEPENDENTS. AND EXEMPTIONS L
40 READ G, D: IF G = O THEN 400 J "‘;

45 REM I IS TAXABLE INCOME %

50 I =G« 625%D ~ ,10%G 3

60 GOTO 110, 110, 200, 20%, 202, 203, 204 ON (I/2000) ‘%

110 PRIN? "TAX CANNOT BE COMPUTED BY THIS PROGRAM": GO T0 40 «é

200 T = 1130 + 25?1-6000) GO TO 300 ,é

201 T = 1630 + <284[-8000): GO TO 300 “’3
202 T = 2190 + .32¢(I - 10000): GO TO 300 ( ?§
203 T = 2830 + ,36*#(I-12000);: @GO T0'300 f?
204 T = 3550 + ,30%(I-14000) . | |
300 PRINT G, D, I, T: GO TO 20 O
350 DATA 16000,2, 15570,1, 15250,4, 14780,2 -

351 DATA 13500,2 13,125,7, 12800,2, 14819,4 | : f,%
352 DATA 8000,6, 7250,1, 10777,5 0,0 |
400 END N . '.fi
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7.4 THE TRACE ON AND TRACE OFF STATEMENTS.

Thg TRACE statements provide for the tracing of
the execution c¢f a BASIC program, This 18 often useful
in debugging a program that does not seem to be avcomplishing
18 intended purpose,

TRACE mode 1s turned on TRACE or TRACE ON 18 executed
and 1s turned off when TRACE OFF 1s executed,

When the TRACE mode is om, the printouté wilill be
produced when any program variable received & new value
during the execution of a LET, READ, or FOR statement,
Printouts will also be produced when a ppogram transfer
is made to another sequence of statements by a GO TO,

GOSUB, or IF statement,

Program Printout

30 TRACE ON A=0

40 READ A, B B = 90

50 X = A + (SIN(B/57.2958)) X =1

60 IF X = 4 THEN 180 TRANSFER TO 0200

70 GOSUB 200 C=09

80 C=F TRANSFER TO 0040

90 GO TO 40 A=4

95 TRACE OFF B = 360

100 DATA 0,90,4,360,2,130 X=4

180 END ' TRANSFER TO 180
- 200 (Subroutine) 3300 BASTC READY
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7.6

A........._.._‘_~.-_,.

LET S?AQEMENTS WITH MULTIPLE VARIABLES,

. It two or more variables are to be assigned the
same value, this may be accomplished by writing the
variables separated by commas to the left of the equals
slgn in a LET statement., For ezample§

10 LET X, Y = 3,49

This statement will cause the value of 3,49 to be assigned
" %0 both the variable x and the variable Y,

20 LET X, Y, 2(12) = A + SIN(B)/6

Thls statement wlll cause the system to caleulate the
value of A + SIN(B)/C and asslgn this value to each of
the variables X, Y, and 2(12),

WRITING A LEVEL SEVEN PROGRAM,

A'level seven program ias one that makes use of
& user-defined functlion and alsoc use of efther a
subroﬁﬁine or use of the GOTO ON statement. A portion
or allfof the program 18 to be executed in TRACE mode,

A typlocal level seven program 1s on the next page,
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'CHAPFER 8
| MATRIX OPERATIONS
' WRITING A LEVEL EIGHT PROGRAM

¢ 1 MATRICES, | | | j,*?
A" rectangular array of numbers aubjéct tc er .ain

ules of operations may be called a matrix, The ai 'ix

foolaies s on e WL T e e

23.4 18,6 12,9

«5.6 =7.8 10,1
zould be considered.ap.the coefficient matrix ¢ . tI syz_eﬁ'.w’
of homogeneous lineér equations | |
| 23.4% + §8;6y + 12,9z = 0

~5,6% = 7,8y + 10,iz = 0

~r

“he matrix may be used in cbtalinlng solutions 1 h

syetems of equations,
The numbers in & matrix are arranged in i1 3 nd
columns, -A matrix having three rows and five ¢ -w & o

- may be referred to aé a "3X5" patrix which 18 a

.13
B
4
e

A

. tas l,i
X

"3 by 5." A square matrix would have the same ) o "

