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FOREWORD

FOCAL® is a conversational language developed by Digital Equip-
ment Corporation for its PDP-8 family of small computers.






INTRODUCTION

FOCAL-8 Demonstration Programs: illustrates some features and
applications of FOCAL as a conversational language; aids the
FOCAL student to gain a significant amount of knowledge from
studying the techniques that were used to solve each routine; and,
satisfies those ‘‘computerniks’’ who just “‘enjoy’’!






CONTENTS

DISPLAY ROUTINES

Circle Plot — By stating a radius of 10 or less, this routine plots
a circle on the Teletype™ for a specified radius”.

Figure-8 — The user specifies a radius between 5 and 25 and a
figure-8 is plotted on the Teletype*.

Sine — This routine demonstrates the flexibility and adaptability
of plotting on the Teletype®.

. GAMES AND QUIZZES

Dice Game — This program simulates throwing of dice®.

King of Sumeria — In this fun game the player tries to foresee
his consumer market (DYMENT)***.

Literature Quiz — This educational quiz is for nursery school
children (SMITH)*,

Lunar Module — This is a simulated moon landing™**.

Management Game — In this competitive game, profits and losses
are calculated for each team (WOOSLEY)***.

Perpetual Calendar — By inputting the month/date/year, the day
of the week is calculated*.

Towers of Hanoi — This challenging game of stacks is an excellent
example of recursive programming™ **.

Word Game — The player tries to guess a secret word (Merrill)
(FADC FUNC.).

. MATHEMATICAL ROUTINES

A. EDUCATION

Addition Exerciser — This elementary educational routine quizzes
the student in basic addition*.

Numerical Relationships — This conversational routine stimulates
the mathematical interests of the elementary student (Merrill)*.

Prime Factors of Positive Integers — Given a positive integer, this
routine will dump all its prime factors on the TTY*.

®Teletype is a registered trademark of the Teletype Corp.

The following are referenced throughout the text.

*With or without extended functions.
**With extended functions.
***Without extended functions,
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Circle Plot

ABSTRACT

This FOCAL-8 demonstration routine plots a circle on the Teletype
for a specific radius. The user must input the radius when requested.
For best results the radius should be no larger than 10.

Operational Procedures

1.  Load Circle Plot by FOCAL-8.*
2. Type GO and input the radius when requested. Execution begins.

3. A sample run follows.

*W
C-FOCAL,» 1969

10.10 ASK "WHAT IS THE RADIUS?"A3 DO 12.2
10.208 QUIT

11.06 C A GOOD RADIUS IS 10 OR LESS

1110 SET R=FABS[ ( <Xt2+Y12>12-At2*(Xt2-Y12) )]J/Ar2
1120 IF (R = 7.05) 11.5 3TYPE " *3 RETURN

11.50 TYPE "'%"

12190 FOR X=-10,+5,+183 DO 11

12.20 FOR Y==5,.5,53 TYPE !3 DO 12.1
*

1-1
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Figure-8

ABSTRACT

The Figure-8 program is a Teletype display routine, which will
type a figure ‘8"’ after the user has specified a radius between 5
and 25.

Operational Procedures

1. Load the Figure-8 routine with FOCAL as described in the FOCAL manual.**

2. After the initial dialogue, the user responds to the request of the computer for specific
radius (between 5 and 25).

3.  The routine immediately begins to type the requested size of the figure ““8"'.

4. A sample run follows.

*W .
C-FOCAL,1969

09.10 T !!" COMPUTERS CAN BE USED TO PLOT PICTURES OF THINGS«"!
09.20 T **THIS PROGRAM WILL PLOT A #IGURE EIGHT WITH A RADIUS
09.30 T !"“BETWEEN 5 AND 25 3 YOU MAY SELECT THE SIZE.'!

