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FOREWORD

.

The purpose of this hook is to serve as a guide for those secondary school teachers incorporating the use of a compnter
in algebra, trigonometry, advanced mathematics, chemistry, or physics classes. While experimenting with the learning
of programming, teachers in the ESEA Title [I1 Project, Problem Solving-Computer Style, revised these outlines. De-
tailed notes, including many cxamples and teacher-made exercises, were distributed to the students in lieu of a text.
The programs included here could serve as demonstrations or assignments. Selected to aid the learning of particular
programming techniques and basic scientific or mathematical principles, these methods represent some possible — but
not neccssarily most efficient — solutions to given problems.

The language used to program these problems, FGRTRAN 1V for the IBM 1130, can be eusily translated into a lan-
guage suitable for other computers. In the early stages of programmii.g, with the basic arithmetic statements of the
FORTRAN language learned, a minimum of input and »utput instruc’ion is given for two reasons: 1) to facilitate stu-
dent imitation, and 2) to insure early operation of the student’s first »vogram. Having the student run his first program -
early and efficiently in the course provides motivaticn to pursue v re difficult problems, «.ften on the student’s own
initiative.

Arranging the material so that it both increases gradually in programming difficulty and 1emuins consistent with the
subject matter being learned as the computer-oriented ciscipline is often quite difficult. Some techniques must be pre-
scnted with the least possible detail; complete coverage of these techniques must be deferred :intil sufficient knowledge
can be gained in the regular course work. Most students are eager to experiment with each new technique as it is pre-
sented, and many seek out applications from. topics currently being learned or those previously mastered. The more
adventurous student tries to learn new topics on his own.

Since there are few textbooks on programming available at the secondary level, anil sincs the manuals provided by
the manufacturer are more suitable as reference books for those already knowledgesie in programming, the teacher
must develop his own lectures and notes, particularly for the early stages of instruction. With the foundation estab-
lished, the student should be capable of comprehending the numerous texts and manual:. available for use at the college
or the professional levcl. 1f computer time is made available to the capable, interestec student, then only encourage-
ment is needed to insure rapid progress.

Perhaps this book of outlines and illustrative problems will be helpful to teachers who are seeking a way to enrich
their courses to prepare students for the **computer revolution™.
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EXPANDED TEACHING GUIDE

Fortran Language Unit I

WHAT IS FORTRAN?

FORTRAN is a symbolic language, similar in many ways to regular algebra, which is particularly adapted to
the programming of scientific and mathematical problems. Macue up of 22 different tvpes of statements, FOR-
TRAN was first designed by IBM and some of its customers for the IBM 704. for solution of engineering and
scientific problems. The name FORTRAN is from FORmula TRA Nslation

- BASIC ARITHMETIC OPERATIONS

1. Arithmetic And FORTRAN Symbols

Arithmetic Fortran

Addition + +

Subtraction - - \

Multiplication X . ° (asterisk)

Division - / (slash)

Exponentiation X* °°

(small number elevated to right) &
2. Order Of Operations

a. Exponentiation is performed first.

b.  Multiplication or division is done next moving from left to right.

c. Addition or subtraction is.done last also moving from left to right.

d. All operations at each level of " hierarchy”™ must be completed befare going on to the next level.

3. Use Of Parentheses
a. Computing begins within the innermost pair of parentheses when sets are contained within one
. another. )

b. All parenthesized expressions must be completely executed before other operations are executed.

c.  Within each pair of parentheses the usual rules of hierarchy of operations still apply.

d. The result of operations within the parentheses becomes the quantity used in the overall expression.

4. Constants .

4. Numbers which are used to spzcify known quantities in mathematical expressions are called constants.
Their values do not change through the problem.

b. Those constants which contam a decimal point are in the real mode. Real constants may be greater
than 10, but less than 107 | and seven digits are significant. They may be written in the normal
decimal notatlon or in exponentlal form, which will be discussed in detail later.

c.  Constants which do not contain a decimal point are in the integer mode. An integer constant musi lie
between -32,767 and 432,767

5. Variables
a. Variables are symbols which represent quantities whose values are specified elsew here in the program.
b. A variable name is used in the FORTRAN expression.

(1) Names may have 1 to 3 alphabetic or numeric characters.

(2) The first character must be alphabetic and is significant to the mode of the variable.
(3) Noimbedded blanks are permitted.

(4) No operation signs are permitted.

(5) All letters must be capitals.
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6. Arithmetic Modes
a. The mode of an arithmetic expression is determined by the constants and variubles in the expression.
© (1) Real mode’
(«) Constants contain decimal points.
{h)  Variable names begin with a letter other than 1. ], K, 1. M, or N,
{2) Integer mode
(a) Constants contain no decimal points,
{b) Variable names begin with 1 J. K, L, M, or N,
b, If variables and constants are not of the same mode, a mixed-mode expression results.

-

7. FORTRAN LExpressions

Any single constant or variable, or any combination of constants, variables, und operation signs s
known as a FORTRAN expression. All quantities in an expression should be of the same mode, The
exception to this is that the mode of an exponent need not necessarily agree with the renainder of the

arithmetic expressjon. .

FORTRAN ARITHMETIC STATEMENTS

I. A FORTRAN arithmetic statement is made up of a variable name. followed by the equal sign and then fol-
lowed by a FORTRAN expression. -

The execution of an arithmetic statenent is as follows; the expression on the right of the = sign is comput-
ed according to the rules of hierarchy and the result is assigned to the variable whose name appeurs on the
left of the equal sign.

o

SIMPLE INPUT/OUTPUT STATEMENTS WITH FORMAT

1. Input statements begin with the word READ followed by an open parenthesis, 2 numerals separated by a
comma, a closed parenthesis, and a list of variable names separated by commas. The first numeral within
the parentheses is the code number for the input device to he used, the second is the number of an asso-
ciated statement called a FORMAT, which describes the form in which the data will be arranged on the
input device. 2 is the code for the card or card reader and 6 is the code for data to be entered on the console
keyboard.

READ (2,4) ALT, BASE

[

Output statements have almost the same form as input statements exeept that the opening word is WRITE
and the code numbers are [ for the console typewriter and 3 for the printer.
WRITE (3,8) ALT, BASE, AREA

3. Format statements consist of a statcment number, punched in columns 1 through 5, the word FORMAT,
2n open parenthesis, format codes, a closed parenthesis. A FORMAT defines the lavout of data on a card,
or a printed line. »

a. 4 FORMAT (2F8.2)

(1) The FORMAT statement above, associated with the READ statement illustrated in Section DI
causes two real numbers (F code), each punched in 8 card columns and each having two decimal
places to be read into memory, The first number will be stored as ALT and the second as BASE.
CODES

F Real Numbers

I Integers

E  Exponentials

A Alphanur-eric Characters

H Alphanumeric Characters (literal translation)
X Blanks _

b. 8 FORMAT (2%, 'ALTITUDE = " F8.2,5X, BASE =" F8.25X, 'AREA = ",F8.2)
This FORMAT is associated with the WRITE staternent illustrated above.

- 2X — allows 2 spaces to be skipped, one for carriage control and one for neatness.
'ALTITUDE = ' — everything within the apostrophes is copied by the computer.

@



k.

H.

F5.2 — allows space for the value of the altitude to be printed. Sis the field width. .2 specifies 2 deci-

mal places to be printed.
53X — allows spacing for neatness.

STOP STATEMENT

The STOP statement consists of endv the word STOP.

S}

ning of the progrum.
END STATEMENT

The word END is the complete statemient. 1t must be the final step of every program.

o

The EN D statement does nothing but tell the computer during the trauslation stage that the

This statemnent brings the computer to o halt and it may not be restarted without returning to the begin-

program that

it has been receiving is complete. Every FORTRAN program must have END as its last statement.

CALL EXIT

I. The word CALL is the standard word in use for using 0« FORTRAN subroutine. EXET is the name of asub-
routine supplied by the manufacturcr.
2. CALL EXFTI may be used instead of the STOP statement to stop the execution of a program.

FIRST FORTRAN PROGRAM FOR SOLUTION OF A MATHEMATICAL FORMULA.

1. -Coding S_h'ect

e oAVIRO T ';t'_:'_ﬁ{ ) l -
______mnu DQE,_.JR.“,__,_\ kN - N
D T T;L.uN,M}?MTm'“" T o
L L READ] (2, 4DALT ®ASE L IS U N
o4l JFoaMAT _(2F8. 20 1. | L [T AR I B
N JAREA = L/ 2. kAlLTEBASE | O ol
Ll WRLTE. (3, 8)ALT, BASE], AREA] .. .| . S IO S N T
Bl FoRMAT (2K, aLTiTupe < S, 2,050, "BASE ', F6.2,5X,' AREA Fla. 2)
L ddeA L E X AT I EUO o U R A
e JJEND | ] SR DR S ST R AE D
2. Data Card
.00 3.00 -
!
‘% T FCOCRTRAN STATEMENT IDENTIFICATION
U UUI]UUU“ﬂDUUUGUUUPUUUBUGUBE}DUUUUUL\Ul]UUU(}DUDBQBUUDUGGGU{J00000000000009080
[ B 91011121314 15 16 17 18 19 20 21 222324 25 26 27 2829 30 3132 33 34 35 35 37 3839 40 41 42 43 44 45 45 47 4649 50 57 5253 54 5556 57 58 59 60 61 62 63 64 656567 68 69 70 71 32 73 74 15 76 77 78 79 60)
ﬂ11111 IRRRRERERRRRARR R R R AR R R R R R RN R R R R R R R SRR RN R R R R RRRERRRERRRRREIIRERREER
i
2222W021272222222222222222222222222222222222722222222222222222222222222222(22222222
3:3333.3333333.33333333333333333333333333333'3331333333333333333333333333333333333
i
4:4444444444444444444444444444444444444444444444444444446444444444444444444444444
55555(5(555555855565555555555555555555555555555555555555555655555555555555(55555555
) . .
BIEEEBGESEEEEBBBEEEEBEEEEEEBSEEEEEEEEEESE686888BBESEGEEEEEGGBEEEGEEEBEESBEEBGEEEG
]
1 7'77777777777777777777777777177777777777777717777777777772‘77777777777177777777771
]: lC l8888888'8888888888858688888888588888888888B8888888888888888888885885888888
99999999 999989 599999999999999999999999999959999999999999399“99999399999999999
|l|2 I 45|67 8 !I 1"nne 1516 0/ 1 19202, 2223242526 272823 U 3132334 1536357333540 41 52,35 4546 47 484855 51 525354 5556 57 55 R060 61 S7 RIGA A5 66 6T 6B 65 10 7§ 72{7T M 15 (5 1T 13738
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DAT.i CARDS

I

\g,reement wirh FORMATS

It is a good practice to have the card punched with data and fhe FORMAT describing the data agree. The

following are examples of data cards and a;zrecing FORMAT 5

a1 FURMAT (F7.2)

~234.

o FOR

COMMENT
ATE
NUMBER

FCRTRAN STATEMENT

IDENTIFICATION

t
9,9
142

00000
2345
IHERN
1
2!222
13838
t
Q44B4
55555
[}
815666
|
IRERE
f
spssl
999
345

00

1

o

0000

314 1516

1111

<

0oooo

3192002

2
111

0

]

— o [ COITIRUATION
—_— -
- O

—_— o o
—-"5

000
01 BUB
II 11

AERE R R R R R R RN R R AR R R R R R RE|
222222272222222222222222222222222222222222222221:.2222222222222222
3]13333333333333333333333333333333333333333333333333333332333333333333

4l444484444440444408480440444440444084844044084084444444404084084444408¢8520844

555555555555555555555555555555555555555555555555555555555555555555
6“66666666658666BBB666666666666666GE5666666666666666666666666666866
M11111711177117711 1111111111111 1111110111111 11111111107

8ls8s88c888888888888838888880888880888888883888088888388688888868888888

FCRTRAN STATEMENT

oo0ooooo000O0O0ODODOOGOODO0D0000D0000)0GO000000000000060

2627282930 313233 34 3536 37 38 39 40 4142 4344 4546 47 484950 51 5253 & .5 56 57 58 5960 6162 63 64 65 66 6764 6970 1N 77

00000000
MIATST6 T 7879 801
SEEREEE
22222222
33333333
40444444
55555555
66666666
171111111
88888888

99399899

T34 Y576 77 1879 8¢

IDENTIFICATION

Mm

4l
58
1
616
1
i

9,9
12
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111

1
qzzzl
1033

]
44

955
686

111

1
ap!ss

999
3145

0coB0CO00000000000000000000000000000000C0000000000000000000000000

910 1112 13 14 1516 17 18 19 20 21 2223 24 25 26 27 28 2330 31 32 33 34 35 36 37 38 39 40 41 &2 4344 45 46 47 454950 51 52 53 54 5556 57 56 5960 61 62 6384 656667646970 11 72

0
IRERR R R R R R R R R R R R R R AR AR AR R R R R R R AR RERRRER
2222222222222222227222222222222222222222222222222222222222222222122

- o | CONTINUATION

00
18
11

~D

330333338333333333333333333333333333333333335333333333333333333333

484444844484400848444844804A4484444044444404444440444444444408423444400044¢
6l666686666666666666666666666666666666666666666666666666666666666666
1

1 ERR R R AR R R A R R R R R R R R R R R R R R R A R R R A R R R R R R R R R R R R R R R R R R R R R R R RN
ssBosssBMsas0588338888886588838883288838888888888888838888888888838
999999998939

T8 810NIZIBUIIE
1BMRBAILT

M4 TSTE T 1879 80

55585555559555555555555555555555555556555555555555555555555555555555

M T 08

0000000 0]
RERRERR
22222222
33333333
404444844
5555555
66666666
17111711
88888888
999998989

2




3 FORMAT (F10.4,F12.6)

C.

1.453021
B

FORTRAN STATEMENT

tDENTIFICATION

12345

HEAR
i

22222
313333
|

Q4444

5555;

M1

§
7
I
IERR]
9,99939
12345

t
S‘Iﬁ %]

9
5

ORTINUAT!

A

0000000000000B00006000000000000000000000000000000000000000000000000

RRARREL RRRRRRY ARERRERRRRRRRRRRRRR AR R R R R R R R R ERR R R R RRRRRRRRRRRER
282222222222228222222222222722222222222222222222222222222222222222
33'333333‘33'33333333333333333333333333333333333333333333333333333
4aaBaaaaaaBaa0a4000a004444d400444044044444440484644444404064404080080844
55555555555'555555555555555555555555555555555555555555555555555555
66666666666666666666666666656666666666666666666665666666666665666606
1717101112011 0013111111111 11 111111111111 111111111111 11
8888&8888'88888888888888888888888888888888888888888888888888888888
9

]

9999
18910
HTLLEILY

d. 4 FORMAT (2I4,F73.16)

4 6.222 11234

FOETRAN STATEMENT

78 91018121304 1516 3718192021 2223242526 27282930 31323334 353537382940 41424344 4548 47 484950 51 525354 555657 S8 5960 61626264 656667686970 71 22

googoaoog
MUTITETI AT AY
IRERRREE
222222122
33333333
44444444
55555555
66666666
7777777]
88838888

99

5

9

n

9999
MUTSIET 9

IDENTIFICATION

)

0700000
Hzansh
IHARR!

t
42!222
23383

]
4#444

3
5555 5(5
|
86 6 6 6[6
|
(HRREIL

<0

O
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4?!444444444444'444444444444444444444444444444444444444444444444444

000000000000000000000000000000000000000000000000000000000000000003
TS IWNNWYKISIEITI8192021222224252627282330 313232343536 37383340 41424244 4546 AT 48495053 525354555657 34588061 6263646568667885657071 127
RRRRRRRRRL | ERRRRRRRREERRRERERRERRRERRRRRERERRERRRRRRRREREERRERRRE
222222080822282222222222222222222222222222222222222222222222%222222

3333353333333'3333333333333333333333333333333333333333333333333333

555555555555555555565555555555555555555555555555955555555555555555
666656866665556566666566é66666666686668666666666666556666665666566
1111111011111 INIITTITNININNIII N1t g
88888@58888888058883588888038883688388883888388388868858838838868888838

99999999999999999999999999999399989989999899999999999999999999989¢§

00060800
MU TS IS T T8 79 804
IRRRRRRE
22222222
33333333
44444444
555558855
66666666
1M
388888

99999999

T AIONNBUIBETEYNN
1M ARAINT

2223242526 27202930 31 323334 3536 37333340 $1 42 4344 454G 4T 43405051 5253 54 55 58 57 5h 5960 K152 A3 64 RS 6867686910 11 72

9
5
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2. Datu cards are placed behind the rest of the program after the ;/ XEQ.
3. A blunk card must be placed after the data cards.

J. CONTROL C: XRDS
1. Monitor Control Cazds
The u)mputer disk is loaded with a Supervisar or Monitor, which is a program to coordinate the operations

of a compu‘ing system. The Supervisor controls the transition from job to job. The Monitor Control Cards
necded at this time are:

// JOB Start a new job
// FOR Start a compilation (translation

from FORTRAN to machine language)
/! XEQ ® l.oad and execute program

FORTRAN Control Cards
These cards may be placed in any sequence after the // FOR. FORTRAN control cards needed at thls
time are: o

°l()(IS (CARD,DISK, 1132 PRINTER, TYPEWRITER, KEYROARD)

Ideatifics all logical 1,0 devices to be

used during execution of the program .
*LIST SOURCE PROGRAM List all program curds
°°JOHN DOEF JR. Fer program identification: will

peint on top of every page

IBM m“TMAN- Codiny Furm
~’--~~CONTrao,L_C_ﬁeos e e S

e e i e e,

. r""'“‘""'] S

¢

’*1 ,l'OC"S,(CAQ«D DI S%K,I 13

%.-L.L.S H Soike € Fdceri O SR
| g et e e .

s onNl DoEl SR ]

720 (=~ R R

L ] ! |

15 RO O B
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AFTER
-END/
STATEMENT

DATA  CAEDS

FOCRTRAN STATEMENT

PROGRAM

SOURCE PROGRAM

IDENTIFICATION

|

5’ LG w

] - N u FCRTRAN STATEMENT
DISK» 1132PRINTER» TYPEWRITER KEYBIARDY
al 1 ]

‘1 !!’l M 1 LI B |

P

b~

© ]

I IDENTIFICATION

FOR "R, N STA EMINT IDENTIFICATION
| 77
e
FORTRAN STATEMENT ymwmmu n
- To00] 222
MW
| 1 133
FORTRAN STATEMENT IDEXTIF ICATION 220l 44
; 00000000000000000000000000000000000000000000000000000000000000[000006000 555
‘Il'Z NRBHBBNIN0N23052787 202930 N2 1IN 0414243484548 47 40435051 52534555857 309G CISICIMES QAT RASIO I P MU TS I8 77 o 10 0O 333
H T i s e i i a4 s
]
22222(11222222222222222222222222222222222222222222222222222222222222222222122221122 sss| 177
23333)3(3333333237323333333233233333333333333333333333373333233332233333333(33333332 sesl 898
] Ae
HAA0HI0AaAN00000000008880000000000KNIIEIIIGENNEAIIINNIGILALLIRNNRaRatItEaitedty ] 90g
7813 0
555 55/5/555555555555555555555555555555555555555555555556555555555555555555/55555655 . [
]
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// JOB
LOG DRIVE CART SPEC CART AVAIL PHY DRIVE
0000 0002 0002 0000
// FOR
210 C? CARD.DI§K91132PRINTERo TYPEWRITERSKEYBOARD)
T AD 34k ) ALT RBASE
s BERBARIZLELE:
AREA=1s/2+*ALTH*#BASE
WRITE(398)ALT+BASE »AREA
8 FORMAT(2Z2Xs'ALTITUDE 31 3F8¢295X9s'BASE ='9FB8e295X9s'AREA ='9F842)
CALL EXIT .
END
FEATURES SUPPORTED
I10CsS
CORE REQUIREMENTS FOR
COM 0 VARIABLES 6 PROGRAM 86
END OF COMPILATION
// XEQ

ALTITUDE = 2400 BASE = 500 AREA = 5400
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FORTRAN LANGUAGE
Unit 11

STATEMENT NUMBERS

1. Statement numbers are assigned to FORTRAN statements by the programmer.,

!\')

They are used to serve as an identification when the statement is referred to by another statement in the
program.

3. They are placed to the left of 1 ae statement in columns I through 3.

4. Restrictions
a.  Notwo statements may have the samc statement number.
b. The number may not exceed 5 digits.

GO TO STATEMENT

1. The GO TO statement is used to change the sequential order of execution of program steps. It is one of the
FORTRAN control statements and is sometimes called an unconditional branch.

2. This statement consists of the words GO TO followed by a statement number, for example:

GO TO 30
3. The statement following any GO TO statement must be numbered.
COMMENT STATEMENTS

I. Comment statements allow the programmer to insert comments or directions. These will not appear in the
output unless a special control card is used. A well documented program will use many such statements.

2. Cis placed in column I of the FORTRAN statement card. The comment may be entered in any manner on
the balance of the card.

SAMPLE CONTINUOUS LOOP PROGRAM

C THIS IS PROGRAM TO FIND THE AREA OF A CIRCLE WHEN THE RADIUS 1S
C ENTERED ON A CARD. :
30 READ (2,1) RAD
1 FORMAT (F8.2)
AREA= 3.14°RAD°°2
WRITE(3,2) RAD,AREA
2 FORMAT(2X, RADIUS =",F8.2,5X,’AREA =",F8.2)
GO TO 30 ‘
50 CALL EXIT
END

-
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E. IF STATEMENT

o

IF statements are used to cause the computer to branch to one uf three possible statements. depending on
the value of a FORTRAN expression. This is known as a “"decision.”