»wg and columns, ﬁ - SR

*

‘ ’ o
o Lot .
TR WG

Sidh

A matrix may cpnsist of a single row, and: o ¢ L

’;’ .
o
2

- salled a row matrix or & row vector, A mR&trix ¢ 1s. 't

TR b : : , ,
of a single column wpuld be called a column mat - 3 S

o

K 0 .
SIS S IR
ST SIS ST

column vactor,

A matrix may conslist of Just a single el: :@:n




8.2

_“9&@@9 gﬂmatrix ;a:éimply an array,-a'matrix nare
ey ba}i%y:oné of the 26 letters of the alphabet,
| Be}éhe-any of hhe.BASIC operatlions can be used with
matricee:iéach matrix must be declared in a DIM statement‘

to reserve computer space for 1it,

READING IN A MATRIX,
t0 DIM A(3,4), B(10,10), C§(8)
20 MAT READ. A, B(3,5). C$

180 DAIAv(tz numbers for matrix 4, 15 numbers for mairix B

-and 8 sets .of alphanumefic characters for matrix C.)

The MAT READ statement causes the matrices to te
filled in order with the values 1n the DATA statements,
Lach matrtx,is fllled row by row,

In the example above, the first 12 numbers in the

'DATA statements will.béhassigned to matrix A, Notice that

matrix B has been redimensioned to a 3 X 5 matrix by the

| MAT REAb statement, Aﬁy matrix may be redimensioned in
A MAT READ statement, .

The next 15 numbers will be assigned to matrix B,

and the eight sets of alphanumeric characters will be

~angigned to matrix G§. The elements of a matrix may be

alphangmeric_stringa'ésglong as the patrix name consists

- of a letter followed By a dollar sign, Remember, no

_arithmetlc operations can be performed on alphanumeric

strings, -




.‘8;3

'?;corrGSponding element In matrix B and the result is ylaced
" in tha.dorresponding pogition in matrix C, Matrix C may .

appaar on b0uh gides of the equals sign,

- in matginG, and the result stored in the corresponding

. 6f the two matrices being added or subtracted,

10 BIM A(3,8), B(3,8), £(3,8), D(3,8)

30 MAT C=A+B

addition, Bach element in matrix A is added to the

in matrlx B 1s ‘subtracted from the corresponding elerent

of the QQuala sign, -

204, ¢ R

MATRIX ADDITION AND SUBTRACTION,

Vvt N
LR LA e, KA R L

RISV, ¥

20 MAT READ A, B

RE LN

40 MAT D=¢C - B
‘Magrix addltlon or subtraction may be performe: on

two mat?ices having the same dimensions, In matrix

JOSFRRERIUI SR 'S HEY CR SRS

FER

In the matrix subtrartion shown above, each elcment

% ."'.“.

NG

R,

position of matrix D. - Matrix D may appear on both sides

If the diménsions of the two matrices being zd ed ;:

T o2et il e SN
PRTT REAE W R, -

IR 20

or Subtrgcted are not the same, an error message wil:
be print¥d out and the execution terminated, The

reaulﬁiﬁg_matriwiill hé#e the same dimensions as thcse . ‘ ’4>Q
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8.4 PRINTING OUT A MATRIX,

100 MAT PRINT A; B; C, D -

Each matrix is printed row by row,

All the slements of a row are printed on as many lines
ags are regquired with single line spacing, A blank line
separates rows, The first element of a row always starts
at the beginning of a new prini line,

Four values will be prinﬁed to a 1line (zone-form)
unless the matrix name is followed by a semlicolon.

The semlcolon will cause the printing to be in pack-form,

A vecuor array is printed as a column vector,
double spaced,

In.the example above, matrix A and matrix B wiil A
be printed in pack-form. Matrix C and matrix D will be

printed in zone-form,

7

RETRRTELS A COD O SR L

8.5 MAT PRINT USING.

100 MAT PRINT USING 110, A:
110 % +##. 4111
When a semicolon or a blank is usged after the name

of the matrix to be printed out, the matrix will be orinted

e ‘ixﬁe‘fﬁ-&.;.

out row by row with all the elements of a row printed

on as many lines as required with single 1line spacing,

An additional plank line wlll separate rows, At the
beginning of each row, the image slatement 1s restarted,
Rows of matrices with more than four elements can be printed

on a slngle line in any specfied format.




é;;1150 MAT PRINT USING 160; 4.

If matrix A 1n the example Just shown 13 a 2X5

matrixﬁﬁthe two 1nstruetions on lines too and 110 will

result in a prinuoit auch as:

\+11 3}29@6 -15 4E 1(, . +’[°6E+O4 +6,7E+ 10 -12, 22-06

If’a comme were Uﬂed after the name of the matrix o f%
in lind“too .a ca«rrase return will only be output when. ’g
the imasevstatementaisxuged up and must be restarted, The A:

K

at.at.ementp ey

110*% +##~#t!"'~ it #‘!'i +## #!:'z' AL 7+##n#!if1?'