09.40 T '"USE A LEFT ARROW TO CORRECT YOUR NUMBER AND TYPE
09.50 T !" A *RE-TURN' TO PLOT."!!

10.10 ASK "WHAT IS THE RADIUS? 'A3SET B=At23 DO 12.2
1020 T !!!3GO :

11.10 SET R= FABS[ ( <D+C>t2 - B*(D-C) >1/B
11.20 IF (R = A*2/3) 115 3TYPE ' '3 RETURN
11.58 TYPE 8"

12.10 FOR Y=-A/2,+55,+A/23SET C=Yt23SET D=Xt23 DO 11

12.20 FOR X=-A,1,A3 TYPE !5 DO 12.1
*
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*GO

COMPUTERS CAN BE USED TO PLOT PICTURES OF THINGS.
THIS PROGRAM WILL PLOT A FIGURE EIGHT WITH A RADIUS
BETWEEN 5 AND 25 3 YOU MAY SELECT THE SIZE.

USE A LEFT ARROW TO CORRECT YOUR NUMBER AND TYPE

A 'RE-TURN' TO PLOT.

WHAT IS THE RADIUS? :15

8888888
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8888 8888
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Sine

ABSTRACT

Sine demonstrates the flexibility and adaptability of the ASR-33
Teletype to plot a given figure. The result of this routine is a reason-
able looking plot. Therefore, one can conclude that the result of a
specific function would be quite accurate.

Operational Procedures

1. Load Sine via FOCAL-8.**

2. Type GO and the routine immediately begins to plot. To interrupt plotting, type a
control-C (1C).

3. A sample run follows.

*W
C-FOCAL,» 1969

P1.10 SET A=A+6%1.53 SET X=A; SET SC=33 DO 33 TYPE "*"#
@1.20 SET B=B+6*33 SET X=B3 SET SC=23 DO 33 TYPE "."#
01.30 SET DD=DD+6%23 SET X=DD3 SET SC=13 DO 33 TYPE "X"!
02.10 SET SINE=FSIN(X/57.2958)

03+190 DO 23 FOR J=0,17+5%SC*SINE3 TYPE " "

10.18 FOR I=1,453 DO 1
*



*GO

1-6
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Dice Game

ABSTRACT

Dice Game, a FOCAL-8 demonstration program, simulates an
actual game of throwing dice. A $1,000-house limit is set,
$1-minimum bet for each throw is required.

Operational Procedures

1. Load Dice Game via FOCAL-8 either with or without the extended functions.
2. Type GO and the game begins.

3. A sample run follows.

W
C-FOCAL,»1969

1«10 S B=0A3T !!"DICE GAME'"!,"HOUSE LIMIT OF $1020
9113 T e MINIMUM BET IS S1'!!

21.20 ASK "YOUR BET IS"A3IF (10080-A) 3.1
@122 1 (A-1)3e451.2651426

B1.26 I (A-FITRCA))3¢551¢353.5

P1+30 ASK M3D0O 23S D=Cs3DO 23T * "3S D=D+C
P1¢32 I (D-7)1e¢42,3.251.42

Bled4B I (D=2)1¢553e35145

D142 1 (D=11)10453:25144

0150 I (D=3) 16533516

B1.68 ASK M3D0 23S E=C3D0 23T ' "3S E=E+C
B1e72 1 (E-T7) 1¢T453e351.74

B1e74 1 (E-D)1¢653:251.6

02410 S C=FITR(20*FRAN()=12)31 (C=6)2+2,2.2,2.1

B2.20 1 (C-1)2¢13T %1,'" 'C3RETURN

@310 T "HOUSE LIMITS ARE $19098"!!5; G 1.2
B3.29 S B=B+AsT Z7,!"YOU WIN. "3G 3.4
@3.3% S B=B-A3T 7%7,!''SORRY» YOU LOSE.
@348 T ' YOUR WINNINGS ARE *B»!!3GOTO 1.2
P3+53 T '"'NO PENNIESs PLEASE'!!3G0TO 1.2

*



*GO
DICE GAME
HOUSE LIMIT OF $1990. MINIMUM BET IS $1

YOUR BET IS:45.50
NO PENNIES, PLEASE

YOUR BET 15:50

2 @
1
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INe YOUR WINNINGS ARE = 59

LOSE. YOUR WINNINGS ARE = 17}

|

D
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YOU WINe YOUR WINNINGS ARE = 59

YOUR BET 1S:59
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5
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=2
SORRY» LOSE. YOUR WINNINGS ARE = 9

=<
o

*GO

DICE GAME
HOUSE LIMIT OF $1000. MINIMUM BET IS 51

YOUR BET 1S:52
24
4

e so oo

nuwuan
<N = 0w
nmunn
CuUudO LD

LOSE. YOUR WINNINGS ARE =- 5%

.
=<
o

YOUR BET 1S:59

.
.