The form of the IF statément is the word IF, followed by a pair of parentheses containing a FORTRAN
expression, followed by exactly 3 statement numbers separated by commas.
IF (X-Y) 60,20.40

Execution — The expression within the parentheses is evaluated. 1f the value is negative the next state-
ment to be executed would be statement 60, if the value is zero, stdtemcnt 20 will be executed next, and if
the value is positive, statement 40 will be executed next.

F.  BASIC FLOWCHARTING SYMBOLS

1.

2,

3.

ERIC

Aruitoxt provided by Eic:

-

terminal (start or end)

7.0 < N) N:l,z..o.
Kii connectox '

processing

outpgt 8 ¢ —— t l
flow direction

90 @ N:l,zooo
input )

offpage connector

subroutine

decision
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H. INTRODUCTION TO FLOWCHARTING

1. Afowchart is defined as a graphic representation of u sequence of instructions to accomplish @ given task.

2. Used as a basic step o problem solving. flowcharting becomes essential as the difficulty of the problem
presented increases. :
3. Flowcharting a Non-Mathematical Problen:

a.  Problem — Go to the 3rd tloor of a building from the lobby, nsing an elevator.,

b, Step by Step Solution
(1) Walk w elevator.
(2) s caratvourleve
(3) Ifyes:
{a) Entercar.
(b) Push button marked 3.
(¢} Wait for car tostop at 3.

1?

¢. Flowcharted Solution
(d)  Wait fer door to open.
(e) Leave clevator.
(4) 1 no:
(a) Press down button.
(b} Wait one minute for car.
{c) Gotostep2.

‘ Start )

Walk to
Elevator
Press
Egter , €S Dg:;? no ..l "Down"
ar ‘ Button
Wait One
Push .
Button . Mingte for
Marked 3 ac
\
Wait For
Door to
Open
Elevator .

ERIC

18



O

ERIC

PO A i Tox: Providod by ERIC

4. Flowcharting a Mathematical Problem

a.

b.

C.

Problem —

(1) Read the 3 coefficients of a quadratic equation from each card.
(2) Determine the nature of the roots of each equation.

(3) Print out an answer.

Step by Step Solution

(1) Read coefficients.

(2) Compute the dwseriminant, b” - dac.
(3) Isthe discriminant,- 0,0or 4°?

(4) If negative, write, " Roots are complex™.
(5) Is this the last problem?

(a) Hyes, end program.
(b) H no, read another card.
(6) I positive, write, *" Roots are real and unequal .
(7, Guinstep5.
(3) 1 zero, write, " Roots are real and equal™.
(9) Gotostep 3.
Flowcharted Solution

( Start >

Read
a.b,c

f

3

W



ISCR=
b“ - 4ac

Write Write Write
Roots Roots Are Roots Are
Are Real And Real An

Comple = #

no !21

20
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A.

FORTRAN LANGUAGE
Unit 11

COUNTERS
1. Counters are used to cause a program or a part of a program to repeat itself a designated number of times.

o

or to produce an output which records the number of items which have been processed.

Several statements are required to construct a counter.
4. The value of an integer is initialized at the beginning of a program.
N=I
b After the FORTRAN statements which solve the problem have been completed, the counter is in-
creased by
N=N+1
c¢.  The current value of N is tested against its limit: if it reaches its limit, the program progresses to a new
set of procedures.
IF (N-100)5,53,10

B. A PROBLEM WITH A COUNTER

O

ERIC

Aruitoxt provided by Eic:

Problem: Find the sum of the odd integers from 1 to 99.

Solutic n: .
a. Decide on variable names.

(1) ISUM - sum of the integers ( seare )
(2) NUM - numbers to be added

b.  Flowchart thie problem.

ISUM = 0

ISUM
ISUM +

NUM = 4
NUM ¢ 2

Write
IsuM

End
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Aruitoxt provided by Eic:

«{STATEME]
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¢. Printout

—PAGE T m— - -
// JoB
LOG DRIVE CART SPEC  CART AVAIL PHY DRIVE
0000 o001l 0001 0000
4/ FOR
>EWRITERSKEYBOARD) oo
# LIST SOURCE PROGRAM
CTHIS PROGRAM WILL FIND THE SUM OF THE ODD INIEGERS FROM 1 10 99.
A ag !
NUM= 1
5 _1SUM=ISUM+NUM
e T NUME NUME 2
1F (NUM=95)515+10

10 WRITE(3e20)ISUM

20 FORMAT(2Xs 'THE SUM OF THE ODD INTEGERS FRUM 1 10U 69 1S Iey
_GALL EXIT’ 110799 1§75 16)

FEATURES SUPPORTED

COMM%%QULREM%Nlexg?ﬁBLES 4 PROGRAM 94

- END-OF--COMPHLATION- -
/7 XEQ |

THE SUM OF THE ODD INTEGERS FROM 1 TO 99 Is 2500

C. COLUMN HEADINGS

1. Instead of identifying each term in a set of answers. it may be convenient to list answers under one set of
column headings.

2. Procedure
a. The WRITE statement, without a variable list is used.
WRITE(3,24)
b. The FORMAT statement used in combination with the WRITE contains the headings. Care must be
taken to allow for spacing between headings so thdt columns will be neatly spaced and headings either
centered above or rl;_,ht adjusted. :

24 FORMAT(2X,"RADIUS’,5X,’AREA")
D. DO STATEMENTS

I.  The DO statement is a single statement which combines the 2 operations which control a loop, the counter
and the IF.

2. The statement consists of the word DO, a statement number, and an index definition.
DO 20 I=n,,ny.n;

3. The index definition consists of a non-subscripted integer variable, an equal sign, and 2 or 3 iuteger quanti-
ties (constant or variable), separated by commas. The first integer is the lower limit of the loop, the second
is the upper limit, and the third is an optional increment. If the increment is not specified, it is assumed to
be 1.
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ERIC

Aruitoxt provided by Eic:

4. Execution

a.  The computer sets the index variable equal to the lower limit.

b, Allstatements up to and including the statement number in the DO statement itself are executed.

¢.  Theindex variable is increased by the increment, or by 1. if no increment is specified.

d. The current value of the index is checked against the upper limit. When the index reaches its greatest
possible value without exceeding the upper limit, drop out of the loop,

¢.  Flowchart of a DO loop.

Steps
of
Program

I=n

-
\

3

Perform
Some
Arithmetic

Operation

- no
I..nli-n3 -—

ncrement index
variable

E. CONTINUE STATEMENT

1.

2.

t
¢

Compare index
variable with
upper limit

Initialize index variable

Continue
in the
Program

es

This statement provides the DO statement with a reference number in a loop which might otherwise end

with a control statement, e.g. IFor GO T

It consists of only the word CONTINUE.

F. A PROBLEM USING A DO-LOOP

L

2.

0.

Problem — Find the squares, squure-roots, cubes, and cube-roots of the integers from 1 to 100.

Flowchart

28



( Start )

I
¥

Write
Column
Heading

REALN=

CUBE=REALN

ROOT3=z
REALN **(1/3)

Write

sQ, ROOT2

N

a%

SQ=REALN
REALN

ROOTZ2=
REALN *%,5

3. Coding Form

Is

; CUBE
ROOT3

1

N=100

no

N=N¢1

FORTRAN Coding Form

End

IBM

,_L%.._

FORTRAN STATEMENY

PRAG

RAM W,

.1 FTORMAT (2X

_LREAL

$..0F.
JWRITIE(S, 1

i DO 210 Na

JSQ2REALNY
G UBE|=REAL
RODT|2=REA

3 = REA
E(3, 2
AT(2X

ERI

Aruitoxt provided by Eic:
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A PROBLEM USING A DO-LOOP
SQUARES, SQUARE ROOTS, CUBES, CUBE ROOTS

30

4. Program Cards
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Aruitoxt provided by Eic:

SUBSCRIPTED VARIABLES

1. Subscripts are used to identify one value of a list of values, having the same name. e FORTRAN, a list is
known as an array.

1o

Subscripts are integral constants or variables greater than zero. They are written in parentheses immedi-
ately after the variable name.
AGE(4). DATE(N)

3. Restiictions — when expressions are used only those listed are permissable.
a. Variable plus or minus a constant. ‘

AGE(N4+4)

b. Constant multiplied by a variable.
DATE(2°N)

¢. Constant multiplied by a variable plus or minus a constant.
GRADE(2°N+1)

DIMENSION STATEMENT

I. DIMENSION statements are used to reserve storage space for an array of values. Any program which con-
tains subscripts must also have a DIMENSION statement.

2. The word DIMENSION is followed by a list of variables of any mode separated by commus. Each variable
is followed by a pair of parentheses which contains a number. The number designates the size of the array.
DIMENSION AGE(10),DATE(10),NCODE(10)
3. The statement must be before any exe: - i !¢ statements of the program.

PROBLEM USING SUBSCRIPTS

1. Problem — Read a list of 30 numbers, punched one to a card, and print the list and the sum of these
numbers.

2. Flowchart

yes |\ Write

Sw=0 Su

B

I21

lee

Read
A(D)

!

SUM=
SUM+A (1)
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3. Coding Form

FORTRAN Ceding Forma
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FORTRAN LANGUAGE
Unit IV

A. LIBRARY FUNCTIONS

1. The manufacturer provides a package of programs to solve some of the most often used mathematical
functions, such as roots, logarithms, and trigonometric functions. These are called “library functions.”

2. A name is assigned by the manufacturer to each library function. SQRT is the name for the function which
computes the square-root.

3. The quantity which the computer needs to compute the desired result is called the argument.
a.  Alllibrary functions have one or more arguments.
b.  Arguments may be:
(1) Variables
(2) Constoants
{3)  Legal arithmetic expressions, even those containing parentheses and other functions

4. The function staternent consists of the name of the function followed by a pair of parentheses containing
the argument or arguments.

3. The computer stops executing the main program while it computes the function. When the result is found
the computer returns to the main program with this result, and continues the sequential execution of pro-
gram steps.

6. Standard library for the IBM 1130. (see chart)

LIBRARY FUNCTIONS - IRM 1130

Mode 'Mode
Function of . of
Name Comments Function Argument Example

SIN(A) argument in radians real real Y = SIN(A)

COS(A) argument in radians real real Y = A + COS(2)

TANH(A) argument in radians real real C = TANH(A*Z)
hyperbolic tangent

ATAN(A) real real ANGA = ATAN(TANA)
angle whose tangent is
A; tan~*(4)

SQRT(A) arguvent>@ real real HYPOT = SQRT(A*#*2 4 B**2)

EXP(A) real real POWER = EXP(Y)
exponential-e“‘

ALOG(A) argumeni>@ real real Q = SIN(F) - ALOG(5.0)
natural logarithm log.A

ABS(A) real real AROOT = SQRT(ABS(DISCR))
absolute value

IABS(I) integer integer IPOS = IABS(I)

FLOAT(X) real integer REAL = FLOAT(INUM)

)
El{TCIFD{(A) integer real INT = IFIX(REAL)"®
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B. A FROBLEM USING LIBRARY FUNCTIONS

1. Problem
, Read the 4 coordinates of points A and B from a card. Find the distance between A & B, the slope of line
o AB, the angle that line AB makes with the X-axis, expressed in degrees.
Print in column forin, properly labeled, the given information, and the required solutions.
2. Flowchart

‘ .S’tart > l@

a ANGLE =
\ Write 7 tan'l(slope)

Column
\Heading7
i

Write.Coord
Read Coord. "\ of A&B

of A&B DIST
SLOPE

DIST =

'J(xl-xz)zf(yl-yz)2 L™

: e
SLOFE = 4
yl'yz < Fnd

1%
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Aruitoxt provided by Eic:

3. Coding Form

FORTRAN Coding Farin
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L WRITE (3,1) S e
L 1 FORMAT. (a8x, 'A', 1sx,'B"') | ST N S
b WRITE (3,02) 0 . AU SRS TN N B
L2 .ify) AT (A, XL e, e x, a6, P Y, e X, LENGTR' , 3X, "stloee’ e x, ANl |
1 .10/ READ! (2,.3) AX, AY ,BX,BY . o]
; 3| FORMAT (AfF6.2) o o .
. DT eT|=SQRT.((AX ~BX)*#%2+ (AY{-BY)®x2) . |. . | . . e .
Ll | SLoPE=C(BY-AY)/(BX=AXD> | |
B L ANRAD=ATANCSLOPR) L
L GLIE=ANRAD*180./3.14 | 1 | .
. !RIT£(5,4)AK, Y,BX,BY,DIST,SLO?L,ﬁMCL&
! ,4Arcﬁ.Ar(lx,rs.z,lx,f5.2+3x,re.z,;x,es.z,
Ll 1o Tooae |
‘., 2999 deant] ex v Lo e
L. JEND. . ]
{
L. - - )
; e N .
4. Printout
PAGE 1
// JOB
LOG DRIVE  CART SPEC  CART AVAIL PHY DRIVE
0000 0002 0002 0000
// _FOR L
*E?g?(CésgéglgéééézﬁpRlNTER.TYPEWRITER:KEYBOARD)
* S )
C THIS PROBLEM COMPUTES THE DISTANCE BETWEEN 2 POINTS WHOSE COORDINATES ARE
¢ KNOWNy THE SLOPE OF THE LINE_THROUGH THESE POINTS» AND THE ANGLE THAT THE
¢ LINE MAKES WITH THE X=AXIS, EXPRESSED IN DEGREES. THE ABSOLUTE VALUE OF THE
C COORDINATES 1S LESS THAN 100
WRITE (3s1)
1 FORMAT (8Xs'A's15Xs'8")
WRITE (352) .
2 FOI'?MAT (aX st X 96Xt Yt 3B X gbXg Y yoXs 'LENGTH! 13Xy * SLOPE ! 34X9 'ANG
1LEY)
10 READ (213)AXsAYsBXsBY
3 FORMAT (4F642)
DIST=SQRT ( (AX=BX)##2+(AY=BY)*%2)
SLOPE=(BY=AY)/ (BX=AX
ANRAD=ATAN (SLOPE)
WRITE (anh) AXSAY s AR SBY sDI ST » SLOPE s ANGLE
4 ESRMAT(Ex.Fe:Z.ix.és.ﬁ.3x.%e.2.1R-Fs.z.3x.F6.2.3x.Fe.2.3x.Fs.2)
TO_10
999 CALL EXIT
END
UNREFERENCED STATEMENTS
99¢
FEATURES SUPPORTED
10Cs
CORE REQUIREMENTS FOR
CONMMON G VARIABLES 20 PROGRAM 176
END OF COMPILATION
/7 XEQ
A 8
X Y X Y LENGTH  SLOPE NGLE
-3.,00 =4400 3400 4400 10400 1¢33 53415
2500 0400 =5400 7400 8460 =1440 54648
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ARITHMETIC STATEMENT FUNCTIONS

Mo

When no library function is available and the same process will be used several times within a program, an
arithmetic statement function inay be used.

The statement consists of: the function name, selected by the programmer, with its arguments. followed
by an equal sign, and followed by the FORTRAN arithmetic expression, which defines the desired fune-
tional relationship.

ANDEG (RAD) = RAD®180./3.1416
This type of statement must be placed bhefore all executable steps of the program.

In the main program write the name of the function and its arguments in any valid arithmetic expression.
The quantities used as arguments in the program will be used to compute the value of the function as pre-
scribed by the function defining statement.

Restrictions

a.  Ouly functional relationships that can be computed in a single expression can be used.

b.  The expression on the right may contain unsubscripted variables, constants, or ot her functions.

¢. The function name contains 1 to 5 alphameric characters, the first a letter significant to the mode of
the expression.

A PROBLEM USING ARITHMETIC STATEMENT FUNCTIONS

1.

Problem: Write a program to find the number of degrees in an angle if either the sine or the cosinc of the
angle is known. Print out the given infG-mation and the number of degrees in the angle.

2. Flowchart

sine:Jl-valz

tanzsine/val
rad=atan{tan)
ang=deg(rad)

csin:/l-val2
tansval/csin
lradwza tan(tan)
fang=deg (rad)




3. Coding Forms

IBM FORTRAN Coding Funine

EF}HIF_RRDQEkA,WGLL”FJND [THE _MumBen OEWDEGRLLS IN'AN AMGLE wnosa [SINE O COSINE

€ IS |KWowN PUNICH A JL IN C.DL}AM‘N...Z CLELTHE, SIMNEL.IS . KNONN,. AND. ‘A 2. I.F You KNo W THE.

el eospwe, Ll |0 T T I S S S

Lt | ee(lrap) fRAva 10 /3l 14asn . ! ; ! L

|1 .100 |READ( 2, 2)NCODEL, VAL, o : ; 1

g2 F.O.R.MAI.(.LZ,F.B..;),._ e

b MmrlﬁLNCODE,ﬂLJS &7 |1 o T P e

bl 8 WRITE(3,.8). . 1. . I g - ' . . j -

Ll 8 lroRmaT (24, ‘Mo lsuch leoBE ) : S i : b ! ’

Ll .60 To 100 A T § 5 '

i ¢ cs 1N ~SQRT(1. -vaLxxi2) 5 : :

L TAN=vaL/eszA Lo L . o S

iwﬁ_nuRADFATAN(TAN),”MmW . B P T O

%  ANG=DEGCRAD) | .| . i : i : .
I WRITIE(3, 9).VAL IANG . i A j i i : .

! 9 FORMAT (2x, 'TF. is1N Ae',F8.5,1x,", THewn ANGL£ A-',FB.2,1X,' ' DecRees’)

{i .. |Bo.Tlo 100 . ; i o : ; :

| 7l i1F (acope-2)6,100,5 . i : :

$ﬂ.ulo $INE-%QAT(1~VA L¥x z)* , [ : el

! ,TAN>51~£/VAL 5 ‘ { ! ‘

t RAD= ATAN(TAM) 1 ; | ‘ '

; {ANG-DEG(RAD) ; ! i ; i

; wmrﬁ SIVAL), AMG : ! ‘

E"W41 FORm Tl)j,_Jf k0° A= ,FB 5 1xwv, THEN AWGL& Aa_rL&.& 4kangg&scs )MH___ma

IBM FORTRAN Coding Form

| U - - ! : -
- I S S S S \
L IE l TGN N S N A T N G 3
%:_ T EI T FORIRAN STATEMENT - :

:b; ‘ _ ‘ : ‘ ‘ A : MEN T N ]
f : GO _ TQ 1aa - ‘

1199 1 [ S

O
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4. Printout

PAGE 1
/7 JOR

LOG DRIVE CART SPEC CART AVAIL PHY DRIVE
9600 0002 0002 0000
// FOR
*#*QCS(CARDsDISKs1132PRINTFRy TYPEWRITFRyKEYBOARD)
#LIST SOURCE PROGRAM
C THIS PROGRAM WILL FIND THE MNUMBER OF DEGREES I[N AN ANGLE WHOSE SINE OR COSINE
E é85§QQWN. PUNCH A 1 IN COLUMN 2 IF THE SINE IS KNOWNs AND A 2 IF YOU KNOW THE
NI e
DEG(RAD)=RAD*1804/3¢14159
100 READ(2s2)NCODE»VAL
2 FORMATI(]I29F845)
IF(NCODE =115961+7
5 WRITFE({34+8)
3 FORMATI(2Xs NG SUCH CONE!')
GO _TO 100
. 6 CSIN =SQRT(le=VAL%%2)
TAN=VAL/CSIN
RAD=ATAN[TAN)
ANG=DEGIRAD)
WRITF{399)1VALsANG
9 FORMAT(2Xs'IF SIN A='9F84551Xs'sy THEN ANGLE A='sF8¢291Xs'DEGREES")
GO 1O 100
7 IFINCODE=2)691045
10 SINE=SQRT(1=VAL*%*2)
TAN=SINE/VAL
RAD=ATAN(TAN)
ANG=DEGIRAD)
WRITE{3s11)VALsANG
11 FORMAT(2Xy ' IF COS A='9FB8e5,1Xs'y THEN ANGLE A='»F84251Xs'DEGREES')
GO TO 100
999 CALL EXIT
END
RENCED STATEMENTS

UNREFERE
999

FEATURES SUPPORTED
10Cs

CORF REQUIREMENTS FOR

COMMO O VARIARLES 18 D2ROGRAM 228
END OF COMPILATION
// XEQ

IF SIN A= 0450000 s THEN ANGLE A= 30400 DEGREES
IF COS A= 0486602 s THEN ANGLE A= 30,00 DEGREES
NO SUCH CODE ,

IF COS A= 0486162 s THEN ANGLE A= 30450 DEGREES
NO SUCH CODE

IF SIN A= 0493358 » THEN ANGLE A=  68.99 DEGREES

E. COMPUTED GO TO

1. The statement consists of the words GO TO followed by an open parenthesis containing any required
number of statement numbers separated by commas, a closed parenthesis, a comma, and a non-subscript-
ed integer variable.

GO TO (10,8,7),K

2. 1If the integer variable has a value of 1, the next statement to be executed is the Ist statement in the paren-

thesized list, if the variable is 2, *he 2nd statement is executed, and so on. The value of the integer is de-
fined or computed in another part of the program and acts as a subscript to the list. The length of the list




and the repeated appearance of the numbers of the list are not restricted. buat the control variable may not
be larger than the number of statements in the list.