' would result in the same output as the gstatements on

) ‘Iine 160 and 110 above, 1f matrix A were a 2 X 5 matrix, 2
L Fhe following is &n example of an image statement ;-‘4f§

Wﬁ<uaed f§§ print1ng out, literal strings as well as the
 \3numér1§”va1ue of a matrix:
f Bdeﬁkﬁ‘PRINT USING 310, ¢
f;1o§zjmd‘ ITEMS = fi### °~ COST PER ITEM = ###H#F TOTAL = #####;m
 if h@%rik,c were & 3~X13 matrix, the printout might appear R

as;:.

<NO, ITEzs = 12 COST PER ITEM = 12,23 TOTAL = 146,76
Mo, ITEMS = 10 COST PER ITEM = 10,00 TOTAL = 100,00
NO. ITEMS = 100 COST PER ITEM = 5.50 TOTAL = 550,00 |




LA
-

. 8,6 MATRIX SCALAR MULTIPLIDATION,

10 DIM D(5,10), E(5,10), F(5.10); g(5,10)
20 MAT READD -

3C READ-X,Y

40 MAT E = (7)*D

50 MAT F = (x 42 ¢ Y$2)%D
60 MAT G = (COS(X))*D
The general form fo» matrix scalar multlpllcation

8 MAT C # (k)*A, where matrix ¢ and matrix A have the

same dimensions and k is a factor called a scalar, The

scalar, k, may be a constanit, a variahle, or an expression,

Each element of watrix & 1s multiplied by the scalar k

and the result i3 sicred 1v ihe corresponding positicn

 ‘poait1on,1n mavrix C,

897

It 1s essential that ilhe secalar k be enclosed in

kS

parentheses, even when 1t is a constani,

MATRIX MULTTPLiCATION,

-’10 DIM Q;{B,A), B(#.3), :_C(i_,B)

20 MAT READ A, B

30 MAT = A%B

Two matrices may be mulitiplied 17 the Tirst matrix

" has the same numbev of elemenis 1n each row as the second

matrix has in each cclumhk. The number of columns of the
fiprst mhtrix must cqual the mmber of rows of the second

patrix, -
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208
'i; j In matrix nultiplication, the product of the row
:ga | @lements of the flrst matrix and the corresponding
;i column elements of the second matrix are added to produce
g the element in the product matrix whose row number and
g column number 1s the same as the row and column contalining
§>. the elements being multlplied, That 1is,
én C(i1,1) = A(1,13#B( . 1)+A(1,2)*B(2,1)+A(1,3)%B(3,1)+A(1,4)*B(4,1)
é‘ The product matrix will have the same number of
éi rows as the first matrix and the zame number of columns
% a3 the second matrix,
g‘ If the number of elements 1in the first matrix does
% not equal the number of elements in the second matrix,
an error message will be printed out and executlon §
» terminated, '
? Matrix multiplication is not commutative, ;;
é- 1 3 7 S 16 9 s
: > e d T ke ;\
S I COY B TR
s 1) [ o4 T ke ;]
?~ The same matrix cannot appear on both sides of the ?
equals.sian »é
5

e i Dl




RS 269;5
Lxerolses 8,7

>
- |-
Calculate: . |
1. A+ B 5. ED 9. 10E
2. A-B 6. AC 10, 44
3, A+C-B 7. Ch |
s, B 8. 5D
F= |2 3 G = i
5 2
| 31
Calcniatea: o
. #1, EG | 13, S
12, aF 1&,:25;

15. Which of the following are impessidile e perform, using
the above matrices? - .
a) D+ E d) oF g) A+ F
b) B - G ‘ e) B¢ hy B+ F
g) bF ) k@ l).C + F




8.8

8.9

LT RO T T
i J.‘{‘ %

G NPT T T a0 TRl T,

WeRl - 7 T TAe e T TR R s e o n e e o mem R resm e ot oL e T T s LT T e e e e E T R et el C R

210,

MATRIX EQUALITY,
10 DIM a(2,4), B(%4,5) ‘

20 MAT READ A

30 MAT B = A

Each element in mairix A is stored in the corres-
pondins ﬁosition in matrix 3, Malrix B is automatically
redlmenéioned to cocnform to the dimensions of matrix A,

Myltiple equal statements such as MAT A,B = C
are not éilowed° |

’Tw¢ matrices are equal if and only if they have the
3ane diﬁensions and each element of ohe ls equal to the
correspdndihg element of the other.