1 = 4
2 =5
Ys YOU LOSE. YOUR WINNINGS ARE =- 109

Al

SORR
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*GO

DICE GAME
HOUSE LIMIT OF $S172d.
YOUR BET IS:59
=1 =3 :
=6 =2
= 4 =3
SORRY»> YOU LOSE. YOUR WINNIN

YOUR BET IS5:59

= 6 = 1
YOU WINe. YOUR

YOUR BET IS:35
4
5
YOU WIN. YOUR

i n

2
1

WINNINGS ARE

WINNINGS ARE

G

S

2-3
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King of Sumeria

ABSTRACT

The King of Sumeria is a game that challenges your ability to
foresee the consumer market. Hamurabi, your servant, will state
the following facts about last year, and you must decide the num-
ber of acres you will need, and how many bushels of grain you
expect to distribute as food. You will base your decisions on
these facts: ’

Number of people who died of starvation
Number of new people who came to the city
Number of acres owned by the city

Number of bushels harvested per acre

Total number of bushels that were harvested
Number of bushels that were destroyed
Number of bushels currently in storage.

Q@HNOE QAN TN

Based on your decisions, Hamurabi will state a new report of the
above information.

Operational Procedures

1.

2.

Load FOCAL-8, without extended functions***

Load the King of Sumeria according to the loading instructions for papertape in the
FOCAL-8 manual.

Type GO and the game begins.

A sample run follows.

2-5



*%
L I MMM,
*WRITE ALL

C-FOCAL,» 1969

P1.10 S P=953S S=28003S H=30003S E=2003S Y=33S A=10003S I=53S Q=1

02.20 D 63T !!'!"LAST YEAR"!D,'" STARVED,
02.25 T !1,'" ARRIVED,"3S P=P+I31 (-Q)2.3
02+27 S P=FITR(P/2)3T !"**PLAGUE*%"!
P2.30 T !"POPULATION IS"P,!!"THE CITY OWNS
P2.35 T A, ACRES."!!31 (H-1)2.53T "WE HARVESTED
02.40 D 3.2
@258 T !" RATS ATE '"E,' BUSHELS,YOU NOW HAVE
P2.60 T !S," BUSHELS IN STORE.'!
P3.10 D 63D 83S Y=C+173T "LAND IS TRADING AT
23.28 T Y, BUSHELS PER ACRE3''3S C=1
0330 D 4.33A ' BUY?"!Q31 (Q@)7.2,3.8
P340 I (Y*¥Q-S)3:953e63D 463G 3.3
@3¢50 D 453G 3.3
B3¢60 D 393G 4.8
03.70 S A=A+Q3S S=S-Y*Q3S C=0
0380 A !'""TO SELL?"!Q@31 (Q)7¢25,3.93S Q=-Q31 (A+Q)3.5
03.99 S A=A+Q3S S=S-Y*Q3S C=0
P4.10 T !"BUSHELS TO USE
P4.11 A " AS FOOD?'!Q31 (Q)T7¢23I €(Q=S)4e2,4¢73D 4463G 4.1
P4.20 S S=S-@3S C=1
P4.30 A !""HOW MANY ACRES OF LAND DO YOU WISH TO
P4.35 A !"PLANT WITH SEED? "D }
D4.40 1 (D)7e231 (A=D)4.4531 (FITR(D/2)=S5S-1)4.653D 4.63G 4.3
BA4e¢4S D 4.535G 4.3 ’
P4.50 D 73T A»'" ACRES.'!
P4.60 D 73D 2.6
- D4.65 1 (D-10*P-1)5413D 73T P»'" PEOPLE."!3G 4.3
24.70 D 4.2 ‘
04.88 D 63T "YOU HAVE NO GRAIN LEFT AS SEED !!"!S D=0
05.190 S S=S-FITR(D/2)3D 83S Y=C3S H=Dx*Y
25.20 D 83S E=031 (FITR(C/2)-C/2)5.33S E=S/C
05.30 S S=S~E+H3D 83S I=FITR(C*(20%A+S)/P/1080+1)3S C=FITR(Q/20)
05.40 S