3. Whenever it is posible to select one of several parts of a program dependent on the value of a control vari-
able, a computed GO TO may be used,

F. PROBLEM USING A COMPUTED GO TO

1. Problem — Write a program to compute any missing term of a proportion if three others are known. The
known terms arc to be entered on the typewriter after the operator types in the number of the proportional

( Start )

Write
directions

[_.
Read 1
N
[]

;n=1 AAI n=2 ]:7n=3

Ask Ask Ask . Ask
for for for for
2nd 1st 1st 1st

that is unknown.

o

Flowchart

)

Read Read Read Read
2nd 1st 1st 1st
' 1
Ask . Ask Ask Ask
for for for for
3rd 3rd 2nd 2nd
Read Read Read Pead
3rd 3rd 2nd 2nd
Ask Ask Ask
for for for
4th 4th 4th
—
>Read Read Read
4th 4th 4th
) —
O 1 zj 3 4 i
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i - .
i
fﬁ 1st = 2nd = 3rd = I 4th =
.sec X third first x fourtH first x fourth sec X third
fourth - third second first
Write Write Write Write
given given given given
roportio roportio roportio roportio
1
\ Write Write Write Write
. lst 2nd 3xd _ 4th
\_ ./
Write - R
last probl Read
enter 999 Last Call Exit End
ot herwi se /
0
3. Printout
PAGE 1
// JOR
LOG DRIVE CART SPEC CART AVAIL PHY DRIVE
0000 0002 0002 0000
// FOR
#JOCS(CARDDISK91132PRINTERITYPEWRITERIKEYBOARD)
#LIST SOURCE PROGRAM
10? WRégﬁ%}.k)'TH S PROGRAM DE GNED T FIND THE UNKNOWN TERM A
1E§o¢gR+?g§ VHER TRREBAYEARSPRRECKRBW?) of
2 FO&MA*%éX.'IF YOUR PROPORTION WERE WRITTEN IN THE FORMt4//+2Xs'FIR
1ST 1S TO SECOND a THIRD IS TO FOURTH'e//s2Xs'ENTER THE NUMBER OF T
2HE MISSING TERM's//)
READ(6+3)N
3 FORMAT}II)
GO TO (109209309401 N
10 WRITE(194)
4 FORMAT(2Xy9'ENTER THE 2ND TERM IN THE FORM XXXXaXX')
READ(6¢95)SEC
5 FORMAT(FB8,.2)
WRITE(146)
6 FORMAT(2Xs'ENTER THE 3RD TERM IN THE FORM XXXXeXX')
READ(6s5)THIRD
WRITE*%‘T)
7 FORMAT(2X4'ENTER THE 4TH TERM IN THE FORM XXXXaeXX')
gsao(s.gséonruo
*TH
25 gé§z§$§5§5{§é§'iﬁ$§§vFgR;H' "sFB42+'1S TO'FB42)
=
WRITE T 2R NS F 1R TO *FBe2s =t rFBa2y .
8 FORMAT(2Xs 'THE'sI391Xs ! PROPORTIONAL IS!4F942)
GO TO %00 ) .
20 WRITE(199) ’
9 FORMAT(2Xs'ENTER THE 1ST TERM IN THE FORM XXXXaXX')
READ(695)FIRST
WRITE(196)
READ(63s5 ) THIRD
WRITE(1+7)

ERIC
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~

READ(6+5)FORTH
SEC=F IRST#FORTH/THIRD
WRITE(1926)FIRSTsTHIRD s FORTH
26 FORMAT (2XsFB8e2s%1S TO =V yFBe2+'15 TO'sFBe2)
WRITE(19s8INsSEC
GO TG 200
30 WRITE(1s9)
READ(635)FIRST
WRITE(194)
READ(6 48] SEC
YBARTE 12T torTH
THIRD=F IRST*FORTH/SEC
WRITE(1927)FIRST2SEC s FORTH
27 FORMAT(2X9sFBa2s' 1S TO 'sFBs2s' = X 1S TO'sFBe2)
WRITE(158)NsTHIRD S
GO TO 200
40 WRITE(1,9)
READT6s5)FIRST
WRITE(194)
READ(65) SEC
WRTTE(1,5)
READ(6+5) THIRD
FORTH=3SEC*THIRD/FIRST
WRITE(1+28)FIRST»SECS THIRD
28 FORMAT(2X3FBe23' IS TO 'sFRe2st 3 14F8e2+'1S TO X')
soo WRITE(138IN,FORTH
??1€5§M§+%5§}31F THIS IS YOUR LAST PROBLEM ENTER 999» IF NOT ENTER O
READ(61}2)LAST
12 FORMATIIS) -
IF (LAST=29911005300:100
300 CALL EXIT
END
FEATURES SUPPORTED
Tocs
CORE REQUIREMENTS FOR
COMMON VARIABLES 12  PROGRAM 616
END OF COMPILATION
// XEQ
THIS PROGRAI 1S DFSIGMED TO FIND THE LMEHOUN TERM OF A PROPORT [OM LHFN THunEe TFRHUS
IF YOUn PROPORT 10N VERF UPITTEM IM TIE FORH
FIRST !S TO SECOMD = THIRD [§ TO FOUPTY
ENTER THE MUNMBFR OF THE HISSIMA TERH
ENTER THI 20D TERM (1 THE FARM ¥XXX, XY
25,
ENTER THE 3RD TFRIT I[N THE FORM XXXX.XX
100.
ENTER THE LTI TFRM IM TUF FORM XX¥X. XX
125.
X 1S To  25.00= 100.001S TO 125.00
THE 1 PROPORTIOMNAL IS 20.00
IF THIS IS YOUR LAST PROBLENM FMTER 994, IF MOT FMTER 0
4

THIS PROGRAMN
IF YOUR PROPORT!OH VUERE WRITTEN

FIRST 1S TO SECOND = THIRD IS TO FOURTHNH
ENTER THE HUMBRER OF THF 1418SIME TERN
u .
FMTER THE 1ST TERI ™ THFE FOR!M XXXX.XX
25,
ENTER THE 2MHD TEPM M THF FORH XXXX.XX
100.
ENTER THFE 3RN TERIY IM THF FORM XXXX.XX
125.
25,00 Is 710 100,00 = 128,001S TN X
THE b PPOPORTIOBAL IS 500.00
JAF THIS 1S YOUR LAST PRORLF!YY FHTER aqq,
994

v

IF M0T RMTFR 0
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FORTRAN LANGUAGE
UNIT YV

A. READ STATEMENT

1. In order to have the computer receive information from an input device a READ statement must be used.
It tells the computer what to read.

)

The statement consists of the word READ, followed by a pair of parentheses containing 2 numerical codes
separated by a comma, and a list of the variables separated by commas.
READ (n,.n,) A,B,LC(])

a.  Input Codes

Logical Unit Code (n;) - Device
2 Card Reader
4 Paper Tape Reader

Kevboard -
An integer variable, defined previously in the program may be used instead of the numerical code.
b, Variables in Input List :
(1) The ldngth of the list is not restricted.
(2) The variables may be of any mode, and modes may be mixed in the sume list.
{3) Variables may or may not be subscripted as required by the specific program.
(4) Aninteger read early in the list may be used as a subscript later in the list.
READ (2,1) LA(I}
However, subscripts do not necessarily have to be defined in this manner. Alternate methods are:
(a) Thesubscript may be defined by index of a loop.
DD 101=1,10
"READ (2,20)A(])
10 CONTINUE
(b} The subscript may be read in by a separate READ statement.
READ (4,1)N
DO251=1,N
READ (2,20)A(1)
25 CONTINUE

(@)

3. Self-indexed READ
a. This tvpe of statement is used to read arrays. -
b, The variables and their variable subscripts must be followed by a comma and an index definition like "
that of a DO loop. '
READ (6,1) (A(I),1=1,25)
¢. - The variable and index definition must be enclosed in parentheses.
d. As is the case of the DO lonp, the limits of the index may be variables or constants.
e. The list of elements may contain other elements besides those that are self-indexed, either before or
after the self-indexed element.
READ (2,1)1,].K,(A(1),1=),K), UM,BIGA
f.  The input list may contain more than one self-indexed element.
READ (4,1) (A(1),1=1,10),(B(}).] = 1,20)
g.  More than one subscripted variable may use the same index definition.
READ (6,1 ) A(1),B{I),I=1,20) '
h. The disadvantages of the DO loop control of reading data as compared to the self-indexing method
are: .
(1) The DO loop must execute the READ as many times as the upper limit of the loop.
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(2) Under control of a DO loop, each time the READ is executed a new card must be read by the
computer, thereby wasting cards.

0000000000

EXERCISES

Write a READ statement to read 2 variables named C‘OST, SELPR from cards.
ANSWER: READ (2,1)COST,SELPR

Write a self-indexed READ statement to read 20 values of A,B,C from 20 cards, each punched with A.B.C.
ANSWER: READ(2,1) (A(1),B(I),C(I1),1 =1,20)

Write a READ statement to read in an integer variable called N and N vanables called COST(1) from
cards.

ANSWER: READ(2.1)N (COST(I),I=1,N)

Write a READ statement that will use the keyboard or card reader to define 3 variables called X,Y and Z,
depending on the value of a variable called KRC.
ANSWER: READ(KRC,1)X.Y,Z

Write a READ statement to read 100 pairs of X and Y coordinates of points from cards.
ANSWER: READ(2,1) (X{I),Y(1),I =1,100)

Write a READ statement to read 100 values of A, then 100 values of B from cards.
ANSWER: READ (2,1) (A(1),1=1,100), (B(I1),1=1,100)

Indicate whether or not the following READ statements are valid, and if they are invalid write them
correctly,
a. READ(2,1)COST
b. READ (-2,1) SELPR
C. N=6 <
READ (N,1) COST
READ (2,1) NUMBR,COST,MRKUP,SELPR, TAX
READ (2,1) (COST(I), [ =1,20"
READ (2,1)J,COST(1),1=1.20
READ (2,1)COST(2°141),SELPR(])
READ (2,1)N (N)
READ ( 1)N( I),I=1,N)
(2,
(
(A

" T s

—
=

2,
READ (2,1)L ( (DI=L,M)
READ (2 l)A B C(1),I=1,B),K2R,STP
READ (A(I), B(I),C(1),I=1,10)
ANSWERS
a. Valid
b. READ (2,1)SELPR
¢. Valid
Valid
Valid
READ (2,1)], (COST(I),1=1,20)
Valid -
Valid (RN T
Valid
READ (2,1) LM, (A(I),1 ==L,M)
READ (2,1) A,IB,(C(I), [=1,IB},K2R,STP
READ (2,1) (A(I1),B(I),C(1), I=1,10)

— e e

n
o

o ™

— e

0co00cO00po00O0O0O0
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B. FORMAT STATEMENTS

L. A statement that provides information to the input or output statements about where numbers are to be
found is a FORMA'T statement. It is not executed and because of this faet does not necessarily have to be
placed in sequential order. Ordinarily they are placed adjacent to the READ or WRITE statements or all
together at the beginning of the program.

!\'J

Every FORMAT statement must have a statement number.

3. The statement consists of the statement number, the word FORMAT, followed by a pair of parentheses
containing FORMAT codes.
a. FORMAT Conversion Codes
(1) The FORMAT codes tell the field width of the number, the number of decimal places, if any,
and its mode.
(2) FORMAT codes combine both alphabetic and numeric characters.
(F8.2) .
(a} Alphabetic
F - Real numbers, decimal notation
I - Integers
E - Real numbers, exponential notation

X - Blanks
H - Hollerith characters
A - Alphameric characters '

(b} Numeric
Ist integer - the number of spaces (card columns, print spaces)
used to contain the number (field-wiath). When punched or tvped
the number must be right adjusted in the field. (See Data Card
examples on pages 8 and 9.)
2nd integer - the number of decimal places. (The computer will
ignore this code if a decimal is punched in any position in the input.)
h. READ Codes
(1) REAL numbers with ordinary deciinal notation require F conversion code, ficld width specifica-
tion, and decimai specification.
(F8.2)
(2) Real numbers may be coded in E notation to reduce the amount of keypunching when very large
or very small nuimnbers are needed in program. .

(a) A great deal of variation is allowed1.n reading E notation. Ordinarily the field width required
inust include a place for the E, one for the sign of the exponent, one or two for the exponent,
one for the decimal point if any, or a total of four or five spaces more than will be occupied
by the actual number of significant digits in the number. For example: .000072 could be
written as 7.2E-5 or 7.2E-05 requiring a field-width of 6 or 7.

(b) The construction of the E FORMAT conversion code corresponds closely with that of the F
code. It consists of the alphabetic code, field width specification, period, decimal- speuﬁu-
tion. The code for reading the numbers above would be E6.1 or ET7.1.

e. Code .
(1) TheIcode is used for Lonvertmg: mtegf’rs
(2) Theletter L is followed by an integer which specifies field width.
(3) Nodecimal code is needed because integers never contain a decimal fraction.
d. X Code
) The X code may be used to indicate the number of spaces to be skipped.
) The X is preceded by a positive integer indicating the number of spaces to be skipped.
5X - do not read these 5 spaces

(1
(2

e. H Code
(1) H code is not used as much by the IBN: ;30 as it is by some othe machines because of its special
feature of copving material between apostrophes. However, it will be accepted. The use of H

1 notation indicates that a number of spaces toiiowing the letter H will be occupied by Hollerith
v
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symbols (combination of alphabetic and numeric information) to be copied literally.
{2) A positive integer preceding the H indicates the number of Hollerith characters that follow.
(14H1234 SOUTH ST.) ‘
f. A Code

{1) - A code is used to read alphanumeric information.

(2} No decimal specification is required.

(3)  The field width of an A specification code must not exceed 4 spaces because alphanumeric infor-
mation requires more storage spuce than ordinary numeric information. Extended precision niust
be used to increase the number of alphanumeric characters being read as one variable.

g The parentheses of the FORMAT statement contain the complete specification for one card or one
line. One number-conversion code indicates one number punched rer card, or tvped per line.
h. More than one code may be used in one statement. No limit is et on the n'tmber and variety of such
codes as long as the I'mit of the card or print line is not exceeded.
12 FORMAT(F3.2,I3,E10.3,F2.0)
i. Aninteger may be placed hefore the conversion code to indicate how many tines a code will be repeat-
ed in the lavout.
1T FORMATI(3F8.2,2A3,412} S

©000DODOD O

EXERCISES

Write a FORMAT statement to convert a real number having 4 decimal places from the first 10 columns of
a card.

ANSWER: 1| FORMAT(F10.4)

Inthe FORMAT statement 2 FORMAT(FS.2), a)what does the Fspecify, b) the8, c¢) the2®
ANSWER: a) areal number, b) the field width, ¢) the decimal point position.,

- Write 2 FORMAT statement to convert 3 real numbers from one card, all having the same field width and

decimal position.
ANSWER: 3 FORMAT(3F10.4)

Write a FORMAT statement to convert 3 real numbers from one card, all having dif'erent field widths and
decimal positions. . .

ANSWER: 3 FORMAT(F10.4,F8.2,F7.1)

Write a FORMAT statement to convert 2 integers, 3 real numbers punched in regular decimal notation,
and 2 in exponential notation from a card.
ANSWER: 4 FORMAT(215,3F10.2,2E20.6)

©ODO0DOODOGQOD

COMPLETE INPUT OPERATION

[\

The complete input operation is defined by the READ statement working with a FORMAT.

Spaces that are not specified in the FORMAT codes are not read.
READ(2,1)A,B,C
1 FORMAT(3F10.2)

The sequence above only reads the 1st 30 card columns. Anything punched in columns 31 through 80 will
not be read,

If the input list contains fewer variables than the FORMAT conversion code, only as many as are con-
tained in the list will be read.
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READ(2,1)A,B,C
1 FOBMAT(7F8.2)
The sequence above will read only 3 variables.

If the number of variables is more than can be read from one card the computer will read as many values as
are specified in the list,
READ(2,2)(AGE()),] =1,100)
2 FORMAT(26F3.0) .
The preceding sequence will read 100 values of AGE from 4 cards, three cards contain 26 values, the fourth
contains 22 values. '

The actual mode of conversion of the number frem the form in which it is found on the card to the form
which it will take inside the computer is determined by the FORMAT, regardless of whether or not the
programmer has written them to agree. Lack of care in this instance could cause an error to exist. For ex-

ample the scqucnce
READ(2,5)1,]

b} FOR\1AT(2F(.2)
would cause real numbers to be assigned to the integer variables [ and §.

Separate Card Lavouts
a. Separate card lavouts are indicated by the presence of a slash (/) in the FORMAT statement. For ex-
ample the statement 6 FORMAT(313/6F¢.2) could be used to read 5 integers from one card and 6 real
numbers from another card. If the associated READ called f .. more than 11 variables to be read into
storage the third card would contain 3 integers, the fourta would contain 6 real numbers, and so on
until the input list is satisfied.
b. Use of Parentheses
(1) Parentheses can be used in conjunction with the slash to cause a single card to bc read with one
layout and many cards read from asecond lavout. For example the sequence
READ(2,5)N,(A(1),1 =1,100)
b} FOR\IAT(B/(SFlO 2).)
would cause the computer to read one value from the first card, and 8 values from cach of the next
12 cards, and 4 from the fourteenth card.
(2) Parentheses within parentheses after the slash are not permitted in this tvpe of FORMAT
statement.
(3) Specifications for particular card columns may be repeated by the use of parentheses. For example
the sequence
READ(2,6)N,],COST,1,L.,SELLP
6 FORMAT(2(213,F10.2) )
would read 6 values from a card. reading the sequence (213,F10.2) twice as indicated by the inte-
ger preceding the parentheses.

©o000093000aQ

EXERCISES

Explain what the following pairs of input statements will cause the computer to do.

1.

o

READ(2,10)A,B,C
10 FORMAT(3F7.2)

READ(2,10)(PRICE(N),N =1,20)
10 FORMAT(8F10.2)

READ(2,10)STP
10 FORMAT(EL0.3)
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4. READ(2,10) (ALPHA(I).I=1.4)
10 FORMAT(4A1)

5. READ(6.10)K (A(I),I=1,K)
10 FORMAT(I4/ (8F10.4) )
ANSWERS

1. 3 real numbers which define A,B. and C will be read from 21 card columns. Each number has 2 decimal
pleces.

59}

Real numbers which define a list of 20 variables called PRICE are read from cards. Each card contains 8
numbers and each number is allotted 10 card columns, and has 2 decimal places.

3. One rcal number in exponential notation is read from a 10 card column. I no decimal is punched on the
card the FORMAT will provide 3 decimal places.

4, Reads 4 alphabetic characters from a card.

5. Reads a variable number of cards. The ist card contains the integer variable which defines the limit of the
loop. Each card following is punched with 8 real numbers. The statement will cause K variables to he read
from as many cards as are needed to contain these variabjes if 8 are punched to 1 card.

0000000000 O0CO

D. WRITE STATEMENTS

1. In order to have the computer to output its solutions a WRITE statement must be used. The output state-
ments are similar to the input or READ statement.

2. The statement consists of the word WRITE, followed by a pair of parentheses containing 2 numerical
codes separated by commas, and a list of variables separated by commas.
WRITE(n,;,n:)A,B,C,]
a.  Output Codes

Logical Unit Code (n,) Device
1 Typewriter
2 Card Punch
- 3 : Printer
% Paper Tape Punch

Notice that 2 and 4 are also used as input codes. However. used in conjunction with a READ they are
considered input, and with a WRITEF they are considered output. As is the case in READ statements,
an integer variable, pre-defined in the program can be u:.d for a logical unit number.
b. Variables in Output List )
‘ (1) All of the variations allowed for input lists are a'so valid for output lists.
(a) Variables may be of either mode in the sar.c list.
(b) ‘The self-indexed form may be used.
“(c) Subscripted variables may be used, unless the subscripts are mathematical expressions.

E. FORMAT STATEMENTS

1. Output FORMAT statements are similar to those used for input. They specify the layout of the solutions
on the output device, and conversion codes are identical to those used with the READ.

» 2. The FORMAT statement used with a WRITE statement defines the layout of a single line on the printer or

typewriter, or a single card to be punched. This line will be repeated until the variable list is satisfied.
. o
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a.

b.

Printer (or tvpewriter) lines consist of 120 print spaces: therefore the FORMAT specifications for the
single unit cannot exceed 120 spaces.
The card-punch specifications cannot exceed 80 spaces per card.

Real Numbers

a. . The decimal point is printed.

b. The programmer must determine the number of significant digits to be printed and construci the
FORMAT accordingly. Do not call for more digits than are significant.

¢.  Numbers are printed so that they are adjusted to the right of the alloted field and blank spaces occupy
unused positions on the left. Spacing may therefore be provided by indicating a field width wider thun
is actually needed.

d.  Unused decimal places will be filled with zeros. 75.2 with F5.2 specification will print as 75.20.

e. A place must be reserved for printing the sign of negative numbers. Positive numbers ure printed with-
out the sign. For example: -52.74 would require an F6.2 specification. :

f. If the number of decimal places in storage exceeds the FORMAT specification, the decimal will be
truncated as prescribed by the FORMAT; for exainple: 25.7259 will be printed as b25.72 if an F 6.2
specification is used, b signifying a blank space.

g.  If the number of digits before the decimal exceeds the alloted space, the entire field will be filled with
asterisks.

h. 1f there are no digits preceding the decimal a zero will be printed, using one space. For example .75
will be printed as 0.75 requiring an F4.2 specification.

i. Real numbers mav be printed using the E conversion code.

(1) For E output, numbers are normalized, that is, the decimal always appears to the left of the Ist
significant digit and a zero precedes the decimal point.

(2) The exponent correctly places the decimal point, the computer mal\mg the necessary adjust-
ments to achieve this.

(3) The number of decimals to be printed depends upon the decimal specification in the E code
which is selected by the programmer. 79.234 with conversion code E12.4 would be printed as
bb0.7923Eb02.

(4) E conversion codes require at least seven spaces in addltlon to the numbe - of significant digits
which will be printed, four for the exponent one for the decimal, one for the leading zero and

~one for the sign. Y

(5) Extraspaces can be added to the field width to improve readability an&cappear‘n."e of output.

{6) A FORMAT specification of E20.7 will provide sufficient space tor ahy internal number with 6
leading spaces, and is therefore frequently used.

Integers

a. lconversion code specifications are like those for input statements.

b. Nodecimal point is printed.

c. Numbers are right-adjusted in the allotted fields.