The nanes of the patrices must be numeric array

names, String arrays may notv be used,

MATRIX CONSTANT ONE FUNCTION,

10 DIM A(25), B(3,8), c(eoyfo)

20 MAT A = CON |

30 MAT B = CON(4,7)

40 MAT C

il

CON(X,K) ;

The MAT CON function sets all elements of the named

matrix to 1, IT the matrix is tp be redimensioned, the new

dlmensiohs are contalnad in paventheses following CON,
1f no parentheses Tfollow CON, the matrix wlll not be
redimensioned, The matirly name must be a numeric array
name.

A patrix ail of vhose elenents are 1 is sometines

called the J matri,

S R T RTETTRERY
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8.10 IDENTITY MATRIX, ‘ | - | _H’:-,_.é
10 DIM A(6,6), B(9,9), C(10,10) | %

20 MAT A = IDN ?

30 MAT B = IDN(8,8) ﬁ

40 MAT C = IDN(X,Y) 5

The identity or unit matrix is a square matrix »;

all of whosg.elements are zeroes except those on the main :
dlagonal (top left to bottom right) whiech are all ones, . * ;f

It 16 called the identity matrix because it is the | :

~ multiplicative ldentity matrix,
b As shown above, the matrix may be redimensioned
at executlon time,
If the specified matrix 1s not a square, an error
message wlll be printed and execution terminated,
This can only be used for numeric arrays,
If matrix A is the ldentlity matrix, the product of

matrix A and a second matrix is a product matrlx identical

ca R S et A g E . .
R 0 Fa e AT A b B e,

to the second matrix,

)

ERCPER W

8.11 MATRIX ZERQ FUNCTION,

10 DIM A(5,6), B(10,10), C(8,11), D(50)
20 MAT A = ZER

PFRRINSRETE R L B Y

30 MAT B = ZER(7,7)

40 MAT C = ZER(X,Y+1)

50 MAT D = ZER(25)

The MAT ZER function sets all the elements of a

e i R R s

matrix to zero, Writlng two expressions separated by

a comma within parentheses after ZER will redimension

the watrix while zeroing it,
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8,12 MATRIX TRANSPOSITION,

10 DIM a(2,5), C(5,2) .
20 MAT Qé;iTRN(A)

-A.ﬁétrlx 1s transpoeged when the elements in the
rdws becoﬁe the elsments in the columns, and the

elementsiln the columns become the elements in the

o L
SNV PEHIER SSUNGE Y L. DN B SO0 R S PASPRSIRLY SR e b2

PR
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rows of‘the regulting matrix,

For example, the matrix

’whén transposed becomes e ;@
, F% -
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Matrix C may not appear on both sides of the egiale
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8 13 THE Iwz OF & SQQARE MA‘I‘RIX
10 DIM A{? ), C(9 9}
20 MAT: mn A
730 MAT € . INV(A)
The 1dentity matrix ls any °quare matrix all of

3
A
PR

N
e,

g

\m . “’;‘.'j\ ""i:‘ﬁ'.“'i"ﬁ’“'; . $

by

‘ 'whoae elementa ane zeroes except those on the main
: e

diaconal which consiets of all ones, For svery

.nonsingglqriaquare matrix there exists an inverse

: AU LA
PYSPCTUREI v~ -1 JET Y

‘~f matrix aﬁch.that the product of the matrlx and 1ts

1n7eree 1a the 1dent1ty matrlx For example, the
Finveree matrix of 3 5 18 6 -5
W 7 3 R 3

I

L v o B ar e M o i

2

because ﬁ§§;r.prdduct is the identity matrix 1 O

4
X

o 1 - e

Wi i A

T

Fiading the inverse of a large matfix/cén be very

s
W iRand

s

- difficult,, However, with the use of BASIC and a computer,
it 1s very simple | | "
Matrix C may apppar on both sidee of the equals .

eisn., The dimonaione of C are automatioally determined

s, by bhﬂ dlmanaiona of matrix A, Notlce In the DIM { g
statement above,umatrix C was dlmenslongd larger than ; ; ‘ f
fiactually neoeasary, " :
;, Not. only muat matrix A be square, but 1t must be ngy f
nonsinsu:;ar° That 13, its determinant must not be zero, 5 :

- Am examplejog a singular matrix would ‘be a zero matrix,
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DETERMINANT OF A MATRIX,
10 DIM A(7 7), €(9,9)
20 MAT C = INV(A)