Q=FITR(10*FABS(FRAN()))3I (P-C>2.13S D=P-C3S P=C3G 2.2

B6+10 T !!'"HAMURABI: %5

B7+18 1 (C>7.235S C=C-13D 63T 'BUT YOU HAVE ONLY"3R
27.20 D 63T !"GOODBYE!"!IZE A

P8.180 S C=FITR(S*FABS(FRAN()))>+1
*
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*GO
HAMURABI :

LAST YEAR

= @ STARVED,

= S ARRIVED»
POPULATION IS= 100

THE CITY OWNS= 1000 ACRES.

WE HARVESTED= 3 BUSHELS PER ACRE3
RATS ATE = 200 BUSHELS,YOU NOW HAVE
= 2800 BUSHELS IN STORE.

HAMURABI: LAND IS TRADING AT = 21 BUSHELS PER ACRE3
HOW MANY ACRES OF LAND DO YOU WISH TO BUY?
50

BUSHELS TO USE AS FOOD?
21000

HOW MANY ACRES OF LAND DO YOU WISH TO
PLANT WITH SEED? :500

HAMURABI ¢

LAST YEAR

= 5@ STARVED,

= 8 ARRIVED,
POPULATION IS= S8

THE CITY OWNS= 1050 ACRES.

WE HARVESTED= 4 BUSHELS PER ACRE3
RATS ATE = @ BUSHELS,YOU NOW HAVE
= 2500 BUSHELS IN STORE.

HAMURABI: LAND IS TRADING AT = .22 BUSHELS PER ACRE3
HOW MANY ACRES OF LAND DO YOU WISH TO BUY?
:0

TO SELL?
H

BUSHELS TO USE AS FOOD?
:1000

HOW MANY ACRES OF LAND DO YOU WISH TO
PLANT WITH SEED? :508



HAMURABI :

LAST YEAR

= 8 STARVED,

s 18 ARRIVED.,
POPULATION IS= 68

THE CITY OWNS= 1050 ACRES.

WE HARVESTED= 5 BUSHELS PER ACRE3

RATS ATE = 2 BUSHELS,YOU
= 3750 BUSHELS IN STORE.

HAMURABI: LAND IS TRADING AT
HOW MANY ACRES OF LAND DO YOU
t75

BUSHELS TO USE AS FOOD?
21000

HOW MANY ACRES OF LAND DO YOU

NOW HAVE

= 20 BUSHELS PER ACRE:;
WISH TO BUY?

WISH TO
PLANT WITH SEED? :1000
HAMURABI: BUT YOU HAVE ONLY= 68 PEOPLE.
HOW MANY ACRES OF LAND DO YOU WISH TO
PLANT WITH SEED? :1000
HAMURABI: BUT YOU HAVE ONLY= 68 PEOPLE.
HOW MANY ACRES OF LAND DO YOU WISH TO
PLANT WITH SEED? :500
HAMURABI @
LAST YEAR
= 18 STARVED.,
= 19 ARRIVED,
POPULATION IS= 69
THE CITY OWNS= 1125 ACRES.
WE HARVESTED= 4 BUSHELS PER ACRE:;
RATS ATE = 250 BUSHELS,YOU NOW HAVE

= 2750 BUSHELS IN STORE.

HAMURABI: LAND IS TRADING AT
HOW MANY ACRES OF LAND DO YOU

= 21 BUSHELS PER ACRE3;
WISH TO BUY?