Slashes

a. Slashes are used to signify the end of the specification for one line.

b. More than one / in the output FORMAT causes multiple spacing, that is // would cause a line to be
skipped between 2 lines of printing, and /// would cause 2 lines to be skipped.

c. Slashes appearing before or after a FORMAT conversion code would cause a number of blank lines

equal to the number of slashes before or after the printed line.

Literal Data

a.

.b.

(o]

Remarks, descriptions, labels or any type of alphabetic information may be printed by enclosing the
information in apostrophes within the FORMAT statement.
The computer will copy whatever is enclosed in single quotes as it is written by the programmer. The

" enclosed characters may be alphabetnc numeric, or special characters.

No variable is listed in the output statement for literal data.
Literal data may be printed before or after E, F, or [ conversion codes.
The number of spaces used in the specification for a line must not exceed 120.
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=1

f.
£

L
Ta double space after a printed line slash marks (/7) should follow the literal data.
Literal data ¢an be read into storage with a similar FORMAT and printed out in the same form as it is
read in, but it may not be altered in any way if the "quote” method is used.

A Conversion

a.
b.

o

d.

To alter alphanumeric data A conversion code must be used.
The code consists of the letter A followed by an integer which indicates the number of alphanumeric
characters to he written under A conversion.
A corresponding variable name must appear in the variable list for cach alphanumeric group.
The alphanumeric groups cannot contain more than 4 A characters if its name is a real variable or 2
characters if it is an integer variable. To read the 2 initials and an 8 character last name the following
sequence could be used.
READ(2,)INITLINIT2,SNAMI,SNAM2

I FORMAT(2A2,2A4)

The card would be punched with A.J. WILLIAMS in columns one through twelve.

8. X Conversion
a.  To provide spacing of output on a given line or card X conversion can be used.
h. 1t consists of the letter X, preceded by an integer indicating the number of blanks to be defined.
9. Carriage Control
a.  When output is to be produced on the printer, special specifications must be included in the FOR-
MAT statements to provide for control of the carriage of the printer,
b, The tst character of the output image is not printed but serves as a message to the computer to cause
the printer to space down the page in various ways. ’
¢. Codes
(1) If the foillowing codes appear in the first space of the line to be printed, the corresponding car-
riage control operation will take place.
Code Control Operation
b (blank) normal spacing
0 (zero) double space
1 (one) begin on a new page
+ (plus) write on same line
{2) The carriage control codes apply only to printed output, not out put on cards, tape or disk. .
EXERCISES
1. Revise the program in Unit 111 which finds the sum of 50 numbers read from cards. Assume that the num-
bers are punched 8 to a card with 10 field width and 2 decimal places. Use self-indexed READ and WRITE
statements.
SOLUTION
PAGE 1
// JOR
LOG DRIVE CART SPEC CART AVAIL PHY DRIVE
0009 0002 0002 0000
// FOR
*IOCS(CARDYDISK91132PRINTFR)
# LIST SOURCE PROGRAM
C THIS PROGRAM WILL READ A LIST OF 50 NUMBERSy PUNCHED ONE TO A CARD.
C NUMBERS MUST BE LESS THAN THE ABSOLUTE VALUE OF 1000 TO THE NEAREST HUNDREDTHe
C THE NUMBERS ARE PRINTFD AND THEIR SUM IS COMPUTED.,.
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DIMENSION A(50)
SuUM=0 .
RFAD(291)(A(1)9I=1950)
1 FORMAT(8F10e?)
DO 5 I=1450
SUM=SUM+A(])
5 CONTINUE
WRITE(391)1(A(I)s1=1950)
WRITE(3493)5UM
3 FORMAT (2Xs'SUM="',4,F9,2)
CALL FXIT
FND
FEATURES SUPPORTED
10Cs
CORE RFOUIRFMENTS FOR
COMMON VARTABLFS 106 PROGRAM 124
FND OF COMPILATION
Y
7/ XFQ
~33.00 7450 36600 17.00 38400 4952 ~1900
50400 35400 10400 47400 2400 18.00 5400
43.00 45400 -44400 0«01 1200 13.00 26400
7400 9400 46400 24400 48600 39,00 30400
44400 42400 23400 =1¢25 2533 31400 14400
34400 22400 41400 37.00 31.00 4499 2800
-Re01 6400
SuM=z 105009 .

2. Write a FORMAT statement to print CAPACITY =15,791.54 GALLONS.
ANSWER: 20 FORMAT(2X,"CAPACITY =15,791.54 GALLONS")

3.  Write a set of statements to print the following:
SOLUTIONS TO QUADRATIC EQUATIONS
Triple Space
= Print Column headings .
A B C X1 X2
Double Space

Print coefficients and answers of 10 problems under headings, each having 2 decimal places.

ANSWER:
"WRITE (8,10)
10 FORMAT (43X, SOLUTIONS OF QUADRATIC EQUATIONS' /// 41X,'A" 6X,'B’
1,6X,'C 15X, 'X1°,6X,'X2",//)
WRITE (3,11)A,B,C X1,X2
11 FORMAT (36X,3F7.2,10X,2F7.2)

90000007000
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FORTRAN LANGUAGE
Unit VI

A. MORE ABOUT DO-LOOPS

o

Range — All of the statements from the DO statement to the statement whose statement number appears
after the werd DO are in the ‘range’ of the DO-lnop.

A control statement (IF or GO TO) may never be used to end a loop. If the branch is necessary, it must
transfer to the durmy statement, CONTINUE, which must end the loop that would ordinarily end with a

control statemenit.

A “special exit” may cause the C()mplltCF to leave the loop befare the upper index limit has been reached. In

“this case the index value at the time of the exit may be retained for future use in the program. Transfers

from within the loop may be made to statements outside its range.
Transfers from statements outside the range of the loop cannot be made to statements within the range.

Nested DO-Loops v

a. Definition. DO-loops are nested if one is completely within the range of another loop, but the loops
must not overlap in any way. .

b. Execution. The outer loop begins first and executes until the beginning of the inner loop. The inner
loop completes its cycle, then the outer continues to its ent’, and begins again. The process continues
until the upper limit of the outer loop is reached.

c. Two or three loops within loops are often used.

d. Loops may be used end to end within other loops.

e. Two or more loops may end at the same statement.

B A PROBLEM USING NESTED DO-LOOPS

L.

Problem — Read alphabetic elements of sets A and B from cards. An integer representing the number of
elemerits in the set occupies the first 2 card columns. Write the given sets and the intersection set, provid-
ing for a message to indicate the null set.

Flowchart

Read,
NA, BIACD) |I=1,8a 1=1

Iel,RA J=1

i

NB, ELB(J) |J=1,NB

Jxl,'NB
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3. Coding Forms

) FORTRAN Cading Form
. R ! [ } I | ol 2
e I s e P o TR T T

FORIFANL STAY

o pzmenezon era(]26), ELB( 26, x5e (el | - .
_..300 REA%(L,i)NNTCLLALI))L%LrﬁA)HM4MM. 5
Lot {roRMAT (12,206A2) . . | i
;wnxjk(s,s)(iLA(I),xxj,NA)...
.. 5 iroRmMAT(2K,26A2) . .
... .| meanilz, 2)we, (LB (), 41, NB) | .
hmu_zﬁsodem(lz_LaAz)mww_m» -
A“mmwwwnlqa,3,§$(LMBC¢)hJ“
: GROUANIT =0 L f o e HUVUNLIY! UIVUNCIVUN DRVUUSUNE S DRVUL SO PUSN SURIG [V : P
Do 10 I-1j, WA | . R - S TR FURN VRS AR S
Do 10 J1,NB . . BE SRR R T S U
TR CELACTY-ELB(Y) 200, 20, 100 L b .- e
Lo 0L KO BNT 2 ROUNT L SR R VA W
e L K ROMNT | ; B
oot eeTdR)seeale)l o b b
L0 (CONTIINWUE |

Lo e (weuntdho, 35,40 L Lo b b .
wriTe (3,30 . ] . . R R A e e e S
JrormaTC2xl, 1ne| TauTERSECTIoN SET L8 THe [MurL (eET..)_ .l —
oo, 3o 300l ol b e e e
CWRITE(S, 4. (xseT(K),|Ke 1, KOUNT) - i I— .

D tlQRNAT(lX,‘lNﬂER%ECTION ST &', 26A3)
- 6o T I .
999 v'[g,m. U

IBM FORTRAN Cohag Farm

1
.
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4. Printout

PAGE 1

// JOB

LOG DRIVE CART SPEC CART AVAIL PHY DRIVE
0000 0002 0002 0000

// FOR

#10OCS({CARDIDISK31132PRINTERs TYPEWRITERKEYROARD)
#L1ST SOURCE PROGRAM
DIMENSION ELA(26)sELB(26)9XSET(26)
300 READ(2s1)INAs (ELA(I)sI=14NA)
1 FORMAT(12+26A2)
WRITE(395)(ELA(I)s1=1sNA)
5 FORMAT(2X9s26A2)
READ(292)NBs (ELR(J) 9J=19NB)
2 FORMAT(12s26A2)
WRITE(3+5) (ELB(J)sJ=19NB)
KOUNT=0
DO 10 I=1sNA,
DO 10 J=1sNB
IF(ELA(I)=ELR(J))10920410
20 KOUNT=KOUNT+1
K=KOUNT
XSET(K)=ELA(L)
10 CONTINUE
IF(KOUNT 40935440
35 WRITE(343)
3 FORMAT(2Xs'THE INTERSECTION SET IS THE NULL SET!')
GO TO 300
40 WRITE(344) (XSET(K)sK=19KOUNT)
4 FORMAT(2Xs'INTERSECTION SET ='926A3)

GO TO 300
999 CALL EXIT
END

UNREFERENCED STATEMENTS
999

FEATURES SUPPORTED
10CS

CORE REQUIREMENTS FOR
COMMON 0 VARIABLES 170 - PROGRAM 288

END OF COMPILATION
// XEQ.

ABCDEFGHTIUJ

BDEGI

INTERSECTION SET-=8B DO E G 1
A EGHD

FIT

THE *NTERSECTION SET IS THE NULL SET
T

e 3

s
R
s -
ION SET = A T 57

E
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C. TYPE STATEMENTS

1.

The REAL statement consists of the word REA L followed by a list of variable names all of which will speci-
fy real numbers regardless of the ordinarily significant name of the variable.
For example the statement:

REAL IDENT, NUMBR :
would specify that IDENT and-NUMBR are to be handled as real numbers.

The INTEGER statement consists of the word INTEGER, followed by a list of variable names which will

be considered as integers by the program. -
INTEGER BLANK, DOT, POLY, SUM

All the listed variables will be integral.

The REAL or INTEGER statement must be the first statement of the program so that the computer will
store and use the variables when their names are first encountered in the program.

D. PROBLEM USING A -TYPE STATEMENT

1.

_[\‘)

Problem -— The Fibonacci Sequerce, 1,1,2,3,5,8,13 .. ., starts with two ones and new terms are formed
according; to the rule that each term is equal te the sum of the 2 preceding terms. Find the first 30 terms of
the sequence and all the partial sums, FSUM (1) of the sequence up to and including the Ith term.

Flowchart

‘ Start )

PSUM(1)=1
PSUM(Z):ZJ

TERM(1)wl
TERM(2)=z1

i

=3

O—

TERM(I) =
TERM(I~1)
+TERM(I~2)

{

PSUM(I)=
PSUM(I~1) 4
TERM(I)

i

Jz -2
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3. Solution
!_B,M L ) N oL TOWTHAN el Fum . .

FIBONACCL SEQUENCE e i NN N N SN SRS PR SO S S
L R Lo 00 Y S S Y D SO
.C._..,_.-»!.Y.EF_R.L&_PlQG&AM_ND’LALS ] 11:?;;HL15]Lt.ONAlCCI Eque.u‘c”s:mf {1“9:“3 s;,,g.,.l.s,., A R
| USRI IISJ'ART VIJH TITWwWo QN&{AND FORM NEw. . TER. MS}AQCORDIJ\IG JTO. . THELE  RJULE. THAT.. o
C... . litAcsl TERM 18 ElQuAL 0. THE SUM 0F TME Two. PRECEDING TRRMS...| ... . | . __ ___
€. . THE SLRILS 16 GENERATED FOR ﬁWENTw TERM&, AND PARTIALI%HM% AR E
L. GIVEIV WP To AND INCLUDINE EACH TE Rm. ; o :

- ,LMr: £R. PSUM(3 O),TE‘RM(&O NS i N DS IR W
A twu_ 3,30 — A
...... 3lira (16X, £ rBONACK o1 _smu.nﬂ,cs..’.).,.-,.,._ﬁ.--w N ] I
_,,,..,,\_mu e(s, 2D b oo e i
2 FORMAT(?X&,.'.TLRM N ‘.,,IIX,A',T,E,RM',9X,_'PA,RTIAL sum') o
L psume) =1 1 R . o B R S
BEUURNER X STV (¢ 3 IV S N S - , d
Terd (1) sa] oL Tl R _ _ . N D
TERM(2) s2] L S I T A N — _ I S
iio)ime o xra, 22l i oo SRR TSUVRES: SN ISR
L TeRM(I) TERM (T 1 ) e TlERm (2] 2). e
msumlz)spsumlzi-a YerlermGa). | b L
- NaXslzo bl I S i . R
WLt (s, 1), 1 eRmCo ). P aum(a) | R L i
A ko raat Ciolk I5, ila'x‘_.,ila,;i,ij.,'rs_) ] SN AN N ML A .
10, CONTIINRE | i I A RN BRI Lt ISR W it
- b CALL] BXYT L [ B C e -
L Y2 Y0 SRR NUU SN SO S | . N I R
: S .
4. Printout
PAGE 1
//7 JOB
LOG DRIVE CART SPEC CART AVAIL PHY DRIVE
0000 0001 0001 0000
v2 M04 ACTUAL 8K CONF1G 8K
// FOR :
*IOCS*CARDODESKollB’PRINTEROTYPEWRITEROKEYBOARD’
% LIST_SOURCE PROGRAM
C THIS PROGRAM DEALS WITH THE FIBONACCI SEQUENCE 1919293959891 39e0s
C START WITH TWO ONES AND FORM NEW TERMS ACCORDING TO THE RULE THAT
C EACH TERM 1S EQUA% TO THE SUM OF THE TWO PRECEDING TERMSs
C THE SERIES IS GENERATED FOR TWENTY TERMSs AND PARTIAL SUMS ARE
C ?éVEN gPPTSM?ND)I¥CL3?; ? EACH TERMe
R
WR1FEE5, 53N 301 TE
FORMAT (16X s 'FIBONACCI SEQUENCE')
WRITE(3+2) '
FORMAT(7Xs *TERM NOo's1l1Xs'TERM's9Xr» ‘PARTIAL SUM!')
PSUM(1)=1
PSUM{2})=2
;Egm(%}=1
=1
DS lé }=%922
TERM{1)=TERM(I=1)+TERM{1=2)
PSUM(I)}=PSUM{I=1)Y+TERM(I)
Jz
WRITE (321109 TERM(J) sPSUMLJ)
1 FORMAT(&OX.IS.IOXD15915X915)
10 CONTINU '
CALL EXIT
END
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FEATURES SUPPORTED
10Cs
CORE REQUIREMENTS FOR
COMMON 0 VARIABLES 128 PROGRAM 176
END OF COMPILATION
// XEQ
FIBONACC! SEQUENCE
TERM Noi TERT PARTIAL SUT
2 1 2
3 2 4
4 3 7
5 5 12
6 8 20
7 13 33
8 21 54
9 34 88
10 55 143
11 .89 | 232
12 144 376
13 233 609
14 377 986
15 610 1596
1§ 987 2583
1?7 1597 4180
18 2584 6764
19 4181 10945
20 6765 17710

E. PROBLEMS WITH DO-LOOPS

. Problem. Produce a table of values of x and v for a linear equation of the formy = ax + b. Read A and B
from cards and compute values of v for each x from -5 to 43 at intervals of .5, '
o, Flowchart

drite
Column
Head$ng:

|

ol




Xuz/10.

YaA®X 4B

b. Coding Forms

(¥ sorY AX~B S B SR
A . A

: - : ‘ - = S
THIS PROGRAM Wikt PRODUCIE A LT ST .dF. v ALUE S OF. X PWND N EOR. A_VLINEAR| |
~EQUATION, | Y2 AXa®e | ool b SUISREN ARSI SR (RS
JA_AMD B,ARE,READ”FRQM cAnns:AND X zs %ETV:LN_-S.AN&”ts AT IINTERVALY L
L IOF LB .
Reav(z, 3D yB

iy uidawﬁr(zx,lEQu Lo oo ]
160 T L 0. | SRR FUUPR IR SRR I . R R . I

Fo&MAtiJf1¢J)M%;;;;m;:;,w;_%w,;_”.H’“m~; ..... S TR S
LE( 2.5 4,17 : : :

warTe(s, 4)&TE,L

WRITIE(D, 8l
bORMAH(ZX

L Do._20 o Lxil,101,

9 [FoRmM tthrm,.
wWRLTE (3, 11)

}GIL TIO_ 1.0
wrrTe(3,.:9

cormat.(axl, tx!

Ziti 51

fiaz/r e,

YiaaaX B |

_fﬁﬂMAT(BXr

u&:wa(a, 5)
3

o conrlraue |

FURTRAN Luqu Form

— — ST N O O W
NI S T T 8 B

to 1lo 80 S e ]
99l lcarLl eXTT - : . :
ENMD. |- N N U B —

ERIC

Aruitoxt provided by Eic:
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PHY DRIVE
0000

T
0
8K

ART AVAIL
0001

0001
8K CONFIG

CART SPEC
ACTUAL

¢. Printout
1.

// JOB
LOG DRIVE
0000

V2 MOos4

PAGE

PRODUCE A LIST OF VALUES OF X AND Y FOR A LINEAR-
FROM CARDS AND X 1S BETWEEN =5 AND +5 AT INTERVALS
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EQUAT%ON Y$ 12450X =3425
“500 65475
=445 =59,450
=440 =53425
=365 =47400
=340 =bDe75
=25 =34450
=240 =28625 =
=1e5 -22.0%
=1s0 =15¢7
=065 =9¢50
Qa0 -3425
Oe5 3400
1.0 9625
1e5 15450
240 21475
205 28400
3e 34425
3. 40450
4, 46475
44 53000
5 5625
EQUATION Y 0«00X + 500
- 5
- 5
= 5
- 5
- 5
- 5

UV B 2 OWININ O OOR - hF 1 W £ P

OVMO VIO ROWMOINOMOUMOMONGURIC X=OUWnOWmo
T EEEEEEEFNE XN NN N N A N A
0000000000 COCOO0OO000
0000000000000 NH0000000

TN YUV VRN AR\

2. Problem. A school uses one data card to hold general student information as follows:
Columns
Name 1-20
Address ' 21-40
Telephone 41-50
Zip 51-55
Student number 76-80

A second card contains the student’s schedule, using room numbers and subject.codes with the student
number punched in columns 1-5. subject codes each require 3 digits and room numbers require 3 digits.
Each student follows a schedule of 4 to 6 classes aday.

Write a pregram to print the student’s name and his schedule.

a. Flowchart
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( Start >

i
Read all N
Cards in 1

First Group

1,N

Read all N
Cards in J=z1,N
Second Grou

JaJxl
lo
Write
Studenﬂé o
Name 6 I-I41
Subject




b. Coding Forms
IBM e e R Y[{nTn\‘ Coding Form L
. STUDENT'S  GCHEDULE T

e e e et et e e i DL

ATENDED Diredizon | T | 1 1
X QUE| WORDL ZN FHGERS | wooo | | ST TR A . SRS I
_ f/wEe ER oruuo(w)., S F.moz_(f.o)., »U-/(Ja) w10, PR3 Le) Jz,a

DL BNE (100
L LREAY wastl e ), VAMZ(LQ) ,,uﬂjt/3.(w),,w/ yaltio). A R
i DITMENS o ...Suﬁ.ﬁ( £00,0S¢ B2 (4022 5083 (1), SiiB4L 40D, SLEBY (10}, 508l 10)

=

L BEADI 2, W o L T
_H FORMAT(z 2 NSRRIV RSN SRRSO NP SRS SN SN B SR
d o [READIC2, 1) (WARnZ(E). ) AR (ED) NAABCE ) \Wnud (), STwwolm) , T=a, M) | . | |
B FORNAT (4 pls, 55X ES) | o R R I i
AL REaDIa, )5 () Iswaill), 2t L(J) 5ugzu), 2R(T), 50B83(7), a3 (s)
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¢. Printout

RPAGF 1
4/ JOR
LOG NRIVF CARY SPEC CART AVALIL PHY DRIVE
o000 0001 0001 0000
V2 My ACTUAL 8K CONFIG &K
FOR
#IOCSICARNDINISK911712PRNTFRyTYPEVRITERICEYROARD)
# LIST SOURCE PROGRAM
#EXTENNEN PRECISION
# ONF WwORD INTEGERS
l{NgEgT?O?TUNO(IO)OSTNQZ(IO)ORNI(IO)oRNZ(lO)oRN3(10)ORN“(10'ORN5‘10
RéAE NAMI (101 sNAM2 (1N) yNAM3 (10) yNAMG (10
DIMENSION SURLIIT10 )OSUﬁz(IO)OSUB3(10)USUBQ|IO)OSUB5110)05U86(10)
REAN(296 )N ;
4 FORMATI(]12}
REAN(29]1 ) (NAMLIUT) oNAMZ2 LT) oNAM3{T) oNAMSGTT) 9 STUNO(I)9I=1sN)
FORMAT(LAS5,55X,15)
READ(Z.Z)(STNOZ(J)oSUBl(J).RNl(J).SUBZ(J)oRNZlJloSUBB(J)oRN3(J)oSU
IHQ(J)oRN“(J)OSUB5(J10RN5(J)oSUﬁﬁ(J RN6(J) 9 J=1leN)
2 FORMAT I I59A59139A59139A59139A59139A 50!30A5913)
no IO l!io“.
RO 10 UsleN
IF(STNgZIJ)-STUNO(I))10o9010
9 WRITF(393INAVMIIT) oNAM2( 1) oNAMILT) oNAMLGIT ) oSURL (J)sRNLIJ)9SUB2(JI) »
IRN21J) 9 SUBR3LII oRNILI) 9SURG I JY) sRNG T J) »SUBS{ JIsRNS( J) s SUBLL ) sRNGI(J)
3 FORMAT(2X94A59///92X9'PERIOD 1" 45X 9A545X0139//99X0?20 465X9A595XKs13,
17 99Xe "3 oS X0A5 95X 010/ /90X 004 95X 9A55XK 130/ / 99 Xe'5Y 45X A5 95Xe]3
2/799X0 'K 95X 9A5 95X 9130 ////)
10 COMTINUE
CALL FXIT
FND
FFATURES SUPPORTED
ONF. WORN INTEGLCRS
FXTENNFN PRECISION
10CS
CORF PFQUIPF“ENTS FOR
cov RIARLFS 988 PROGRAM 346
FND OF COMPILATION
7/ XFQ
RLOW JOE O
PERION 1 EN I 201
2 ALG 1 203
3 OGN HS 309
S P4 EN 111
5 STUDY . 206
s HM MK 111
NIX MIX
PFRIOCD 1 ALG | 203
2 EN 1 201
3 OGN 4SS N9
4 PH ED 111
5 MM Ay Nl
6 STUDY 104

CLAUS SANTA

PFRIND 1 GN HS 309
? ALG I 203
3 EN I 20
o GN S1 315
5 PM ED 112
6 STUDY 104



F. A PROBLEM USING ALPHABETIC INFORMATION

Problc.u. Write a program to produce a list of names in the order, first name, last name, address, telephone
number. Data cards will be made up with the first name in columns 1-10, last name in columus 11-20, ad-
dress in columns 21-40, and telephone number in columns 41-30, each variable being left adjusted in its
field. Write the pr »giam to , “ovide for any number of cards less than 81. Properly identify the list and pro-
vide appropriate column headings and spacing for neatness.