30 D = DET:

40 PRINT "DETERMINANT OF MATIRX'A IS ", D

After the inversion of matrix A, the DET function

ls equal to the value of the determinant of matrix A,

MATRICES IN IMMEDIATE EXECUTION MODE,
The followling matrix statemenits wmay be used in

immediate execution mode:

 MAT addition MAT A = B + C
MAT CON MAT A = CON
MAT equallty MAT A = B
MAT IDN MAT A = IDN
MAT INV - MAT A = INV(B)
MAT multiplication MAT A = B*C

MAT scalar multliplication MAT A = (6)%*B

MAT subtraction MAT A = B - C
MAT TRN  MAT A = TRN(B)
MAT ZER MAT A = ZER

MAT PRINT MAT PRINT A,B
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8,16 ' MATRIX.INPUT,

10 DIM A(4), B§(3)
20 MAT INPUT A, Bg(2), C(3,4)

The MAT INPUT statement causes the system to print
a question mark when the statement 18 executed. The
system then waits for the uaer’to supply values for the
matrices indicated, In the ecample above, four ialues
would be entered for matrix A, two sets of alphanumeric
cheracters would be entered for: matrix B§, and 12 values
would be entered for matrix C,

The MAT INPUT statement may redimension 8 matrix
already demlinsioned by & DIM sﬁatement or by another
MAT statement, The MAT INPUT statement may also
dimension a matrix that has not yet been dimensioned by
a DIM statement. or other statement, In the example
above, the MAT INPUT statement has redimensioned matrix
BS and has dimeis ioned matriz C for the Tirat time,

The value finputs are assigned Lo a matrix row by
row until the metrix 1s filled, Excess data 1ls ignored,
Entering no data on an input line and striking |
the carriage return signals the sysiem to lgnore the
remalning elementis of the matrix currently being fllled,

If there is & system-detected error in the entered
data, the data rzust. be re-entered beginning wlth the

erroneous number, The daia which precedes the error is

accepted,
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MULTIPLE MATRIX OPERATIONS

’ Multiple matrix operations are: not permitted in

a single'program statement., A single statement may

~ contain only one matrix operatlon,

~ J0OMATC=A+B.-C 1s 1llegail.

. This would have to be accomplished by the use of two

statements:

10 MAT C = A + B

20 MAT € =C - D

8,18

“. be defined as a two-dimensional matrix with dimensions

AUTOMATIC DIMENSIONING OF A MATRIX,

If an array variable that has not been dimensioned

is encountered in a MAT statement, it will automatioally

10X 10,

REDIMENSIONING OF A MATRIX,

A matplx may be redimensloned by writing the newf'

dlmenalons within parentheses followlng the matrix name

‘in any of the following MAT statements:

MAT CON .~ MAT A = GON(5,6)
MAT IDN  MAT B = IDN(9,9)
MAT ZER = . MAT C = ZER(35)
MAT INPUT ~ MAT INPUT D(5,5)

MAT READ = MAT READ E(5,11)
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- A matrix may ulgd-bairedimenaioned in aJﬁATk

. FILEREAD statement, which is presented in chapter 9,
: When a matrix 1s redimensioned, the total number.

of elements in the redimensioned matrix cannot be greater

RN S P
ST WO RIS S O TR

oot L ey
SRR £ RTINS

. than the total number of elements specified by the original
fidlmensidnsVaa given in a DIM or_COM‘statement,:or 10 Xslo/-
vif not specified. If matrix A is dimensioned by

1o DIM A(10,10)

J R

‘fit -mey be redimensloned to (11,9), (12, 8), (5 5),
" '(2 50), (75), (100). etc., but cannot be- redimensioned
'filn such & way as to result in more than 100 elements.,
;If this condition 13 not met, an error message will be
printé& dut;» 7 | |
' S In arithmetic matrix operztions, the matrix on
‘ R uhe laft~hand gide of the equals sign is automatically
redimensioned, receiving the dimensions of the resultins
© matrix. ':‘ B ) f
10 DIM A(3,3), B(3,3); C(20)
20 MAT G= A% B

-- ‘Mat1z c uill automatically be redimensioned to (3.3)n;




8. 20 U%E OF S&RING VARIABLES IN MATRICES.