2-8



Literature Quiz

ABSTRACT
READ: “‘to understand the meaning of (written or printed matter)”

The above is just one of the many definitions given in ‘“Webster’s
Seventh New Collegiate Dictionary’’ that defines this art of commu-
nication. It is very important to understand exactly what you read.
Therefore, from a very early age a child should be asked to explain

or relate events that were read to him or what he read. Although

this quiz is very basic, it may be used to introduce both the computer
and comprehensive reading to the student. The quiz also reminds us
that computers may be used not only for mathematics, but for a
variety of things.

The quiz itself is multiple choice. The questions were derived from
many well-known nursery tales. For fun, see how much you re-
member or how much your children remember about them.*

29



*W
C-FOCAL,» 1969

0110 T !"TEST YOUR KNOWLEDGE IN CHILDREN'S LITERATURE."

0120 T !"THIS IS A MULTIPLE CHOICE QUIZ."

0130 T !"TYPE EITHER A 15 2, 35 OR 4 AFTER THE COLON. IF
@140 T !"YOU FAIL, THE CORRECT ANSWER WILL BE TYPED.
01450 T !'GOOD LUCK!''!3GOTO 2.1

02.10 DO 4.03D0 5.83D0 6.9
0220 DO 7.03D0 8.03D0 9.0
92.30 T "THE END!!"3QUIT
02.40

02.50

Q4.10 S A=33T !'"IN °*PINOCCHIO', WHAT WAS THE NAME OF THE CAT?"
04.20 T !"1)TIGGERs 2)CICERO» 3)FIGARO» 4)GUIPETTO"3ASK A,Z1
P4.30 IF (A-3)4¢454.554.4

P4.40 T !'SORRY- FIGARO WAS HIS NAME.''3sRETURN

04.50 T !"VERY GOOD, HERE IS ANOTHER QUESTION FOR YOU!"

05.10 S A=23 T !""FROM WHOSE GARDEN DID BUGS BUNNY STEAL THE CARROTS?"
05.20 T !"1)MR.MAGILLICUTY'S,2)ELMER FUDD'S,"

25.21 T ' 3)CLEM JUDD'S, 4)STROMBOLI'S'

05.25 ASK A,%1

0530 IF (A=2)5¢455¢55,5.4

05490 T !"TOO BAD-IT WAS ELMER FUDD'S GARDEN!'3RETURN

05.59 T !""PRETTY GOOD!!"

P6.10 S A=43T !"IN THE WIZZARD OF 0Z, WHAT WAS THE NAME OF DOROTHY'S
06415 T ' DOG 2"

06.20 T !"1)CICERO, 2)TRIXIE, 3)KING, 4)TOTO'3ASK A,Z1

D630 IF (A-4)6+4564¢5,6.4

6440 T !'""TOTO WAS HIS NAME.''3RETURN

06+590 T !"™YOUR ANSWER IS CORRECT."

0710 S A=33 T !"WHO WAS THE FAIR MAIDEN WHO ATE THE POISON APPLE?"
07.20 T !"1)SLEEPING BEAUTY, 2)CINDERELLA, 3)SNOW WHITE, 4)WENDY"
B7.25 ASK A,71

0730 IF (A=-3) Te457¢5,7+4

P7+.40 T !"THAT WAS SNOW WHITE!''3RETURN

97.50 T !'"'GOOD MEMORY!!"

98.10 S A=13; T !"IN 'PETER PAN', WHAT DID PETER ASK WENDY
28.15 T ' TO SEW ON FOR HIM?"

98.20 T !"1)HIS SHADDOW, 2)HIS POCKET, "

08.25 T "3)A PATCH, 4)HIS SLEEVE'"3A A,Z%1

P8¢30 IF (A-1) .8.40,8+50,8.40
P8.40 T !"WENDY SEWED PETER PAN'S SHADDOW BACK ON!''3RETURN
P8.50 T !"VERY GOOD."

29.10 S A=43 T !"IN WHAT STORY DID GUIPETTO GET"

29.15 T " SWALLOWED BY A WHALE?"

P9.20 T !"1)MOBY DICK, 2)PETER PAN, 3)JONAH, 4)PINOCCHIO'3ASK A,21
0930 IF (A-4)9¢4059¢5059.4

0940 T !"THE ANSWER IS 'PINOCCHIO'''3RETURN

99.50 T !""GOOD CHOICE."

*
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*GO

TEST YOUR KNOWLEDGE IN CHILDREN'S LITERATURE.
THIS IS A MULTIPLE CHOICE QUIZ.