2. Solution: :
a. Because the size of the allowable field of alphabetic information is limited, EXTENDED PRECISION
may be used to allow grouping variables in 5 letter groups. However, since each field is longer than 5
letters, two or more variables must be used to represent one record e.g.
FNAM]1, FNAM2 will be the two parts of the first name.
b. A variable representing the number of cards to be read is first defined by reading from a card.

8. Flowchart (see following page)

Writé.
Title of
List

Read
Records

l




4. Coding Forn

:BM --V‘il»'-Diljl'RkM ‘.udnq Fnrn ) s ) L ~
O O ST S S
L1488 OF STUDLNTS D IN THE |SUMMER PROGAAM.
LM ST 0. LITCTSIE (80)], smam1(a0), snam2(gal, Aow(a_o)_ M DR
I himtsion. ADD?.;(SD) Ann(u).,Anuu(a,o) ,‘[E.L\(ao) revz(ao) . o
e unIt;(h mu) T - o N
T1000 Formar (2x, ' STUDENTS ENR onsen '/, zx,_..\o..m.j.h_ﬂu?m.w.,uuoa WYGH . .
= : 7?’)0 L‘ [ 2l 4 ’x:l ' ?ﬂﬁﬂ g - uzc—MflLtLL STYL ! 3‘ Y xr S ‘-Li—m‘ b e e
A pRe e S : vlyx, _
Lol {nj.m TSN LT TR N N R o T e
B IYY U T VT D S DU R R B . ,
R N T e T B i
T , - S s e B R A -*:h— s «] s e e
L twnrrk (3 4): - ' i
.;_L;L//;Jlrx,_"aﬂ}&- sT_same’ lax, ' u.-r zum.*gx ! AbpoRe s ', 1el, ' TeL rp o
e ML B
_,;.._..__.,T..R:.AD {2,2). lmme(x) mnmz(:),suam(x)p, s\wnz( 1) ADD x(x) AnmL:) A
131, ADD&(I’.TELi( .),.'r V2T et KD, R ,
3 lro 2x, 28], 3x, 28 3x],4As,[3x, 245, //) - o
2 lroavar (10as) [ SRR LR il MR B . . k R
BREEREN" Oh{ &Y )...(L!NM.’-Q) F. 2(:1-),‘5 Ty 1'(1')} M(L), D'D‘i'(l),"‘nﬁll(.l-).,n e
T LYEV IR YRS IN: 1 ¥9V] 0 TIPTES i RN "TS Ji A S I I SRS D
T B L R 3 I B s
L e ST et N N
5. Printout
PAGE 1
// JOB R
0G DRIVE CART SPEC CART AVAIL PHY DRIVE
- 0000 ‘0001 0001 0000
v2 MO4 ACTUAL 8K CONFIG®™ BK
F
4{0Cg?CARD’DISK9113ZPRINTFRoTYPEWRITER’KEYHOARD)
S .
r ' M PRODUCE L1STS OF STUDENTS ENROLLED IN THE SUMMER PROGRAM
'CVTHIso}aeﬁs?gﬂGgﬁAwI?BO).FHgmztéow.SNAMl(aoa.SNAMZ(BO),Aooltaoa
a&%;g%éowo%%?Z(BO)oADDB(BO)oADDQ(BO)oTELI(BO)oTELZ(BO)
] . -
' NT “NROLLED'9/92X9s ' JOHN Fe KENNEDY SENIOR HIGH
1000%5858335%7:z§198505555 ROy ERG2E2APOTER 'STYLE T 572 2% ' SUMMER 15681/
///, [,]
RFAD (295) XKJ
5 FORgA% 1F10e27
KJ=XK .
sista,
1 FORM H .
4
41¥gé§%£?z2Xo'FlRST NAME Y 93Xy " LAST NAME'94Xo'ADDRES$‘oléXo‘TELEPHONE
READ {2+29 (FNAMI(IloFNAMZEI)o?NAMl(I)oSNAMZ(I)oADDl(I)oADDZ(I)oAD_
TE TEL2
31E3§§A?A?g§£él g TERIIRLIR2AE) 55358570,
M
% Zg?Té{3’%?A(%kAM1(I)’FNAMZ(I)’SNAMl(I)OSNAMZ(I)oADDl(l)oADDZ(I)oAD
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FEATURES S RTED
EXTENDED ISION
10Cs
CORE RE QUIREM&NTS FOR
COMMON 0] ARTABLES 2410 PROGRAM 258
FND OF COMPILATION
/7 XEQ
STUDENTS ENRQLLED -
JOHN F, KENNEDY SENIOR HIGH SCHOOL
PROBLEM SOLVING=COMPUTER STYLE
SUMMER 1968 .
FIRST NAMF LAST NAME ADDRESS : TELEPHONE
AYLIF ARTUS 1713 TENNESSEE ST ’ 943-=7298
WALTFR RARNFES 14 THRUSH ST 282=9557
SALVATORE BRECNFL 11200 CHEF MENTEUR .. 242-1150
CHARLES RIBBINS 122.0 Ss MIRO 529=2342
G. ANOTHER VERSION OF THE SAME PROGRAM
1. Problem. Write a program similar to the one just illustrated. but arrange the list in block styvle, as would be
used to address envelopes. Zip codes will be found in columns 51-33.
2. Solution:
a.  Since the alphabetic information has been given variable names, it can be moved by adjusting the
FORMAT statements. The same type of output could be produced for extremely long lists without
storing all the variables using the continuous loop technique.
b.  Coding form.
IBM . FORTRAN Fndmg Furm
o WAILING LIST. 1 r EETR I . EERNEN R R T
- [ W_ [ IS A N S N =
: j“ j : somman aibs OSSO B -
% EXTENDED |PRECISION - ‘ L
L _THIS T6 A PACIGRAM ITQ 'pnonuc. A_MAILING. LIST OF. _MOT. MORE. T Au‘_“anwﬂAmss;_M_.___*ﬁ
L namelvszon enami(eo) Enamz(80), saam1 (80| snamz! .a_o_)f,A.n.p,z (ec),lappz(sel
e i!), ADD 3.0 84, .A.‘DD.‘!.(A.O) ,;_I;?( Bo . i S S SRR [ S
b drean|(2, PR 'Y I R S M S D L AU PR A
5 roRmAT(z2) e U O PO U SOOI SOOI SOOI SOOI S
L T hmarle Gaal) : SR . :
__tilrorMarCann) | U e e .
L [wrrzale(s tooie) [0 s RN R I T,
L1000 lForRMAT.(2x),  STUDENT & ENROLLED' / 2%|, JoHN F. KEMEDY. SENIOR. nzc-n se
et i}c},o.t. ) 2K, P ROBLEM S0LVILNG-CRMPATIER STYLE »l, 22, sUNMER (1956 Y/
L ieanl-(z, D Cenami(z ), e namz(x), Qﬁ;&}}ﬁ(i—-):sn»‘mz.u_ ), Api (1Y, Avna2) (f) D
— laCrY, a4l (1), 21e(t TToed M) ] .
3| lrarMax (24, .445,1/ 2x AAS_,Z,‘.ZL,_“JﬂELM olri £ans Loz szaNa’, 24, A5, A1)

S CALLLEXLT ol e e e
e JEND i .
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H. A PROBLEM HAVING A SPECIAL EXIT FROM A LOOP

. Problem. Write a program which will examine a list of 10 numbers representing debits and credits to find
the first location in which a credit (negative number) is found. The location of this number on the list and
the number itself are printed.

(3]

Solution.
a. Flowchart

Read 1=1,10
A(L)

l_

Write
No
‘CREDT‘I Credi.:s
Write Z

A(T),
CREDT
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b.  Coding form

IBM ' . FORTRAN Coting Forin ~ i e ‘
FIRST CREDLIT ... . . ! -

FURIRAN wTaEAENT
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¢. Printout
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Aruitoxt provided by Eic:

ERIC |

A,

FORTRAN LANGUAGE

Unit VII

FUNCTION SUBPROGRAM

[\

3,

When a function is to be used repeatedly in a program, but cannot be expressed in a single FORTRAN
arithmetic expression, a function subprogram can be written, stored on the disk. and used in the same
manner as a library function, or an arithmetic statement function.

Form
a. FUNCTION Statement — The word FUNCTION followed by a function name, an open parenthesis.
a Jist of dummy argumenis separated by commas, and a closed parenthesis.
FUNCTION DIST (A,B)
(1} The name has 1-5 alphame: ic characters, the first of whieh is alphabetic,
(2) The modz of the FUNCTION is implied by the first letter of its name.
(3)  Arguiments @
(a) The argzuments need not agrec in mode with the FUNCTION.
(b) The arguments are dummy variables. Their vab- is not defined in the subprogram but will
be supplied by the statement in the main progra... which mentions the function name.
b. After the FUNCTION statement any combination of program steps may follow to determine the val-
ue of a single result.
¢. A statcment must be included in the program steps that sets the NAME of the function eqlml to the
desired results.
d RETURN Statement
(1) The word RETURN
(2) The computer is told to start the main program where it icft off.
e. END Statement
(1) The word END
(2) Every subprogram must have its own END statemcnt.
f. 1f the FUNCTION deals with arrays, it must have a DIMENSION statement. This would be placed
immediately following the FUNCTION statement.

Execution — The FUNCTION is called upon by using its name in an expression in the main program.

WRITING A FUNCTION SUBPROGRAM

Problem: Although the 1130 library does not contain the arcsin function, a programmer solving trigonome-
try problems would probably have use for this function, Write a FUNCTION subprogram called ASINE
which will compute the value of THETA in radians for any known value of the sine of theta. Remember
that the-word SIN can not be used as a variable as it is a library function.

2 Solution:

FORTHAN €ading Furm

FUNCIT1IO0N A

LTAN=SIANGY,
ATHETA=ATAN(.T
ASIME~THE
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C.

PROGRAM USING A FUNCTION SUBPROGRAM

1.

)

Problem — Sides A and C of 20 right triangles ABC are known. Solve the triangles. Allow space for values
of A-and C below 1000 to the nearest hundredth. Print out the given information and the values of the an-
gles in degrees to the nearest tenth and the missing sides to the nearest hundredth. If A and C are ot feasi-
ble sides of triangles print out a message to this effect. Flowchart the problem first.

Flowchart

Start

g

Write
Documenta
tion

ulf

)

J

Change
Radians To
Degrees

N

Write
Column
eadings/

—/

[ 3 }
Read Sides

a, and c.
i 9nd ¢y

74



Change
A to Degree

— Compute

Angle B

Compute
Side b
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3. Solution
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8 FORMATI2Xs'C MUST BWF GIVEN, NO SOLUTION')
. GO TR L el SR Y
Q IF(CtINI=AL]I})10s1046
11 LuBITIF( 111t
11 FORMATI2Xs'C MUST RE GRFATFR THAN As NO SOLUTION')
a0 TO 20
& SINA=ALTH/CHRY - - TS T T ST mem e e
RANA=ASIMAISINA)
NEGRA(TI)I=DEGIRADA) e - - -
DFGRRIIV=30,=NFGRA(T)
R(Ii=SQRT(C(I)**2-A(I)**21 .
FIRMAT(2XsFBe295XsFR,297X9sF8, Zn54‘('F802'54‘(’F8 2)
. ?0 CONTINUE
- AL FXET e s e o e e
FNR )
“Fli‘gTURFS GHPPORTFD T - T T e B
CORF R"—'QUIPF“ENTS F’)Q SIHYP g
IABLFS 214 PROGRAM 290
FND OF (’OV‘PILATIO\J
/7 Te oo e e - -
*STORE WS JJA  SIMYD
CART ID 000) NAR ADDR 1FFA DB CNT 0015
... PAGE 1 . e e ge—— -
; . A
// JDR o P
LOG NRIVE - CART SPEC CART AVAIL PH4Y DRIVE :
()OO G031 o1 0009 o B B
) ? VOS ACTUAL 8K CONFIG 8K
/7 FORT oo o T - T o
* LIST SOURCE PROGRAM .
ANAVE ASINE
FUNCTION ASINE(STANG) o
TAN=STANG/SQRT(1.=STANG**2)
- THFTA"A FANETAN ) e e e e it
SIN .=THETA
e 2 RETURN S B} [ - .
- '\l')
CORF RFQUIREMENTS FOR ASIME -
COMMODN 0 VARIABLFS B PROGRAM 38
—END—OF -COMPILATION- -~ -~ - T
7/ _DUp _
*STORF N UA ASINE
CART 10 0onnl 0OR ADDR  200F (R CNT Qo0
// XFO SIHYP o _ _
G!VFN SOLUTION
e A C B . _ANGLE A _ANGLE B
44,00 9GO0 3%.¢0 53,12 ’ 16487
7«00 1200 974 35468 56431
. 3,80 freld5 517 24 .05 56 Q4
154,27 20001 127.29 5047 39,52
. 38,59 6275 49455 37.84 52.15
= G MYS T RE-GTVENs NO- SOLUT),‘()N — T - T e
U D SN RN o
T CTMIST RE GREATER THAN Ay ﬁ—g'O'LU'TI N7 T e e e e
184,00 276400, 20571 41e.81 48418
1o . AN e V- aYal 3l-17 29 .99 —5-0-+-00-
14,00 1R8.00 11431 51405 38.94
' 532100 783230 5766492 42.79 47.20
I — 00— 582 e 00— 56 20 R O I -3 -1
. 20,00 30400 22436 41481 -48.18
L 1200 = 5600 56469 1237 _ 1762 ..
4%537,00 4561400 513.51 83,53 6046
AQ40N 85700 847,433 5499 8400
_4n,an _Jan.0n 195,95 1le53 2a i
6900 B.00 60679 46491 43,08
—PAGE T = . —_— ——
A1 Jon L
LOG" DRITVE CART SPEC CART AVAIL PHY DRI\!E
00N 2301 nHol
V? "’05 ACTUAL 8<  CONFIG BK .
/7 DUp )
T HDFLFTE T TTTASTINE T T :
| CART IN nnn} DR ADDR  200F OB CNT . 2004 .
*AFLFTF SINYP !
CART ID !)Oﬂl_ D] ARDR 1FFA 2R CRT Q015
O
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[ Sl

HOW

1. The

TO STORE A FUNCTION SUBPROGRAM

deck for the subprogram muy be placed after the END card of the main program.,

2. Regular control cards precede the FUNCTION subprogram deck.

a.
h.

C.

// JOB
/] FOR
°LIST SOURCE PROGRAM (optional)

3. Special ca ‘hich are needed to store the function subprogram on the disk.
3. Sy ! cards which ded to store the funct by the disk

d.

// DUP

This is a monitor control card which activates the disk utility programs which, accomplish storage on
the disk.

*STORE WS UA NAME

Spacing on the storage card must be exactly as described. *in column . STORE in columns 2 thru 6. 6
blank spaces, WS in columns 13 and 4. 2 blank spaces, UA in columns I7 and IS, 2 blank spaces,
NAME (the name of the program, formulated by the programmer in accordance with naming rules)
begins in column 21,

DELETING A PROGRAM FROM THE DISK

1. To keep the USER area of the disk from hecoming filled, and thereby unavailable, it is necessary to remove
subprograms when they are no tonger needed.

2. Three cards are needed to remove a program from the disk. They are:

HOW

// JOB

// JOB

// DUP

"DELETE ASINE

The FORMAT of the DELETE card must be precise, ° in column I, DELETE in columns 2 thru 7 and
the subprogram name begins in column 21 . -

TOSTACK THE DECK OF A PROGRAM HAVING SUBPROGRAMS

// FOR

*10CS.
‘LIST S

"NAME

OURCE PROGRAM (optional)
SIHYP

C TRIANGLE PROBLEM. A IS A SIDE AND C, etc.

(card deck for main progra:y)

END

// DUP
°STORE ‘ WS UA SIHYP
// JOB

// FOR

°LIST SOURCE PROCGRAM (optional)

FUNCTION ASINE (SIANG)

78



(card deck for FUNCTION subprogram)

RETURN
END

// DUP
*STORE

WS UA ASINE

// XEQ SIHYP -

DATA CARDS

// JOB

// DUP .
*DELETE ASINE

// BUP . N
°DELETE SIHYP 77

G. SUBROUTINE SUBPROGRAMS

I.

9

PN

i

3.

O

ERIC

Aruitoxt provided by Eic:

S
This tvpe of pmbram is similar in mfmv ways to the FUNCTION subprngram with one C\coptmn l)cmg
that it may be used to compute as many results as a problem may require.

The SUBROUTINE is used when aset of ()[)erzlfic)xlé which wilt be uscd many times is grouped together.

It is brought into use by a special statement consisting of the word CALL. the subprogram NAME, select-
ed by the programmer, and as many dummy arguments and variables as are needed to perform the conipu-
tations. The variables are separated by commas and enclosed in-parentheses.

CALL ROOTS (A,B.C) _ ¥

The SUBROUTINE is constructed using as many FORTRAN arithmetic Stdtl,m(.‘lﬂb o are n(.t,dcd to per-
form the desired operations.

A statement beginning with the word SUBROUTINE and followed by the name and its 1rg_,umcnts
must be the first statement. :
SUBROUTINE ROOTS (A,B,C)

The execution statements must end witha RETURN statement:

Every subprogram must have its own END statement. '

If the SUBROUTINE deals with arrays, place’a DIMENSION statemnent after the SUBROUHN
statement. - , :
COMMON Statement o '

“(1) COMMON statement is used to all()w the sharing ()f stordge between programs and sul)prc)-

grams, so that a value computed by a subpmgmm can become a part of the main program or of
another subprogram.

~——(2}--The statement consists of the word ( OMMON followed by a list ()l varlablcs OF array names, sep-

arated by commas. .
COMMON HI, .LOC .

(3}  Every COMMON statement usuallv has a countcrpart in-another program or subpmbmm

(4} The variables listed in the COMMON statement will share storage locations in the order in which
they are listed. If the first variable on the COMMON list of the main program is PRICE and the
first on the subroutine COMMON list is COST, then PRICE and (,Ob T will share the same stor-
age locations. - g

(5) Any number of progmms may have COMMON statements. .

(6) If there is no variable in the inain program to be shared according to the variable list in a subpro-
gram, the place or order in the list can be rctamed by inclusion of dummy v.mablcs as
placeholders. ‘ _

(7)  The COMMON statement is -placed after the DIMF\ISIO\I statement and’ must precede any
executable program steps. .
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H. WRITING A SUBROUTINE SUBPROGRAM

1. Problem: Write a subroutine that will find the highest number in a list of real numbers. The number of
variables in the list must be flexible, but the program must accommodate at least 500 positive numbers,

with a maximum value of 100.00.

2. Solution and flowcharts follow.

I. PROBLEM USING A SUBROUTINE

1. Problem: Sort a list of averages (real numbers) from the highest to the lowest using the subroutine HIAVG
to find the largest in the array. Place HIAVG in a new array each time it is found, and remove it from the
old array so that it is not used again.