Arathmetic operatione may not be performed on
atring Varlables, Therefore, only the following matrix
atatementa may contain atrins variables:

MAT INPUT
MAT PRINT
MAT PRINT USING | |
MAT READ ' v;iéi:

e L : ; . L - Cy ek
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8,21 SOLVING A SET OF SIMULTANEOUS LINEAR EQUATIONS. o
- 26. - -
3X ¥ 52' +7‘-2z‘ = 39

X + 2Yi# 32

2X + 4Y + 2 = 27 ) - “
ThB above sat of. simul® .aneous 1linear equationg

ﬂ.:may be repreaented by the matrix equatlon

18 [-.6 2 2.2

The 1n§eréajdf 1
" 3 3 5 | o2 -1 _ o - 1°4

w 2 4 1 4 139698 X 1070 oo3f. 3

v

iT7b6th3&1&68 ofybhe ngvG natrix equatign were

multiplied by the inversgof [1 2 3
o 3 s
2 4 1

2
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the resulting matrix equaticn would be
1 o o} [x 2.6 2 -2,2
o 1 o] ly]= |.2 - 1.4

o o 1}z A =1,39698 x 1077 -2

or 3
Yi= 14
Z 5

S

Therefore, the scolution te the set of simultaneous

linear equations is X =3, Y = 4, Z =5,

* The BASIC pregram designed to perform these

computations would be:

10 DIM A(3,3), B(3,1), D(3,3:, E(3,1), P(1,3)
20 MAT READ A, B |

30 MAT D = INV(A)

t

40 MAT E = D¥B

45 MAT P = TRN(E}

50 PRINT M_xn' "Y", "Z"

60 MAT PRINT F

70 DATA 1. 2; 30 5. 5" 2’ 2' Ll-' 1
80 DATA 26, 39, 27

90 END
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EXERCISES 8,21

Write the necessary prbgrams and .solve eaph.of the

PO

followlng sets of simu@taneoue 1linear equatlons,

T ) W s
R T T RN e

R

CREIPC LN Z N SN TS IR VRY-Sr I AT

X- y=173 . 2, 2a+ 50 =18 : T
2x + Ty = 29 S Za+ kb= |

22X~ y+ z=3 4, x+ ¥y - 3z =8

x+2y -z=73 . 2x - 3y + 2z = -6

X -f4j’+ 2z = 51 : 3X + 4y -~ 22 = 20

§
L]

 1.061w & 2,669x + 4,361y

12,418« 0,119z = 4,308 if;f*

-1.501v + 19,832w + 0.694x - 4,816y + 2,274z = -8,449
2°398V7%%;1°728w - 1$£1§5x - 2,023y + 1,104z = ~33,031

'
L.
=

7., 0913w
4, 168w

3.359v
-1.562y

et
oy
+

27,864y + 3.T372 ==106,909
1,818y + 9,490z = 30.268

+

]

N

e R

L9
‘0

&

"

+




DAt cEan A RS-t O e S A MM IR CLLADEEE R A it T

O . eea,

GHAPTER 9
DATA FILE OPERATTONS
URITING—A LEVEL NINE PROGRAH

9. ’THE FILE8 STATEMENT,

Data Piles are qeta of numeric and/br
.alphanumerio data whidh are stored on paper tape,} ' ','47'ff
oasettea, or dask, e ;’lei““:?ﬁ

The FILES statement 1is used to assign a phyaloal f;
unit to each file designator referenced in the program,.4

:All files designators used in a program must eontain e :ffggfﬁ'.7

oorresponding unit assigrnment in the FILES statement
l1st, | ‘ ’

Thﬁxfilag are asajgned sequentlally, the first "‘; 

) item in the list asaigne file #1, the ameoond assigns Sk A

..‘v

‘ <¥file #2 eto,;

The flle designator #0 when used 1n a program

o e
BRTERARS PRSI EN

alwaya impliea the taletype termlnal .paper tape reader

p PE AT
S vl S 2 W

’,iand punch Thereforp, a FILES statement is gg_
'bseesearx for paper‘mape files,

= 1

Caaette tape fiIes are 1dent1fled by numbera 1
thraugh 32, If thanu &a more than one file on a eaastte
"}cape, the cesette, number 1s followed by a slash and the

W e : N ~."_\;‘ . ,y:
e WA R e ‘(\A\.W;.'.u«, Bl

ot
ERPLEREN S
SR

number of the file logation on that tapé,

“

v
T AV CR VYRR

[ - ¢ s



223,

10 FILES 3, S5/4 ,

Acovording this statement, file #1 1s to be ocasette
tape 3 and file #2 18 to be casette tape 5, fourth file
on that tape,