TYPE EITHER A 15 2, 3» OR 4 AFTER THE COLON. IF
YOU FAIL, THE CORRECT ANSWER WILL BE TYPED.
GOOD LUCK!

IN 'PINOCCHIO's WHAT WAS THE NAME OF THE CAT?
1)TIGGER» 2)CICEROs 3)FIGARO» 4)GUIPETTO:4

SORRY- FIGARO WAS HIS NAME.
FROM WHOSE GARDEN DID BUGS BUNNY STEAL THE CARROTS?
1)MR.MAGILLICUTY"'*S,»2)ELMER FUDD'S, 3)CLEM JUDD'S, 4)STROMBOLI'®S:2

PRETTY GOOD!!
IN THE WIZZARD OF 0Z, WHAT WAS THE NAME OF DOROTHY'S DOG ?
1)CICERO, 2)TRIXIE, 3)KING» 4)TOTO:4

YOUR ANSWER IS CORRECT.
WHO WAS THE FAIR MAIDEN WHO ATE THE POISON APPLE?
1)SLEEPING BEAUTY, 2)CINDERELLA, 3)SNOW WHITEs 4)WENDY:1

THAT WAS SNOW WHITE! .
IN *PETER PAN', WHAT DID PETER ASK WENDY TO SEW ON FOR HIM?
1)HIS SHADDOW, 2)HIS POCKET, 3)A PATCH, 4)HIS SLEEVE:1

VERY GOODe.
IN WHAT STORY DID GUIPETTO GET SWALLOWED BY A WHALE?
1)MOBY DICK» 2)PETER PAN, 3)JONAH, 4)PINOCCHIO:4

GOOD CHOICE.THE END!!x%






Lunar Module

ABSTRACT

This is an exciting 21st century game that allows you to pilot your
own spacecraft and land on the moon.

The example that follows was a successful lunar landing; therefore,
some of the data has been removed so it cannot be duplicated with-
out some effort.

Operational Procedures

1.  Load Lunar Module by FOCAL-8.***
2, Type GO and the countdown begins.

3. A sample run follows.
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*WRITE ALL
C-FOCAL» 1969

P1.04
21.06
01.08
21.11
01.20
?1.30
01.40
91.50

92.10
02.20
02.70
P2.71
92.72
02.73

@3.10
03.40
03.50
23.80

Q4.19
B4.40

B5.10
05.20
05.30
05. 40
05.50
25.60
05.79
25.80
95.81
95.90
PS5S.92
05.94
25.98

06.10

- 97.10
27.30

08.10
28.30

09.10
29.40
*

OO e ededoded =

N D o S

w

- N O -

**CONTROL CALLING LUNAR MODULE. MANUAL CONTROL IS NECESSARY"!
*YOU MAY RESET FUEL RATE K EACH 1@ SECS TO @ OR ANY VALUE"!
"BETWEEN 8 & 200 LBS/SEC. YOU'VE 16000 LBS FUEL. ESTIMATED"!
“FREE FALL IMPACT TIME-120 SECS. CAPSULE WEIGHT-32500 LBS"!
"FIRST RADAR CHECK COMING UP"!!!3E

"*"COMMENCE LANDING PROCEDURE'"!"TIME,SECS ALTITUDE,"
"MILES+FEET VELOCITY»MPH FUEL,LBS FUEL RATE"!

L=03S A=1203S V=13S M=330003S N=165003S G=.0013S Z=1.8

" ",%Z3,L," "SFITRCAY," ",%24,5280*%C(A-FITRCA)) ‘
26025 "5 3600%V,"" "s%6.015M-N,"" K='""3A K3S T=10
%27.0231 (K)2.7231 (200-K)2.7231 (K-8)2¢7153¢153.1
(K=0)2:7253¢152.72

"NOT POSSIBLE'"3F X=1,513T "."