2. Solution and flowcharts follow.

g

Dimension
AVG(500), 1 1=
AHILO(500) -

AHILO(J) =H1

-1 AVG(LOC) =
- . G,
|

i |

AVG(D) =
05 JlJ*l
—_ v
IsI4l




O

ERIC

Aruitoxt provided by Eic:

S

jubroutine

Dimension
AVG (500)

H

Common
HI, LOC

1

HI=
AVG(T)

|

HI=
AVG (T)
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PAGE 1

/7 JOR _

LOG NRIVF  CART SPEC  CART AVAIL PH
0000- 0001 2001

V2 "\ne ACTUAL BK CONFIG  RK

7/ FOR -
*10CS{CARDIDISK 91132PRINTER s TYPEWRITER sKEYROARD]
#L1ST SOUACE PROGRAM
*NAME ARILO
DI“ENS ION Avntsca).AHlLO(soO) R el
COMMON HI9LGC S
1 WRITF(3,2) : : ) .
FORMAT (2Xs'THIS PROGRAM 4ILL ARRANGE A LIST OF NUYBERS IN DESCEND
1ING ORDER,,UP TO 500 NUMBERS MAY RE ENTEREDe'e/9s2Xe’THE FIRST CARD
2 ENTERED COMTAINS AN INTEGER SIGNIFYING THE SIZE OF,THE. LISTe'/7/)
PO 40.121+500 . » } o : .
4n AVG(1)=0s
READ(293)IMg LAVG (1) 9l=19M)
3 FORVMAT(14/(2F1042) )
00130 J=1sN . .
CALL HIAVG(AVGL 1N}
, ﬁHgLO(J;=HI
Vv OC ) =!
34 contIngE=oe
WRITF{396) (AHILO(J) sJd=1sN)  °
4 FORMAT(2X+5F2042)
CALL FXIT .
END
uTnFFsRFNgED STATEMENTS- -
FEATURES SUNPORTED ’
Incs
CORE REOUIREMENTS FOR AHILO
co 4 RIAFLES 2008 PROGRAM 262
FND OF COMPILATIONM ’ : ' s
/7 BUP )
S TORS WS UA AHILO S . )
CART ID 00n1 ~ DR ACDR . 200A D8 CNT 0012 ] . , oy
PAGE 1 ’ —
17 JOR A
LOG DRIVE  CART SPEC: CART AVAIL PHY DRIVE T " A
5000 J001 0001 . 20Ho ‘ . N ;
V2 MO4  ACTUAL "8¢  CONFIG #K /
// FOR ° ;
¥LIST SOURCE PROGRAM
. SURRGUTINE HIAVG{AVGsN)
DIVFNSION AVG(500)
COMMON H]sLOC
HI=AVG (1]
£O 20 I=1sN -
IF(HI=AVG(1))5+5420 ) »
HI=AVG(I) e
SLoc=-1 -
20 CONTINUE
RE TURNM
FAD
CORE REQUIREMENTS FOR HIAVG
COMMON & UARTABLES 4 PROGRAM 60
" FND OF COMRILATION ' : v
// nup ) ) ) . ' - “ .“"’
*STORE WS "HIAV :
CART 5D 0001 05 ADDR 201c D8 CNT 0005
mentee PAGE 1 ' .
// JOR . '
LOG DRIVE  CART SPEC  CART AVAIL PHY DRIVE .
0000 o000l 0001 0000
'V2 M0s4  ACTUAL 8K CONFIG BK . ' ——
- & N -
// XEQ AHILO v
THIS-PROGRAYM WILL ARRANGF A LIST OF NUMBERS IN DESCENDING ORDERe UP TO 500 NUMBERS MAY BE EWNTERED.
THE FIRST-CARD ENTERED CONTAINS AN INTEGER SIGNIFYING THE SIZE OF - THE LIST.
100400 98450 97400 96433 9%
93,00  92.00 90,00 87450 83
92.85 N 8200 B8le50 81450 T4
. The o] 70000 69.00 63.75 63
62400 61.00 59,75 52400 N
77 Dup \ ; -

#DELETE HIAVG Y
CART 1D 0001 DR ADDR 201C DB CNT 0005

*DFLETE AHILO R : :
Q 'ID-0001 DB ADDR' 200A DB CNT 0012 . :

o
rorecrosieio enc) . : . 83




FORTRAN LANGUAGE
Unit VIII

A. DOUBLE SUBSCRIPTS

[ e
1. Toreview, subscripts are used to identify a particular vdriable in un array or alist of variables.

o

When there is more than one list in the array double subscripts may be used.

3. The form of a double subscripted variable name is the hame followed by a pair of parentheses enclosing
the two subscripts separated by commas.
LIST (1))

4. The rules for single subscripts apply also to double subscripted variables.

3. The first subscript signifies the position of the variable in the sub-array, and the second subscript signifies
the number of the sub-array.

LIST (5,2)
The variable is the fifth member of the second list.

6. A double-subscripted DIMENSION statement must be placed in th( program if a double subscripted ar-

ray is used.
DIMENSION LIST (10,4)
The statement would reserve storage for 40 values of LIST, 4 arravs of 10 values each.

[

B. MATRICES
1. A group of numbers arranged in a rectangular array is known as a matris. -

2. Double subscripted notation is used to indicate the positions of variables by row number and column
number A 3 x 2 matrix may be mdxcated as:

AL A(L2) . N
A(2,1) A22)
A(3,1) A(3,2)

e
v

The 1st subscript refers to the row and the second to the column of the array.

8.  Within the computer the two-dimensional array is stored in single array form as follows. A(1,1), A (2,1), A
(3,1) A (1,2), A (2,2), A (3,2). Each column is laid out in order before a new column is begun. Notice that
- wocthetlstsubscript is completely cycled before the second subseript moves up one.

i

4. 1130 FORTRAN also allows 3-dimensional array notation. .. - . e s
" a. Triplesubscripts are used to identify posmons :
b. The computer treats the 3-dimensional array as an array dmded into sub-arravs, each of which is also
divided into a 2-dimensional sub-array.
¢. The first subscript is advanced most rapidly, each time it reaches its limit the second subscript is ad-
vanced and when the second reaches its limit the 3rd is advan. ed.

R SURUNE 3

C. . DOUBLE SUBSCRIPTED INPUT/OUTPUT STATEMENTS ' s

I The FORMAT of the self-indexed input/output is:
READ (2,1 (AGE(L]).1=1,5),] =1,40)

BS




This FORMAT is precise, two open parentheses, the variable name, open parenthesis. two dummy sub-
scripts separated by 1 comma, closed parenthesis, comma, oge index definition, closed pagenthesis. com-
ma, second mde\ “‘definition, closed parenthesis.

2. The double-indexing \\'nrks like nested DO-loops, the innermost index cycles completely, then the outer-
most is stepped up by 1. and the innermost cycles completely again before the outermost steps up again.

3. The READ illustrated above will read the quantities in the following order:

AGE(1,1), AGE(2,)1), AGE@3,1), ... ... .. i AGE (5,1),
CAGE(1,2), AGE(2,2), .o AGE (5,2),
ACE(1,3), AGE(23), ... . U, ete.

4. Toreverse the order of reading an array the index definitions may be reversed.
READ (2,1 X(AGE(L,] ),_! =14),1=1,5)

Will read Values in the order: ‘ AN
AGE(1,1), AGE(L2). AGE(1,3), AGE(1.4), AGE(1,) .
AGE (2.1); AGE(22), ....... ST AGE (2,5)

AGE(3.1), AGE(32), ...................... AGE (3,5)

5. To write an array it is usually’ convenient to print a row at a time so the second subscript should be cycled
most rapidly. The same sequence as listed on the precedmg page in the READ would be used with the
word WRITE.

WRITE (3,1 (AGE(L]),] = 1,4),1 =1.5)

6. All variations of listing which apply to self-indexed input/output statements also apply if these variables
are doubled subscripted. :

D. A PROBLEM USING DOUBLE SUBSCRIPTED VARIABLES

1. Problem — The éum of two matrices may.be illustrated as follows:
k(1,1 k(1,2) k(1,3)

k2.1) k(22) k2.3) + , - ,
k(3,1) k{(3,2) k(3,3) . {

KL+ k(1L,2)41(1.2) k(1.8)+KL3) - | ,' .
2 DHER 1) k2.2)+12.2) k(2.8)41(2.3) :
k3, D+18.1) k(32)+1(3,2) k(3.3)+1(3.3)

Write a program that will add two 5 ¥4 matrices.

2. Flowchart

86




()

Write J
L(1,J) I

J=1

-
M(I,J)=

K(I,J) +
L(I,J)

I=I+1

87




3. 'Solution...

T FORTHAN fodug Fara

B

e epee e emem et

~mm1"_.;jiff P

FORIRAN AT

4. ; Printou.t

DAGF 1
rJoR N

. CART .SPEC
0051

ACTUAL . 8¥

LOG NRIVE
onnn’
Vi Mna CONFIG

// EOR

*1NCS(CARN, D
* LIST SOURC
e PROGRA?

Q

I SK
E P
MOT
DIMENSTON 4)9 L(59
100 RFAD{?2+1) sJ)ed=1lo
1 FORYAT (411 o
- D03 =145
NO 3 J=ls4
M{TeJ)=K({Tedt+L{T o)
— 3 CONTINUE .
WRITF{342)((K(TeJ)eJ=1
72 FORMAT(2X94110)
WRITF(345). - ‘
S FORMAT(///)
WRITF(3e2) LIL(Tsd)d=1
CWRITF(345)
- UWRITF (39200 (M{Ted)eJ=1
WRITE(394)
4 -FORMAT(//7/7/77).
- a0 TO 100
111 CALL FXIT
- END T '

JCART
7900

[l o

?VAIL ' PHY

K

’ \’1(

o

b4) 212145)
Y4)el=195)

i

DRIVE

0009

)
s l= 195}9((L(19|J)sJ 194)01-195)

TR 2iCiLs A' n.zn.l.Lu_r__acu _Ri;lltLT_S..,....T...L_._., o N
A ) e mlsl,a) L L ' ; S
- sl - mm¢LJ, Y oInls s)(cL(La).J a4y, 1 zs) . ;
_ AT, (41‘10) . U Do ‘ :
. po .'3;._-::1,15 R . o ; Lot
i TS I W S S NN S SOOI IO . ; )
SRR Y SR I xlI-;J.J.;f (:x ) 1 , | SN ECHI Lo —-
© . 3 CONTIINUE. AN TN NI NS I i -
L iwrr e (3,20 ((K (1 J),IJII _4),'.:.;_1-,.5)-._. RS B '
2 ronmm-(zx AT1G). - .. JEES DO A S
 WRITL(S,S5) . .. ! U AR
s By ‘conant(//7) | . I . . . ‘ _
e oo iwerTe(s3, I)C(LOI. Jl .L.'L.ﬂb., aosy b oo S
T T emrwi (3 8Dl S S, e e : .
: -%Maxr;(;,a)((nﬂl J),U!J,A)flil,S)'i : U | : ‘
.. . WRITE(3, 4) R _ , ..
& gormat(// 0007y o L e . _ :
CI60 T 100, e L] b ) : o C e
CLLLCALLL EXTT ] e e - L Ao e
SRR 37\Y2 S8 AR AR DS I N o | . O SR AU S A
R 1T T { T ; ! =
N .. . B - ! -_? - = : L. ——
iJ_,\_ - -y i ;A ' e ; R i o 3 .
e — 1 (. ! {L ]‘ L —_



LJ?‘F{%FFRFNCED STATEMENTS -
FEATURES SUPPORTFED
- I10CS

CORF REFQUIREMENTS FOR

COMMAN A VARIABLFS 126 PROGRA¥ 788
EAD OF COMPILATION |
/7 XFO

- ) 3 9

f -1 2 3

2 4 1 3

-2 =1 4L Q

f\ 5 /+ 3

-3 2 1 2 )

2 7 5 3

-5 -6 -7 -3

4 5 9 3

1 2 1+v 3

-7 10 4 9

1!4. F) ,% R

> -2 -6 -5

> 13 12 12

7 7 g °

E. MORE DO-LOOP PROBLEMS

1. Although a plotter is available for the IBM 1130, satisfactory graphs can be nroduced by using the double
subscripted variables and nested DO-loop facilities of the computer.

(4]

Preblems
a.  Write a program to produce a graph of a lmedr function of the form v == ax+4 b, for values of -30£L XL 430
at intervals of 2,
NOTE: BLANK, DOT, STAR are 3 alphameric variables which are cntcrcd on a card, the first
_column is blank, the second column contains a period, and the third contains un asterisk.
(1) Plan for solution.
(a) Read alphameric charaeters and variables a and b.
(b) Filla61 x 61 array with blanks.
(¢) Fill column 31 with dots,
(d) Fill row 31 with dots.
(e) Under control of the index of a loop (1) set up values of x from -30 to 430 at intervals of 2.
(
(
(h

%)

I
f) Computey from efeh value of x.
g) 1 yisgreaterthan 131] the point will not be on the graph, so try another value of x.
) Iy is less than |31 determine its location on the graph, and find the subscript correspond-
ing to this location.
NOTE: Adding 5 to the value of y before changmg it to an integer to represent the subseript
has the effect of rounding-off the number e.g., if y = 7.3 adding .5 before the 1FIX vields
7.8 which is truncated to 7, if y = 7.6 dddmg .3 gives 8.1 which'is truncated to 8 by the
1FIX. '
(i) Set the point determined by (x.v) to astar,

Q (j)  When all possible values have been calculated write the GRAPH array row-wise.

LRIC
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(2)

)
I

J=1
GRAPH(T,J)=
BieNK

GRAPH(I,31)
=DOT

J=l

GRAPH(31,J)
=DOT.

no

X»FLOAT(I-31)

J=
TFIX(31.5-Y)

:

GRAPH(I,J)=
STAR

=142



(3) Coding sheets
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’ »
Using the same tcchmquc as in the preceding problem plot the graphy of ¥ = sin (x) from 0 radians to
115 radians at intervals of .2 radian. .
NOTE: Since the sine never cxceeds| 1], do not use a square array, a rectangular array will allow
120 spaces along the x-axis. A 21 row array would allow for values of the sine at every teitthiffom -1

to-1.-
(1) Solution: . . . .
Follow the same plan as in the preceding problem, first resérving Space: for the array, then filling
it with blanks, and then filling the axes with dots. Compute values for the sine of x for every value
of x from 0 radians to 11.5 radians. Round off the value of the sine to the nearest tenth and use
this value to find its position in the array. When all values are computed print the array row-wise.
(2) Coding form.
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F. SPECIAL FORTRAN SUPPLIED SUBROUTINES

1. SLITE and SLITET — These subroutines simulate the testing of lights that can be turned on and off and
tested by program statements. The lights do not actually exist on the 1130, but the program may use the
subroutines to produce the same effects as if they were present.

a. Tor ake use of the SLITE subroutine the statement,
CALL SLITE(I)
is used. “I"" is an integer variablu which may only have the value of 0, 1, 2, 3 or 4. If 1 = 0, all 4 lights
are off; 1fI = 1, light 1 will be tus.ied on; and so on. .
b. Totest the status of the test lighis the statement,
CALL SLITET (I,N)
might be used "“I"" is an integer variable which may equal 1,2,3 or 4 and N is an integer variable which
may equal 1 or 2. This second variabte N will be set to 1 if the light (1) is on and 2 if it is off. If the
sense light that was tested was on, it would then be turned off after the execution of the subroutine.
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Overflow and Underflow : ]

a.  When a number:becomes-too large to be handled by the computer, a condition called overflow exists.

A number that is too small, a decimal fraction with too many zeros between the decimal and the Ist
 significant digit, causes underflow. These conditions may be tested by a subroutine called OVERFL.

h.  The form of the statement is — :
CALL OVERFL (1) ’I,.— o g O
where | is an integer variable name. When an overflow exists, I is set to 1, when an underflow exists, 1
is set to 3, when neither condition exists, L isset to 2,

¢.  Execution of the subroutine includes resetting the computer to a no overflew condition.

d. A computed GO TO is usually used after ax overflow fo direct the computer to various error messages.

3. Division by Zero ‘

a.  An attempt to divide by zero will cause the computer to indicate a " divide cheek.” However, the pro-
gram is not interrupted, but continues as if the division had been completed.

. To check the status of this “divide check™ indicator, a subroutine DVCHK (1) has been supplied by
the manufacturer.

¢. Thestatementis

CALL DVCHK (1)
where 1 is an integer variable which will be set to I if the indicator is on and 2 if it is off.
d. Asis the case with OVERFL, the subroutine resets the indicator to an off condition.

ERIC
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o " PROBLEM SUPPLEMENT
Algebra Section 1

TWO-POINT

This program will determine the distance between any two points provided the rectangular coordinates are known.

VARIABLES

X1 - the X coordinate of the first point
Y1 - the Y coordinate of the first point
X2 - the X coordinate of the second point

Y2 - the coordinate of the second point < Start )

Write
Proggam
escrip-
tion

N (]
Read
xl ’xz ,Yl’yz
y
DIST =
. Z Z
JGemx) "¢ 7y
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THE SQUARE ROOT OF COMPLEX NUMBERS

~ This program determines the square root of complex numbers by the algebraic process of equating YX+Yi to A+ Bi

squaring botl sides and equating the real parts and the imaginary parts. The resulting system is solved by the simulta-
neous method for A and B. A considerable amount of the solution must be obtained by algebraic methods before pro-
gramming is begun. The algebraic solution follows:

X+Yi
Xevi
(1) X

Yi

(2) Y =

A+Bi

A2+2ABi-B2

22-p2

2ABi

2AB

A

h
2B

(X

4B2x

108

4B2X¥4B4
4ﬁ4+4BZX

B*+B2x

z
B44p2x 45
A

+Y2
12

&

2 2
Y X
— o
4 4

g2 +x2




T e A

VARIABLES

the real part of the given number

the cocfficient of the imaginary part of the given number
the real part of the solution

the coefficient of the imaginary part of the solution
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DIVISION OF COMPLEX NUMBERS

This program determines the quotient of two complex numbers.
Multiplying the numerator and denominator by the conjugate of the denommator must be accomplished prior to
writing the program. -

. . atbi
cedi

atbi c=di _ (acebd)s(bc-ad)i
ctdi © c~di c4¢d4

rtei

r o actbd -

c2+d2

bc-ad‘1 .
czf Z
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- real part of numerator

- real part of denominator

coefficient of imaginary part of numerator

- coefficient of imaginary part of denominator
REAL - real part of quotient

EMAG - coefficient of imaginary part of quotient
DENO - denominator of quotient

UUJ(')>
L}

VARIABLES

( Start ’

-\

Read

{—_ a,b,c,d

INUM=
ac+bd

ENUM=s
be=ad

DENO=

2442

REAL=

RNUM
DENO

Last
Problem

yes

End




IBM FORTRAN Coding Form
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et e e ITERATIVE DEMONSTRATION

B

T his program is a most powerful tool of the programmer and demonstratcs clcarlv the ‘replacement” value concept,
of computer programming. "The techniqué can be found i in m()st manuals.of pr()g,rammm;3 - s
Given an equation such as:

8 -4 = 2;
' .Se't cach side equal toy:

vo= 3x .é' 4 ’ A .
Sketch a g,;aph with l)nth equations on the same sé:t of axes. The vinters‘cctiona(?f:t‘hese gr_aphs. s then considered to be an j

: appr(mmatmn of the solution set of the original equation.
Partlall\' solvmg’ the original equation by normal algebraic methods v1elds

JZZ+4

,*" - : (XNEWS

The appr(mmatl()n which was found on the g_,raph is used to compute a new x~The'two values of % are then comp.n‘cd
If the difference between the two is more than a predetermined TEST value, the new x is Gsed in the expression to eval-
uatc another \\IEW and the process contlnucs untll a value equal to or smaller than the TEST constant is reached

[mc o

o - : T2

-




The value of this program can be demonstrated by changing the equation card only, and the input x value to solve

cach.of the f()”()\\'ing:

X = .2E'5x
X = cos(X)

sin(x) = log)p(x)

N
Start )

\

Read X

TEST =
ABS (X~XNEW)

JEST-.00005 X=XNZW

Write
XNEW

End
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. FORTRANM Cudmu Formn -
ITERATIVE _)kmowﬂzaf/o/i&/ — - L

FOFIRAN STAIEMENT

K READ @ d)_o&__l R
i FoRMAT L /a1 =
. 5ol IXNEM:(S4! T(Z . %)
e JTESTABS.GX-XNEW). | o
i LU FCTEST= J00 0051 )25, 21573
35 Xz XMEW | L

Piiiico Ta 5o L
251 WRyme (3, ?J,XM. ARN I
4 ’Fommr._“(:x_,”A__ JALVEL 0F K-
| EXLT

70 7).

1 3 3 ¢ ) 5 L 2 Do B0 b 1Mo 8 13 1% A W e 7 i L AT A 4 A1 2838w 3 de 4 50 %0 1 33 4 1 S didese ZBY 40 81 a3 nr o 8 68 ob 09 fG #0 5 [TI TR Lot T T) 9 W
PRy Iy 3 y—_ B T
.
e
————
i
' i SOR T'LIST

l‘hls program will sort a list of numbers into ascendmg order It accomplishes_this by comparmg ad]acent numbers
- andf rearrangmg them if they are out of order This is an important technique in programmm;, :

o
e

g =

VARIABLES )

- the number of numbers in the list
A - the actual numbers comprising the list - :
SAVE - a variable needed to keep a number when its order is being changed. It would otherwise be destroved when
another number is moved into its place: - - :

__————\._ . . .
Q . . ” v
. . 114
-ERIC ' o :



< Start )

Read

Read

A(D) I=1,N

J=1

K=N=-J

+ SAVE= A(D= A(I+1l)=
(I} -A(It1) | A(T) 1 A(Tel) ™ SAVE

- no
I=141 IaK

yes

no
iy J=J+1 J=N

yes

‘I=1,N
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SORTLLST e e

gt o een ama s e et s

FORPUAN SIATEREMT

POl

JTHLS| _EROGAAN Wi slonT A -Lin_gsi_;o,;# ma;zin_l INTe ASelEND W

e L IDLMEINS 10N AC o0 0)
| JREADICZ DN 1L
1{'IFORMAT(Iq)
L lIREAp (2, 2)|(ALT
o RFORNATILLLFG. 3D
Jpe slo T, M.