Disk files already catalogued are identified by
thelr name within quotation marks,

Disk files to be catalogued are identified by
their name within quotation marks, followed by a slash
end the number of disk storage units required for the
flle.> D1sk storage uhits are multiples of 1024
chardéters,

10 FILES "HENRY","MARY"/S

According to tpis statement, file #1 is to be
a disk file already catélogued under the name "HENRY,"

File #2 1s to be a new disk file to be oatalogued
under the name "MARIf:and is to be allocated 5 disk
storage units, which ié equal to S times 1024 or 5120
characters, ‘

The FILES Statgment must appear in the program
beforelgny file operailons. It may, however, be modified
after a program 1s loaded and before it is run, This
permits. & program tojbe written with file operations,
The actual unlta to‘£§ used for the flles can be assigned
at exeocution time, ‘

Up to eilght disk or casette files can be assigned

in one program (#1 through #8).

N etk Sl A L
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9,2 THE FILEREAD STATEMENT,

10 FILES 3’ 5/2’ "IJAR!", ":MARI("/S

20 FILEREAD #0, A, B, C} =

30 FILEREAD #2, D, E, F
40 FILEREAD #3, G§, H$, K

The FILEREAD statement on line 20 ocauses data
to be read from the designated file and sequentially
assigned to each veriable in the list, Both numeric
and alphanumeric data may be read in the same FILEREAD

]
statement,

The FILEREAD statement on line 20 above willl cause
two numeric values and & llteral string to be read from
the paper tape flle and assigned to the variables
A, B, and C§ respectively,

The FILEREAD statement on line 30 will cause the
first three values from file #2 to be read and assigned
to the variables D, E, and F respectively, The FILES
atatemeht indloates that file #2 1s the second file on
ocagsette tape number 5,

The FILEREAD statement on llne 40 will cause the
firset three values from file #3 to be read and assigned
to the variables G§, H§, and K respectively, The first
two of these value§~w111-be llteral strings and the
third will be numeric. The FILES statemenﬁ indicates
that file #3 1s the file on the disk which 1s catalogued
as '"MARY,"

If a file 1s exhausted before all variables in

the llst are satlsfled, the remaining variables are ignored,
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10 DIM A{12), B(5,5)s C(10,6), D§(20)

025,

20 FILES 6, "JOE"
30 MAT FILEREAD #0, A
40 MAT FILEREAD #2, B

50 MAT FILEREAD #1, C(3,3), D§(5)

Thb.MKT FILEREAD statement 18 used when the values
being réad from the files are matrices, either numerio
or alphanumeric, _
| Eaoh file elem;ﬁt in each array will be assigned
a value'from the file, row by row, _

If optional dimensions appear in the liat following the:
variable name, the array will automatiocally be ro@imen-‘

sloned to the new dimensions,

The difference in meaning of 0(3;4) ocontained ina

FII.EREAD at_.at’.ement a.nd.l“'the meaning of 0(3,4) contained -
in a MAT PILEREAD statement should be clearly understood,:
100 FILEREAD #0, C(3,4) | |

110 MAT FILEREAD #0, C(3,4) - o o

The FILEREAD statément on 1line number 100 will
oause‘pne mmber to be read from the,pgpef tape file
and ssgigned to the variable C(3,4),
The MAT FILEREAD stabément on 1line 110 will csuse matrix
C to be~r3dimenaioné& and‘will cause 12 mmbers to be

read from the paper tape file and assigned to the 12

positions in matrix C.
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9.4 THE PILEWRITE STATEMENT,

100 FILEWRITE #0, A, B(3,3)

110 FILEWRITE #4, C$, "ABC3F", D

120 FILEWRITE #3, B(1,3), "ANSWER", SQR(1.133)

The FILEWRITE statement causes the numeric or
alphanumeric charcater strings to be aequentially
written onto the file indicated, _

Thﬂ file element may be any legal numerio variable,
alphanameric variable, numeric array eiﬁment, alpha-

mmeric arrey element, alphanumerioc literal, or nmumeric .-

axpression,

Alphanumerio variables will be written 1dent10ally

to the charaoter string data they oontain, exoept that -
quotation marks uil% be inserted immedlgtely before and
fafter the string,

An output file oan be written and reread ln the
‘same progrem, but 1t must be first terminated by a
FILEEND statement aftsr 1t 1s written and before it 1s
read, Sae section 9,7. |
" After all the data on a file 1s resd, subsequent
FILEREAD operations ror that file will be 1snored The

flle w111 have an enﬂ of file status, whioh can be tested
by an IF ENDnatatemqp§v<‘See section 9.6,
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200 MAT FILEWRITE #0, A, B§
210 MAT PILEWRITE #3, C

The MAT FILEWRITE statement ocauses the values of
_the specified numeric. or alphanumeric arrays to be
written on the file indicated without referensing each
member individually, Only the array name need be indlcated,
Each hrray is Qritten row by row with values
sep#mtod by commas.