"K=""3A K3G 2.7

((M=N)=-.001)4.131 (T-+001)2+13S S=T
CC(N+S*K)=M)3¢553+53S S=(M-N)/K

931 C(IDTelsTel131 (V)3e853831 (JIB.1
63G 3.1

"FUEL OUT AT",L,'" SECS"!
S=(=V+FSQT(V*V+2*A%*G))/G3S V=V+G*S3S L=L+S

""ON THE MOON AT",L,'" SECS™"!3S W=3600%V

*"IMPACT VELOCITY OF'»Ws'" MePeHe'"!,''FUEL LEFT:"

M=N," LBS."!351 (-W+1)5.5,5.5

"PERFECT LANDING !=C(LUCKY)>"!3G 5.9

(-W+10)5¢655¢63T '"GOOD LANDING-C(COULD BE BETTER)'"!3G 5.9
(~W+25)5.755+73T *"CONGRATULATIONS ON A POOR LANDING"!3G 5.9
(-W+60)5.85,5.83T '""CRAFT DAMAGE. GOOD LUCK'!3G S.9
""SORRY,BUT THERE WERE NO SURVIVORS-YOU BLEW IT!"™!"IN "
""FACT YOU BLASTED A NEW LUNAR CRATER">W*.277777,' FT. DEEP'"!
111"TRY AGAIN?"!

""(ANS. YES OR NO)X"P3sI (P-9N0)>5.94,5.98
(P-@BYES)5¢9251¢255.92

""CONTROL OUT'3:@Q

L=L+S3S T=T-S3S M=M-S*K3S A=13S V=J

(S5=-¢B05)5+13S S=2*%A/(V+FSQT(VXV+2*A*(G-Z*K/M)))
93D 63G 7.1

W=C1-M*G/(Z*K)) /23S SaMkV/CZ*K*(W+FSQT(W*W+V/Z)))+.053D 9
CI1)T7e15713D 631 (-J)3¢153¢131 (V)3+153+1,81

Q=S*K/M3S J=V+G*S+Z*(-Q-Q12/2-Q13/3-Q14/4-Q15/5)
I=A-G*xS*S/2-V*S+Z*xS*(Q/2+Q12/6+Q13/12+Q14/20+Q15/30)



*GO

CONTROL CALLING LUNAR MODULE.
YOU MAY RESET FUEL RATE K EACH 10 SECS TO @ OR ANY VALUE

BETWEEN 8 & 200

LBS/SEC.

YOU'VE 16008 LBS FUEL.
FREE FALL IMPACT TIME-128 SECS.

FIRST RADAR CHECK COMING UP

COMMENCE LANDING PROCEDURE

TIME, SECS ALTITUDE,MILES+FEET
= 2 = 120 = [}
= 10 = 109 = 5016
= 20 = 99 = 4224
= 30 = 89 = 2904
= 40 = 79 = 1056
= 50 = 68 = 3960
= 69 = 58 = 3996
= 170 = 49 = 4360
= 80 = 42 = 195
= 90 = 34 = 4219
= 197 27 = 2435
= - 122

130 = ]

= 140 = 3 = o
= 150 = 1 = 960
= 160 = @ = 1582
= 179 = @ = 1763
= 180 = 9 = 238
= 190 = @ = 13

ON THE MOON AT= 191.27 SECS

IMPACT VELOCITY OF=

FUEL LEFT:=

TRY AGAIN?

(ANS+ YES OR NO):

MANUAL CONTROL IS NECESSARY

ESTIMATED

CAPSULE WEIGHT-32500 LBS

VELOCITY,MPH

9¢44 MePeHe.
550.08 LBS.
GOOD LANDING=-(COULD BE BETTER)

2-15

A IO | I N [ B [ A 1}

3600.00
3636.00
3672.00
3708.00
3744.20
3780.00
3410.87

3014-71

257

95
.8+63
.175+14
562+60
65.69
45.91
25.64
4.89

FUEL,LBS

16500.0
16500.0
16500.0
16500.0
16500.0
16500.9
14500.92
12500.0
10500.9
10500.90
"S00.9
T-0

-
2500 .9
1000.9
850.0
700.0
550.0

FUEL RATE
K=:0
K=:0
K=:0
K=:0
K=:0
K=:200
K=1:200
K=:200
K=:0
K=:0
V-

200
K=:200
K=:150
K=2:15
K=215
K=215
K=¢






Management Game

ABSTRACT

The Management Game tests your skills in handling a high level
production budget. It is also a competitive game, in which two
teams challenge one another on a quarterly basis for profit and
loss in the hopes that one will go bankrupt.