DU R

n_o,,!io T=) )

.. i hFCaczy-a

L300 SAVEI=ACE) . e b
L ALTYEACTHLY ]

e ] BLTI) SAVE L

58 cenvThovue |2 L

08l WR)ITIE(3) 3) (ALT

3| FORMAT(10F o,

G ALLL EXIT] ...

| T 4

DISTANCE FROM A POINT TO A LINE I

Because this program gives the appearance of being relatively short and'simple, it has the effect of impressing stu-
dents who follow its development. :

It demonstrates vividly the advantages of simplifying all algebraic equations and combining them where possible so
that the complete program consists of 2 minimum number of statements. '
* The system — . i ; .

A2x+Bzy+CZ:O

x+Bly+01:0

-

was used and 50]\ ed for x and v. The relationships used in the pmbmm were derived from these solutions.
- The steps include: A ' :
L. Determive slope of given line. Sl()pc 1% 3 v : :
. B B
l U
2. Using this slope determine the equation of the line passing through the pomt and perpendicular to the given
line. (The slope of this line is the negative mult:pllcatne inverse of the slope of the'given line.)

" Slope 2" K._
A .

3. Determine the point of intersection of the two lines. (Solve the svstem for x and v.) -
4. Lsm;, this determined point of intersection and the given point, find the (lnstance betw eenthcm

J;Z-xl)2+(y2 yl)z .
. ' VARIABLES

Al - the coefficient of X in equation 1
Qo \

ERIC =~ - - S : | . 116

Aruitoxt provided by Eic:



o . , @
A2 - the coetficient of X in equation 2

Bl - the coetficient of Y in equation 1

B2 - the coefficient of Y in equation 2

C1 - the constant in equation |

(2 - the constant in equation 2

XANS - the x coordinate of the intersection of the two lines
YANS - they coordinate of the intersection of the two lines
DIST - the distance from the point to the line!

( Start )

1
Read

A1,B1,C1’X’Y DIST:

l (xaNs =) 7+ (YANS-Y)

no

C2:
A1Yfle

XANS=
B1Cy-B,C,
A1B2-A,8;

YANS=

AZBl-AlBZ




IBM : ) : FORTAAN Coding Farm

FORIRAN STATEMENT

nics| PROGRAN 0ETEAR: NEsl T
READ|C2, 5)/A1. B ‘cgu,__x Y
|FORMATCS AT Q)L i
e AREB b e S
b B:’"A] y O i R S

€A RY =B RX i
L XANS|=(B18C2=BRn C 1) /(A ABA=AZNB.
e LY AmSi(AInCA- AN L) /(AT RBIIS AL
b LD LS T SORTIU (X AMS= X)X (YANS YRR 5 1)l o
' _WRITE(3, 9)DI6T ............. SRS AU RO N

L 9 FoRmaT(ax| "0) stA.e/,'f_-.z.,.:-__*).F?,.._:_)_.. NN PSRN N N

eh ]

( B [ s - s = 2 4
———
¥

SOLUTION OF QUADRATIC EQUATIONS

This program will solve any quadratic equation, including those with imaginary roots, provided the coefficients
A, B, and C are properly entered.

VARIABLES

A - the coefficient of X squared

B - the coefficient of X

C - constant ,

DIS - the discriminant, b*-4ac B N St T e

REAL - the real part of the complex solution : '
. EMAG - thecoéfficient of the imaginary-part-of-the complex solution

e

118




Write b ' X1= :P%@E
7 i =2 | l/ a
RE!}L{EMAG : REALz=z 5a EMAG=|/ABS (DIS]
AL-EMAG . x2- =b=/DIS
© 2a ,

—

' X Write

X2
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*_,A__,«SOLuTIOJV*,O.E-AHQLIA‘M\AT!C Lqu.\ ~_~___"

=TT

[ : FORIRAN STATEMENTg

c__nus_ T ROJGRAN WIiL SOLV.EL ALL_|QUADRIATIC EQUAT10NS : N L
10 RedDL(2, 1A, B L A N ‘ il
e ALFORMAT 302 L . N SR D
L UWRITE(3LA2YA B C b : i
oAt FoRmAT(/ /I, Tr0. 2, Cxalxar ! lFr0. 2],
e e LELAD 6., 5,16 .
R WRITE(3, 2D & .
R 2| oem’r_,( 2.X|4.-NOT .A.A...-Q\x.AD.RA.Il,C.__-.LQ
. H R ..O o I
=iBse2=t4 Oapbe e |l et
(=B esarr(rL PRV V/2 I YY) N I R B
== SQRT.( DL / (12.0%AN. _ ‘ '
TIEL 3,301, X -
MAT( 2], Y12l
=(-B)/(2.0%A) | .
\Gl=saRT|[(ARS ((Disd )l .
e (3,4 ) REAL EMAGL, REALL EMAG .|
AT ( 2X,. X1 = Faol.2; vl Faal.2
0 ‘;1.0._. ~-_._.; . : i " s I . . . U U,

JEPUURUNGY O USpUII) IS SRS (RO (PSR SOOI J O oy
L PO
H .

" LOCATION OF REAL ROOTS (SUBROUTINE)

The subroutine finds real roots between 2 points (XO,H(X0) ) and (XL{(X1) ). This is accomplished by bisecting

the interval XI,XO, and evaluating at the new X3. If X3 is within .00005 unit, it is declared to be the real root. If

_not, a-product lcstm;,’fhllo!ws A positive product for X1°X3 indicates that the real root lies between X0 and X3.

. _Theréford.the new X1 is X3, and the bisection is-tepeated. If a negative pr()duct for XI° X3 is determined, then the
rcal root lies between these 2 values and-the'new XO is X3.

VARIABLES
e No=.number of terms in the polyndmial : .
A(N) - coefficients of polynomial ' ‘ ‘
" XO - upper limit of interval containing real root .
XI - lower limit of interval containing real root
X3 - anevaluated intermediate term hetween XO and X1
J - acounter index S
Value (A,XI,N) - another subroutine which cvaluates the polynomial at X1
- . — - N
[
) [ sty
O

ERIC . )

Aruitoxt provided by Eic:



From
Main
Program

Call Subroutine
LOCAT - LOCAT
—

(N,A,XO, (N,A,X0,XI,
XI,R¢,J) / RX, J)
Ah‘ ]
Continue
in
Program J=0
';,7/':..? 1
X3=
- (X0+X 1)
2

X0=

End

X0+.00001

Return

RX=
500

121

X0=
X3

XI=
X3

I
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e 1t ,

s |5 4 ’ - FORIRAN STATEMENT

ST

EI T R TN M U O NN N

W e s

ﬁd-ﬁxfi-; ) e L
325,20, 25 | S —
Xor.oooa | S R I

| 3 1 4 seefr B & 13 ¢
A s rd ok o, Lo 020 0 SBGLLF, 0
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PROGRAM GRAPHING

Although a curve plotter is available for the 1130.computer, this program is included as a demonstration for plotting.
- Double subscrlpted variables.(IP) are used to identify points of a 41 x 41 array. This matrix is first filled with blanks,
then positions’which will represent the x and y axes are filled with dots.. Integral pairs which satisfy the equation are
shown on the graph as asterisks. For this program, coefficients of the polynominal (quadratlc) ax? 4+-bx +¢=0 are read
into the program. This equation is evaluated for integral values of x from -20 to 420. Resuits of-this evaluation are
‘compared with each of the ¥ coordmates between -20 and +20 which might be palred with the x’s. If the result of the
comparison is 0, the pair represents a point on the graph of the equation and ancasterisk is placed in storage for this
point. Finally, dsing a self-indexed WRITE statement all values now occupying the matrix are printed. By changing -
the anthmetlc statement ‘which evaluates the equatlon ‘and changmg the statement whlch reads the coefficients ac-
cordingly, other equations could be plotted. : .

The input card contains a blank incolumn 1, a period in column 2, and an asterisk in column 3.

Separate graphs, each ona fresh sheet of paper, will be produced if several cards are used for dlfferent values ot a, b,
and c.

Space for the array 1P is reserv ed b\ the NTEGER statement rather than the usual DIMENSION statement.

VARIABLES

A.B,C - coeff:ments ofa quadratlc equatlon
X.Y - coordinates of points on the g Braph
o " BLANK - analphabeti¢cblank - -~ . ' .
.. ...DOT - aperiod R . B
) " "AST - an asterisk . : . o O
1P - points of a grid. ' ' :
P - value of the equation =~

RO A - e provided by Enic . . . . . . : - i



‘ Start ,

Read j\
BLANK, DOT
AST

K

2
[ AT
=

= N+1

IP(N,21)=

©
J

IP(21,K) =
DOT

K

= K¢l

DOT

N = N+1

123

2
o
=

N-21
21-K

S

"“""\ZP =
- AX=+BX+C




IP(N,K) =
AST

=z
1]

N+l

-
1]

b ¢

41

yes

Write
IP(N,I)

Skip to
New
Page
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TEST

A useful demonstration for any type of class, this program is presented because of its versatility. It is not actually de-
signed for serious testing, but rather as a demonstration-that is easily understood, but is of a serious nature. It was first
written for mathematics classes, but later was used in social studies, english, and music. Substitution of appropriate
questions for the discipline desired, in the correct order is all that is needed to adapt this test to another subject matier
area.

PAGE. 1
// JOB

LOG DRIVE CART SPEC CART AVAIL PHY DRIVE
0000 0002 0002 ' 0000

R .
( R+KEYBOARD91132 PRINTERsDISKsPAPER TAPE)
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KEEP UP THE GOOD WORK!')
F THIS IS THE LAST PERSON TO TAKE THIS TEST ENTER THE
’

XIMUM VALUE OF THE FUNCTION IS 2'//)

S
PASSED»

69+¢68
GRAPH 1S SYMMETRIC WITH RESPECT TO THE Y=AXIS'//)
271970

[ ]

CORE
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10CS

764

PROGRAM

VARIABLES 10

END OF COMPILATION
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PROBLEM SUPPLEMENT

Trigonometry Section 11

POTRE

R and THETA must be given and the X and Y coordinates are found. This simple program is easily understood by
beginning trigonometry students, and can be programmed with only a minimum of practice in FORTRAN. 9 FOR-
MAT provides for spacing between answers.

VARIABLES

R - polardistance
THETA - direction angle in degrees
RDINS - radians in theta

X - abcissa :
Y - ordinate Start
y

Describe
Program

W

Read
r,0

Change

Degrees
to

Radians

X= r cos 6
y=r sin 6

Write
X,y
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Renp|(2, 2)

&, THETA

| wei7le (3,9

Tel3, 0K, Y.
7.(\ THE RecTaN

)

CULAR

ook

pinatles aee (7,

2 [FoemaT(F o ¢, Fs. |) R —

i DuM|sTHETAY 3, 1¥2 L/l vo., g Ll i
=RAcos(Rpyws) o) o o] S IS B RN
e W RESIH(RIP s 8] i RS I I RN RN

. __:9;_&.0_5._ w1 (1/111) o ] 1
Eo Tio &e | i : L
Leoo3olleald ExaTl L oL . i FR ¥
IR 1) - - . S R S
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RN B AU S SO S SRR ST RSO S ‘ -
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I u“uwlAm.:;$ - , . TERANEE ENRENE
- . ' - . . ‘} O S S . e
. J . § . JUURUNN SO SEUTUUUNS AU U - I

S — rm ——1 - .

LISCO

This program illustrates input by a DO-loop. No data cards are required. The library function COS is employed. All
the trigonometry required is knowledge of the meaning of the cosine and changing from degrees to radians. A good
point to emphasize is the fact that the word COS cannot be used as a variable name, because it is the name of a library

function.

N - number of degrees in angle
X - real number for number of degrees in angle
RANG - radians in angle
C - cosine of the angle

VARIABLES

130



4

Initialize
N =1

‘Change to

N =N + 15

real no
X =N-1

Change X
to radians
(RADX)

| c=cos (raDX)

\ e /

no

131

Subtract 1 to start
values at zero

Computer uses radian
measure
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TANCR

This program is similar to PROGRAM LISCO but since the tangent is undefined at 90°, provision for a message to
this effect is necessary. This is an easy program and could be assigned to be written by students after they have been
shown PROGRAM LISCO in class.

VARIABLES

X - number of degrees in the angle
RANG - number of radians in the angle
S - sinex

C - cosinex

Y - tangent x

O ®
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Describe
Program

Initialize
N=1

Change
Degrees to
Radians

!

S=zsin x
Czcos x

N=
N¢15
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LAW OF COSINES

This is an extremely simple program using simple arithmetic statements. However, the introductory statement in 10
FORMAT requires more spaces than can be used on one card, so that the use of column 6 for continuation of longer
statements is illustrated. 40 FORMAT illustrates a method of spacing between problems.

VARIABLES

B, C - givensides

ANGA - given angle in degrees ' Q
RANGA - radians in given angle :

A - missing side

134




( Start >

Describe
Program

L

- Read
] B,C, Angle A

J

Change
Degrees
to
Radiansg

L

“ b ¢cs=-2bc ?bs A

; 135
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RETOP

The X and Y coordinates of a point are read from cards and the polar distance (R) and direction angle (8) are comput-
ed. Most students are familiar with angles measured in degrees in the early stages of the study of trigonometry. Howev-
er, the ATAN function produces results in radians and only for the principal values of the inverse tangent(-®to+ ). An
excellent opportunity for practice is realized by having the program convert the values of the ATAN to the familiar
measurements in each of the four quadrants. The signs of the coordinates in each of the 4 quadrants are checked and
appropriate quantities added to produce angles between 0° and 360°. Quadrantal angles can be handled in the same
sequence. e

e VARIABLES

X.Y - rectangular coordinates
R - polar distance
THETA - direction angle
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Describe
Program

*| Read X, Y

Radians =
Atan (Y/X)

]

Change
radians to
degrees

]

THETA =
THETA 4 180

THETA

270 THETA = 90

THETA =
THETA + 360
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Write
R,0

IBM FORTRAN Cading Form
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PROGRAM MISFOR

This program is suitable for use in the early stages of b th trigonometry and programming. It is similar to the pro-
gram REFOR, but unlike it, in that datz must be entered ¢ 1 cards instead of on the console keyboard. It could be useful
as an assignment — after the demonstration program REFOR has been used. One ambitious student combined MIS-
FOR and REFOR so that the new program could handle both types of problems. The radius vectors and direction an-
gles are first changed to complex numbers and then subtracted. The missing force is found as a complex number and
then changed to polar form.

VARIABLES

RR - the polar distance of the resultant

FR - the polar distance of the known force

RTH - the direction angle of the resultant in degrees

FTH - the direction angle of the known force in degrees

RRTH - RTH in radians

RFTH - FTH in radians

RX - X component of the resultant

RY - Ycomponent of the resultant

FX - Xcomponent of the known force

FY - Y component of the known force

F2X - X component of the missing force 3
F2Y - Y component of the missing force

F2R - the polar distance of the missing force

F2TH - the direction angle of the missing force in degrees
RF2TH - F2TH in radians
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FZY - 'ly.
Read . RY - FY &
@"""‘“ RR, FR
RTH, FTH |
) F2R =
Change ﬁ_z—_.
RTH, FTH 2x%4+F2v2
to Radians
Y
)
F2Y
TAN= =2
RX n sz
RR X cos (RRTH)
RF2TH = .
FX = . . tan~l TAN
FR x cos(RFTH]
]
Change
RY = RF2TH
RR x sin(RRTH) to Degrees
FY =
FR X sin(RFTH)
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RITRI

To practice the technique of using subroutines, students wrote program RITRI. Most of the techniques had already
been covered and this was the culminating activity for some students. Others wha were more ambitious wrote similar
programs for the solution of any triangle. This program clearly illustrates the nced for flowcharting, as well as control

_cards needed for naming the main program, and for storing and deleting the program and the subroutines.

SUBROUTINES
A. AOPSI

Subroutine AOPSI solves for the missing parts when an angle (ANGX) and the side (X) are given. The values
which are used in the subroutine are those values which are listed in the CALL statement. The results are re-
turned to the main program so that thev can be labeled properly in the printed output.

»
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ANGX - given angle (A or B)

X - side opposite the given angle (a or b)
ANMIS - missing angle(BorA)
RANGX - radians in angle X

HYPOT - hypotenuse (c)

SIMIS - missing side (bora)

VARIABLES

142

( Start )

ANGX

From
CALL

ANMIS =
90°-ANGX

HYPOT =
D . SR
SIN(RANGX)

SIMIS =

\ HYPOTZ-XZ

Return

—



B. SIHYP

Subroutine SIHYP solves for the missing parts when a side (X) and the hypotenuse (Z) are known. The dummy
variables X and Z are replaced by the values used in the CALL statement,

VARIABLES

«X - givenside (aorb) ' ( Start >
Z - hypotenuse (c) o

SIMIS - missingside (b or a)

TANA - tangent of angle opposite the given side (A or B) - .
BANGA - radians in angle (A or B) X,2
ANMI1 - degrees in the angle oppuosite the given side (A or B) From
ANMI2 - degrees in other missing angle (Bor A) ——€ALL

!

SIMIS =

‘ | | Jz22-22

ANMIL1=

D

(RANGA)X180°

SR

ANMI2=
900-ANMI1

O

Return

A | ( End

‘ . 143




C. ANADS
Subroutine :\NA.DS solves for the missing parts when an angle (ANGX) and the adjacent side (Y) are given,
VARIABLES
ANGX - given angle (A or B)

Y - side adjacent to the givenside (b ora)
RANGX - radians in given angle
HYPOT - hvpotenuse (¢) Start

SEMIS - missing side (aorb)
ANMIS - missing angle (B or A)

ANGX,
Y

From

CALL:

RANGX =
ANGX X #

1890

v

HYPOT =
_Y
COS (RANGX)

. . SIMIS =
. \i HYPOT2-y?2

ANMIS =
902-ANGX

Return

End
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D. ANHYP(ANGX,Z)

Subroutine ANHYP solves for the missing parts when an angle (ANGX) and the hypotenuse () are given.

VARIABLES

ANGX - given angle (A or B) "
Z - hypotenuse (¢) Start

ANMIS - missing angle (B or A}

RANGX - rudians in given angle

SIMIL - side oppositce the given angle (a or b)

$IMI2 - side adjacent to the given angle (bora) ANGX
A

From

il

ANMIS =
900-ANGX

ANGX X 1
1800

| SIMIL =
|2 X SIN(RANGX)

1

SIMI2 =

I dzz-srurlz

Return

)
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Describe
Program

A,B,a,b,c

Read ’

Initialize
Variables

I yes

ANADS
(ANGA, B)

Given,
Results

Write

Write
Given,
Results

Write
Given,
Results

AOPSI
(ANGA, A)

Write
Given,
Results

Write
Given,
Results

ANHYP
(ANGA, C)

Write
Given,
Results

write
Given,
Results

Write
Given,
Results

Write
Given,
Results

&

O

ERIC

Aruitoxt provided by Eic:

ANADS AOPSI

(ANGB,A)

(ANGB, B)

ANEYP
(ANGB,C)

Write
Given,
Results

Write
Given,
Results

Write

Given,
Results

©

®
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-+ THE AMBIGUOUS CASE (§.S.A.)

This program will give a complete solution for a triangle if twn sides and the angle nppuosite one of these sides are giv-
en. The sides must be less than 1000 and space for 4 decimal places is provided. The known parts are entered in the or-
der a, b, angle A. Angles are in degrees to 4 decimal places. '

VARIABLES

a - sidea
b - sideb
ANGA - angle A S,

[

XANGA - radians ir;ilhgie A

Write
Statement
of-

Problem,

—

Read a,':,.b_ 3
Angle A

Change A
to Radians

Write
Only.One
Solution

& Write sin B =

No ' b sin A

ﬁolut:.on T a

—_—

7 ] cos B =

:‘; 1-sin? B

sin B = ‘ tafn B z
b sin A sin B .

a ' cos B

O
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COsS B =

|[1—sin2 B

tan B =
sin B
¢os B

Angle B =

tan”! B

Change
Angle B to
Degrees

|

Angle B =

tan"! B

By =
180°-B

Change
Angle B To
Degrees

Cy; =
1800-(ATBZ)

Angle C «

180°-(A+B)

-{- -~Change

Angle Cp
to Radians

i

Change
C to
Radians

Side C2 =

a sin C
sin A

Angle C =

180°- (A+B)

Change
_ C
to Radians

O

ERIC

Aruitoxt provided by Eic:
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REFOR

This program was w ritter as an experiment in using the computer to teach the lesson. Not onlv are results computed,
but the method of computation is explained, so that the student can use the output-as a study guide. Since the student
must enter the values on the typewriter, some additional interest is generated. Though the teacher who originated this
program used it frequently as a demonstration program, she felt that even more improvement should be made by allow-
ing for even more student participation.

The magnitude and direction of each of two forces are entered. The angles are in degrees. Both angles and magni-
tude may contain 2 decimal places. The method of solution is addition of the complex numbers which represent the
forces.

VARIABLES

FORCA - magnitude of first force
DIRLA - direction angle of first force
FORCB - magnitude of second force
DIRLB - direction angle of second force
RADLA - radians in first angle
RADLB - radians in second angle

A - X component of first force

B - X component of second force

C - Ycom. onent of first force

D - Y component of second force

X - X component of resultant

Y - Y component of resultant

R - magnitude of resultant
’ DlR! X - direction angle of resultant

[Kc

= : 153




( Start )

Write
Documen~-
tation

Read
FORCA

Ask For
DIRLA

Read
DIRLA

j

Ask For
FORCB

Read
FORCB

\

Ask For
' DIRLB

Read
DIRLB

5

®
1

Write
lethod to
be Used

A

Write
Directions
or Changi
to

RADIA =
DIRLA x 77
180°

RADIB =

DIRLB x T
180°

Write

Directions
For

Computin,

A =
FORCA x
COS (RADIA)

)

D =
FORCB x
SIN(RADLB)

Y=B+D

B =
FORCB x
SIN(RADIA)

. C =
FORCB x
COS(RADLB)
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]
RADLX
ATAN(Y/X) |
| — _ RADLX
37
2

Write ..