Alphanumerlo values are wrlttan as oharaotor
atrinsa»encloaed by quotation marks,

9,6 THE IF END STA
100 PILEREAD #2, A, B, C
140 IF END #2 THEN 150
200 MAT FILEREAD #0, E
210 IF END #0 THEN 270

PRI ¢ r T RN S

Ths IP END statement ia used to test for end of file
oonﬂitidn following FILEREAD and MAT FILEREAD statements,
Ir and'or file oondition exists, the system will transfer

to the speoified st&tamant number., | o e

A file has an and of file oondition when all the | |

data un the file has been read,
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9.7 THE FILEEND STATEMENT; . e
200 FILEEND #0 |
300 FILEEND #3
The FILEEND statement 18 used to oclose or termminate
an output file that haa just been written and must be
reread in the same program, It 18 aleo used to bypass

the remainder of an input file,

The FILEEND statement causes tha following actlon

to ococur:

Output papser tape - an end of file is punched
followed by 50 blank frames,
Output casetie tape - An end of file sequenve is
| written and the tape rewound

wr‘ ' S and positioned at the atart

| o | | of that file, . |

oufput disk - An end of file 1s written and the file
18 redefined as an input file, The
file pointer 18 reset to the first
Tile element,

Input paper tape,. : .
" ocasette, or dlsk - The remainder of the file e

is read and ignored until

an end of file is encountered.




9.,8 gﬁ ' mg STATEMENT

~ file catalogued as "JOE" to be renamed "FILE-A", The

9.9

by quotation marks, - 1

_ statement, the FILEMOD statement will cause the file .

2295.

10 FILES 2, "JOE", "FILE-K"

160 FILEMOD #2, "FILE-A"

170 FILEMOD #3, SCRATCH | s
The FILEMOD statement 1s used to rensme a flle | ' 3

oatalogued on disk, Thé new name is enolosed in

Ifltha word SCRATCH appears at the end of the 'é

to ‘be permenenily removed from the dlsk,

The statement on line number 160 will cause the

statement on 1line number 170 will cause the flle
oataloguéd~ae "FILE-K" to be permanently removed from

the disk,

_FILESAVE STATEMENT,

200 FILESAVE #2
FTtISAVE is used when an output file just written

13 to be permanently saved,

Paper tapo - An end of tile and 50 blank framea are punched,

Casette- tapc An end of file 18 written and the tape
rumaine poaltionag‘where 1t 18, Another file may
subsequently be ifitteno

Disk - The file is oatalogued and stored on disk,
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. 9,10 CHAIN AND CHAINR STATEMENTS,

200 GHAIN :

200 CHAIN R :

200 CHAIN 3

200 GHAIN "KEEPIT" :
The CHAIN and CHAINR statements permit segmented ;

jobs to be run sutomatlcally without normal intervention,

SRR

The CHAIN statement produces an automatic ocombination of

8ToP
STARP ‘g
LOAD

The CHAINR statement produces the eame effeot
except RESTART 1s substituted for START.
If nothing follows CHAIN or CHAINR, the loading

SRS SR PRI
SR 1 SN WA R SN

will be dons from the telstype paper tape reader,
If a number from 1 through 16 follows the CHAIN

or CHAINR, loading will be from the casette whose mumber
“1s 1ndioated.

B e

Ll _If a name in quotetion marks follows CHAIN or o
A CHAINR, the loading will be from the diek filse, . ' @

L

R
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9,41 IMMEDIATE EXECUTION MODE,
| MAT FILEREAD and MAT FILEWRITE may bot be used in

2k

BN

immediate executlion mode,

File operations are not legel in immediate execution

PR TP WERK B

mode,
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. 9612 §§§§§z ﬂg PAPER TAEEE OFF-LINE,

Sinoe files are in alphanumeric: foma.t., paper tape
files can also be senernted off-line on a teletype in |
- the following manner: |
Key in each variable followed by &

A CR/LF/RUBOUT/RUBOUT
An end of file is designated by an
- X-OFF /CR/LF
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