R=C

DIRIX=C

Write
Change
Back to
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DIRLY =
18UPHDIRLK

DIRLX =
360°+DIRLX
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PROBLEM SUPPLEMENT

Advanced Mathematics Section I1I

T LIMIT OF SH;T(X

This problem shows that the limit of SIN(X)/X approaches the value of one as X approaches zero.

INFUT K - lower limit of X
L. - upper limit of X
M - interval

OUTPUT  PI/N - notation for X in terms of PI
D - degreesin X
X - radians in X
SINX —sineof X
Q - SINX/X

start ) jI:

PI=3.1416

s

Jdrite
Columm
Hieadings

K=K#id
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FORTRAN Coding Form

e

. . — ~
o lwaatoae Sxmvale T o] !*.,a S
S T owean cae B
warrg CzaD Tttt (1L i
1l lponmar (x| '1aMir oel srunl/x’) - ,
RN R ER RTINS REEEE P IR—
N R T < e L -
2| rormar(solx, ! pele., Tx, RalD. L 9x, tsox ', , s aax/x D
READ(2, 3)K, L, M — S I N
PRI i R . i N o .
HIRESENERRE B F [N SRR S e
Pord P [ o - L]
Y T U BN O ;
SI Nl 8N (1x) i ‘ —

RREARCNS NN Ly il . N N ,w
R PO "I P S N Y WL T N s
sl R AT C1ix LR LS 3K RS2, 3K, 694 6], 3K, 9. 6, 30, FO 6D . - N
AL CALL R L RN U PR, L A
T 3R IR RS K R D
AL i 1 ‘ ; T
Vi [ [ v : .
-t i H )‘ i ¥ - - e femn
AREA UNDER A CURVE
(TRAPEZOIDAL RULE)
This program finds the area under the curve by the trapezoidal rule in the form:
AREA =((X(2)-X(1))/2)°(Y(1)42.°SSUM4+Y(M) )
INPUT R

A - lower limit(1)
B - upper limit (2)
N - number of intervals

FUNCTION: y= 1/x

"OUTPUT:

X - X coordinate
Y - Y coordinate
AREA

R is used to reduce error due to binary system (it is not necessary).
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Start

/ l||||

<:::)__‘T Read
A,B,N I=I+1
')
R-Oo
SSUM'-'OO
'
! l
MaN¢1
I=2
Y
I=1 SSUM= —,
SSUM+ g
ﬁ:@ Y(I) ’
SUM=p
1_ I=I+1
SUM=SUM4R \
AREA -
X(2)-X
¥ X (2 - D .
(Y () +2 ., *SSUM+Y (M)
X(I)=suM
i
v
1
Y(I)=———
X(I)
- .
R=R¢ B-A 4
N
- .00005
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i . nxmauszam (s ) Y f°) RS R R R A N
. a6 Reavi(2,1)R, B, B IV - i
; I;FORMAT(sz 2,18 . .

: CR=0.0

; .y N*li SO Y SO N . —— - I—
; | Do 20 To1f,M . - S
; L Sum:A B . i T -

S w.M-SUMﬂ\ . . - —— it e

- a(1)rsu ;

. w(z)is 7&(1) A R B o

b R R}(a A)/FLOAT(N)*.oogos,w_m,mu_w SR — SN .

;J, 204&&&71~u; - I . . .

e | iasuM:oL0 [ U

e e g e s gy
- ¢ I [ I

30 s
1 'AReAle

. sof

Do 30 1* 2
S UM e

WARIT

ICALL

3
z zz)
(3, 2) (
"EQJMAT(lﬂ '
wrrrle( ?
roamaT (1x
leo. 1o a0 | .
EXLIT.

,3igkn:
. ARE[s

~-x(1

_xg

'tliﬁ ST S
. *.(.Y.(.l)..*_ 2.9

WX( l.),_ls. >
yAX, Y.

-
3
»

¥ ]
-n

fle.s) |
ST 3 2 MR U D BN N

ssumay ()l | 1 B
- - ——— — - - —- =4

RN 1

ELLIPSE

This program will find a list of facts about the ellipse of the form:

INPUT:

OUTPUT:

&-m? , @-0? .

A2

H,K,A,B

Vertex (x,y)
Length of major axis
Length of minor axis
End points of minor axis (x,,y, )and (x,,y, )
Eccentricity ‘
Focal width end points
Focal width

=1
B2

Focal point {x,v)
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Start

Write the
A or B is

Read
H,XK,A,B

v

FOCI2:=XK+C

FOCI3=XK-C

¥

XFOC=H

is a
Circle

XFOCI=H

XVERT=H

©
S
|

¥

¥

VERT=XK+A

ZMAJ=2 %A

¥

VERT3=XK-A

ZMIN=2,%*B

K]

XVER=H

EPMN2=H+B
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XMAJ=2 . %A
XMIN=2.%B
¥
EPMN=XK-B
¥
FOCI=H+C EPMIN=XK+B
v )
FOCIS=H~C EPMX=H
¥ v
YFOC=XK EPMX1sH
[] :jL
VERT=H3A ECCEN=C/A
[] ¥
[' EPFWY=
XK¢
VERTS=H-A
212 (FOCI-B)
KD A
v ¥
YVER=XK EPFYl-
~EPFWY
¥ v
FCLWD=




EPMN3=H~-B

YEPMN=XK

YEMNP=XK

ECCEN=C/A

L]

3

H+

XEPFW=

242 (FOCI2-XK)

N

BZ

[l

XPFWlz
-XEPFW

'R

FW=

J (XEPFW-XEPWL1) 2

¥
Write
Results
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_ Last
' Problem

Write
Results

End
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FURTRAN Cowming Form
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IBM FO'HTHAN Coding Form
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VERsH
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EPEW.
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13)eocix2, (10, Faler'3, MFoc, VERT2 [yven venrs qvewy 11 !
A8 )2MAL, ZMIIN, EPMN.2, Y EPMN elpmaa Y EMaR secy o ] C i

»-US)EOCL2, YLPF W, FOGL2 JAPF W, FOCIS XEPIW, FOKT 3, APEWL [EW .

. .
.
‘o e PO R J— [OUNY SR PRGN U SIS SUTUUI SE

. ) ;

: R :

: Lyt H

" i T T +

i ¢ L i ?
b - - - - - PO — (RIS R

.. INVERSE OF ANY MATRIX
(GAUSS - JORDAN)

This program finds the inverse of any square matrix using the GAUSS - JORDAN transformation method.

INPUT
A matrix
OuUTPUT
A matrix
Elements of inverse

o

LY

If data switch 0 is up the program will output each transformed matrix relative to A and to B (Identity Matrix)

ERIC
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1J=1

15

@

B(IJ,IK)=
0

B(IJ, IK):lo




Finding the
Pivot

Point

KeIN

J=IN

J=J+1

'

IK«IK41

IJ=IJ41

5 &

—(g

D=ABS (A (K, IN)]

&

E=ABS (A (J, IN)
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Lt Rows

I-1

Interchanging of

C(IL)=
A(M,I)

I=N1

I2212+1

T

C(D=
B (M, 12)

I=NI+1

I=I+1

" NLz2N¢1

I2=0

169

AM,D)=
A(K,I)

!

B(M,I)=
B(K,I)

AK, D=
Cc(L)




I12=12+1

B(K,I)=
c(12)

170
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@—P- K=N ¢ AJ=A(IN,IN)
: Dividing the Row

by the Pivot Point

L3

~N |
t 3
AJ i I=1
& o]
- : !
Y write [ | B(IN,D)=
\ no | BQN,I) !
\ Inverse / i AJ :
\ / ! |
L |
6 A(IN,I)=
A(IN,I)
AJ ;
1
Creation of ] .
Zeros in the J=1 ‘ J=J¢l
Column Contain-+ ‘
ing the Pivot | :
Point !
&
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A(J,I)=
A(J,I)-
XI*A(IN,I)

‘

B(J,I)=
B(J,I)-
XI*B (IN,I)

no

o—
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IBM FORTRAM Coding Farm
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IBM FORTRAN Codiny Form ' RSN

. - N FORTRAN STATEMENT
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INVERSE GF ANY MATRIA
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1IBM- FORTRAN Coding Form o
I INVERSE OF ANY MATRLY “ o i
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ERI

Aruitoxt provided by Eic:
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' PROBLEM SUPPLEMENT
Chemistry Seétio'n v
sTP |

This program takes-any known volume of gas in mxlhhters at any known pressure in 0 millimeters and any known tem-
perature in degrees Centigrade, and corrects this volume to standard conditions. ‘ '

- . - VARIABLES sl
INPUT: OV - Original volume.
OT - Original temperature.
- OP - Original pressure.

Output: The program writes out the values of OV, OT, and OP and also the corrected volume for each set of val ues.

j
- ) I TR =
: OTe273.
B CV = Co ) [
: . o '—.:}—;—-——)'
OV x OP , 273 ‘ .=
760 TK S ’
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2 Fod,or(axl,__,‘..n/__e‘ okiguaar |vetome (') Fro.la,ax
D 18

V. RE
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MiLL L) TERS Y
0e’, L, AX, SANDTFIC & X
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4
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CTOFTOK -
This program converts Centigrade temperatures to Fahrenheit and also to Kelvin degrees.
Input:None

Output: All Centigrade temperatures between 1 and 100 degrees with the corresponding Fahrenheit and Kelvin
equivalents. '

T'his program could be ecasily modified to produce Centigrade readings when Fahrenheit is available, or any other
combination,

VARIABLES
(C - temperature in Centigrade
F - temperature in Fahrenheit
PAK - temperature in Kelvin

176




S TR

F(K) | =
9
5

| PAK(K) =
C(K)4273 -

2xc@esz |

C(K),F (K)




TORTHAN Cading Form

M o v
L G Te  F_Te K ’ R N O L
T T I B y v T T 1 . i TS

. N s ot O O O B

FGRIRAN TaltrEnT

Cvedg
N

‘‘‘‘‘

PH

This program converts PH values to the corresponding hydrogen inn concentrations.

Input: PH values between 1 and 14,
Output: The corresponding hydrogen ion concentrations.

. This rrogram could be modified to prodice PP{ values from hydrogen ion concentrations.

VARIABLES _ | e

PH - Scale of acidity and basicity
H+ - hydrogen ion concentrations

vl

178




Start '

Read
PH
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EINSTEIN’S EQUATION

This program will solve the Einstein equation, finding the energy involved when each of the 103 elements is convert-
ed into energy.

VARIABLES
X - atomic weight of each element

E - the list of elements
C - speed of light in cm.

( Start )

A

Read
f .
X(I) . = 1,103 I27,9

<]

l

C =3 x 1010

Write
E(I) I = 101,103

4
i
Q o

End
E(I) =

X(I) x c2

- I=I4l

‘ | 180
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REXP

This program will find the experimental value of the Universal Gas Constant. compare it to the actual value, calcu-
late the average and percent of error for each member of a class of 25 students.

VARIABLES

Input: V(1) - Volume of gas in liters.
P(I) - Pressure of gas in millimeters.
T(I) - Temperature of gas in Keivin degrees.
XN(I) - Number of moles of gas.

Output: R - Experimental value of gas constant.
VM - Molar volume constant.
ABER - Deviation of R from accepted value.
RAV - Average value of R.
PCER - Percent of error of ABER from the accepted value.

- - g

——
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1

( Start )

Read
v(), p(r) (=

{

Write
Column
eadings

P(I) =

P(I)
760

ABER =
. O821"’R

Y

PCER =

ABER x 100
.0821

L

R =

V(iz x P(0)
T(I) x XN(I)

!

VM
X

N
~
W

RAV x R

I = I¢1

182

Write
RAV /[

End




FORTRAN Coding Form _'___ L e
L - REXL T= S ~ e
AU T i FORTRAN STATEMENT . -] e
C_THIs| PRAcAnN [£) KD S| ThE JEX j AT T g :
0 7 Aeb_oVnpopds Jix ide e A AR,
C THE [PeRUENT. o|F ELHOR Fald s e £ Yl | s e
| P nr.s,/.mr.r.(.é.j)., Plajs N Y SR
N R R Ly RS KR
0),'(-:|)61), A BESENREERAIIEES

&

HALF LIFE .

This program will determine how Jeng it will take a radioactive sample of known mass to decay to some desired iass,
or if the desired mass is 0, to.decay to one atom.

VARIABLES

Inpuf: XM - Mass of sample in grams.
' GM - Mass afterreduction in grams. L
AN - Avogadro's Number - 6.023 x 1023 ,(Note) AN is in E Format- 6023 E 24

TH - The halflife of the particular isotope.
XMN - The mass number. -

Output: The time required in years (or in same units as TH).

183




< Start ) q

Read XNA =
sM, X, _ XNa
TH, . . XNA- 454

Read
AN

L=L+1

XNA =
XM x AN
XN

e |
G x AN i

\\ Write
T
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- GAS ANALYSIS =
Problem: A mixture of hydrogen, carbon monoside, methane and nitrogen has a volume of 20.0 milliliters. To this is
+ added 25.0 mls. of oxygen and the mixture is ignited. The resulting cooled gas is found to have a volume of 23.9 mls.
and to contain 6.2 mls. of carbon dioxide and 12.1 mls. of residual oxygen. This program calculates the percent by vol-
ume composition of the ()ngmal gas by the use oi, matrix algebra.
VAl\lABLES
Input: "Cl1 =00 o AMYV - misture volume
C2-05 AOV - oxygen volume
C3 -1.0 - CGV 5 cooled gas volurre -
C4-15 CDV - carbon dioxide vo,unie
C5 - 20 ~ ROV - residual oxygen volume '
Output: W - volume of hydrogen
X - volume of carbon monoxide
Y - volume of methane
z - volume of nitrogen
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Write -
Program
Documenta~

tion

Read
Ccl, c2, C3,
C4, C5

Read
AMV, AOV,

CGV,CDV,ROV-

B

Write
MV, AOV,
CGV,CDV,
ROV

Compute
Contraction
Volume

t
Compute 02'_
Consumed

Sqlve
't X 4 Matrix

Solve
% by volume

Write
w’ ‘X’
Y, Z

Write
W, BX,
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' PROBLEM SUPPLEMENT
" Physics Section V-
A o - FREE FALL

This rrogram will consider an object falling under the influence of grdvity_ from any height and compute the time it
wiil tak.> o strike the ground. It will also compute the final velocity of the objéct.

All other forces, including air resis-
tance aré . _nored. :

. VARIABLES .

DIS - the height from which the object falls o B _ N
TIME - the time it will tuke to fall - : o
VEL - the velocity of the objéct as it strikes the ground, ‘ '

‘Write
Documen-
tation

READ .DIS

TIME =

SuRT(2 x DIS)
32.08

L VEL = | - ’ ’ : “
: ' 32,08 x TRME |. '

Sl e
R e

. - el



IBM . . FORTHAN Cading Farm

FREE FALL . SRS N S

FORTRAN STATEMENT

El) f.zAj%i'v

.nrlzx;':
AFREE_|F
TEL), A

L Eiocdny e
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E(zSQRT(2. X9
o lvEL= 9_24_01_.'__ "MEL.
| . WAXTIEC ), 220D T
' r(ax
l e
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R P Ry T T T T R R O S B T P P ey rey s

EINSTEIN

Thi:  rogram. \nll give the theoretlcal increase in length an object undergoes as it approaches the speed of llght It
also accounts for the theoretical increase in time.
Great facility can be obtained through the alteration of the limits of the DO- loop governing the velocity of the ()b]ect

VARIABLES

XLEN - the length of the object at rest
XVEL - the velocity of the object
XNTIM - the relative length of time

+XNLEN. - the relative length of the object | '
O ‘ . . .

ERIC ~ 19
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< Start ,

Write
Documen-

tation
__/

<« - N e e wwm e

I 2o Sinbiadiel

C = I = I¢l

' XVEL =
[ I.x 100

e
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.ROCKET

"

In arocket, fuel is continuously being burned at.a tremendous rate: Consequently the mass of the rocket is constantly
decreasing while the force of the rocket engine remains constant. This situation results in a continual increase in accel-
eration as predicted by theformula F = ma. ’

This program will compute the mass, acceleration, distance traveled “and velocntv of the rocket at one second inter-
“vals fur two minutes.

- VARIA_BLES

FORC - force produced by the rocket enginein lbs. or nt, , S .
RATE' - rate of fuel consun ption in mass/scc.. ' , DR
XMASS - mass of the rocket and fuel.
ACC - acceleration.

DIS - distance traveled.

V - velocity of the rocket.

ERIC = e
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. N\ .DIS(I) =

Read ‘ 2
. | ACC(T) T
FORC | e(l) x
v . N\ . VU | . . .
Read ) . V() =
RATE .- - Lo : =
o S (2 x ACC(I) ¥
ST(I)) *0.5{ -
DR N |
Read :
XMASS
! -
T=20
Write
Column
' eadings
I=1 - -
{ e CALL EXIT
| XMASS (I) =
' \
ioass- L RATE
. End -
ACC(I) =
FORC -
XMASS (1)
O ‘ © | o ]




IBM

PocﬁEr

¢ T//IS PROGRAM WILL ccmpufs THE ACCELERATIW, DISTANCE TRAVELED, AND ‘
c . TWE YELOCITY OF SOME OBTECT, SUCK A5 A RackET, W/ERE THE FoRcE ‘
c RENAINS CONSTANT BUT THE MASS DECREASES. A RS ‘ .;
DINENSION Ace(120), xuss(iw) DI.S(.L?.O),V(J-?—O) ; ;
RERD(R, 2)Fom i | ! :

.2 Fomm’,:zz * i C
READ (4, 29A8TE | | ] )
7fi_’tiéw( b, 2)!/!355, SR R R P P S :

. Do 25 I—1 120 | Lo

. P TETHL ) fo N _j
; XMSS(I)'XHAS-S TRRATE/2:l . L.} S S
-, - AcC(Z) SFORC/XMASS(E) 0 R TS FEACE B ISR ]
| DTSery=(C ﬁca(z)xrﬁz)/z.) o
P V(I)u—( ﬁ(ﬁcr(.r)*ﬂrs(r)))xx.s o ]
. 25 C L‘/UE : o A S ;
i 'wkzrs(sze) .' N . S AU R S A
; ,~2 i pr/ ’MﬁS .8){ ’HCC"EAE/U)TIOA”/ BX,..’/)L.srﬁyc..g_,r/my_zpse,’_,iax, Wewo
Lo o - SN NS P S 0 4
L p 71/ 3,2 )(X ss(z),.qcafc DIS(D, (D), =2,1020) |~ | |7 N
: A1 ang?/M;fT -7Xl .3 .1.0X,F10. .{ax,F.to-s,;t.or Flo a,iox,f'éee?): Lol Lol
G i P ,:.,.,J; O O M A o _L~« e = [ AT S

)
This program solves the equation g K/R™.

XI
XK

- the intensity of the light
- the candle power of the source

R - the distance of the source to the meter

LIGHT INTENSITY

The unknown term must be entered as the value -1.

VARIABLES

196



Read

]

XI,XK,R

X12=
XK

XK2=

XI x R?

Write
X12

Last
Card

no
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T“

THE INDEX OF REFRACTION .

-

This program will find the angle of lnCIdence if the angle of refractlon is known, or vice-versa, for any glven index of
refraction.

‘ VARIABLES |

Q - variable to determine which angle has been entered
AR - angle of refraction :

RI - index of refraction

Al - angle of incidence

198 ‘ e ~




Ack for
unknown

RDINS«=

AI x 3.1416
180

SINAR=

SIN(RDINS)
RI '

Y

COSAR:=
1~-SINAR

TANAR=

SINAR
COSAR

Read
- AR, RI

r-—- v w— .
R —

RDINS=

199

AR x 3.1416
180

L

SINAI=
R]& x SIN(RINS)

)

COSAI=

J/1-SINATZ

TANAT-

SINATL
COSAL

)

RAI=
ATAN(TANAI)

.h,

Alz
KAI/( 1416

3.

180

4

Write
ATl



Y

RAR=
ATAN (TANAR)
" ARx
BAR
(3.1416 .
180,
Write / /_ *
AR @ Read
Q

Call Exit

End
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PARABOLIC MIRROR

This program uses a series of 1¥F statements to determine the unknown value, After solving for the appropriate un-
known, the program direction is determined through the use of a COMPUTED GO TO statement |

VARIABLES

HI - the height of the image
HO - the height of the object
SI - the image distance
SO - the object distance
¥ - the focal distance

Ask for

HO,IL,SI, !
50, ox ¥
or 99§

F » HO s M I-i— Jo7 X
50 B HC ST
T 3 R ¥ 3
¥
write -
HI.,:.'LL',SI,
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ACCELERATION

¢

s

/" This program is designed to make the computations necessary to compute a value for the average acceleration of a
bodv acted upon by a constant force. The most important data requ1red bv this program are the displacement positions

along the X axis.

- the number of displacement positions

- the values of the displacement posmons
L - number of intervals
XI - initial position of object in each interval
XF - final position of object in each interval
DT - time constant for the intervals
V - velocity
DV - changein velocity
XN - ‘number of values
AVGAC - average acceleration

O
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[\

VARIABLES
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J = Jel

Read N )

-\

¥ Read X(I) I= 1,N
I =K -
¥
L = N-1 N
XI(K) =
X(I)
A
J =1
L B0 K s kel
2 )™ I = J+1 {yes
©
DT = 1
XF(J) = —‘
X(I) } l
SUM = 0
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DX(I) =
XF (I) -XI(I)

AVGAC =
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DX (1)

DT
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DT
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