Operational Procedures

1.

Load procedure according to FOCAL instructions for loading from high/low speed
reader.***

Issue the GO command; the game immediately begins.

Team 1 should input after the colon ( : ) their estimated production level, advertising
budget, price per unit; Team 2 should also input their estimated budget.

FOCAL will interpret these estimates and state a quarterly return for each team.

An example (listing of the program followed by a sample run) to illustrate this game
follows.
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*W

C-FOCAL,1969

01.01
A1.12
21.20
#1.30
A1.40
2150
#1.55
21.60
Ale64
21465
A1.66
A1.68
A1.69
A1.71
91.73
A1eT4
P1.75
A1.76
A1eT7
7185
A1.87
21.92
P1.93
M1495
f1.97
f1.99

N3e01
2392

NaeDl
N4.02
D4beM4
A44005
D46
D498

B5.91
N5.72
25.23
*

T !""THE MANAGEMENT GAME

SET
SET

C(1)=25AAQA3SET C(2)=C(1)3SET H(1)=19083SET H(2)=H(1)
AC1)=1250003SET A(2)=A(1);3SET T0=250000

T !!'"IF THE JUNIOR EXECUTIVES ARE READY, I AM'"!!3FOR I=1,23D 4

SET
FOR
SET
SET

10=1

I=1,23D0 5

TA=AC(1)+AC(2)3 SET D=AC1)*P(1) + AC2)*%P(2)
QT=32*FSQTC(IQ)*FRANC)

S TO=TO*(1.07+UT*TA/D*100)3F I=1,23D 1+993S SU=SHC(1)+5H(2)

S I=13D0 35S I=23D0 33IF (PDC1)=SC(1))1+68,14683

IF (PD(2)=S(2))1+71517T13SET AC1)=SC1)3SET A(2)=$(2)3G0TO 1.85
IF (-PD(2)+S(2))1.753:

SET
SET
SET
SET
SET
SET
SET
FOR
SET

AC1)=PDC1)3SET AC2)=PD(2)3SET TO=A(1)+A(2)3G0TO 1.85
A(2)=PD(2)3SET RS=TO-A(2)31IF (PD(1)=RS)1:735s1.74
AC(1)=RS3G0TO 185

AC1)=PDC1)3GOTO 1.85

AC1)=PDC1)3SET KS=TO-AC1)3IF (=PD(2)+RS)1.77;3
A(2)=PD(2)3GOTO 185

A(2)=RS

I=1523 DO 1973 DO 4

I0=1Q+13IF (IU-4)1551453

T !'!"DO YOU WISH TO DO ANOTHER YEAR?'"3ASK YS
IF CYN=ONO)1e451955144
T !'!"GOODBYE JUNIOR EXECUTIVES!"

SET HCI)=PDC(I)-ACI)SSET CCI)=CCI)+ACII*P(II)-ACCID)-CICI)D
SET SHCI)=C(ACCII/TAY*(P(1)+P(2))/7(2%P(])) '

SET SHCID)=SHC(I)/SUSSET, SCID)=TO*SHC(IJS3SET PDCI)=UCI)+HCID)
SET CICI)=HC(I)/50n

T !!"QUARTERLY REPORT FOR TEAM",7%1s1,'" FOR QUARTER '",14
T !'1"MARKET SHARE CASH ON HAND NUMBER SOLD INVENTORY"
T 1178e02,100%SHCI)S"7% $"5CCI)s'"  "5%49,ACI)»" ", Z7,HCI)
IF (CCI))4.0654.D654408

T YITEAM'™ 5 215" 1S: kkkkkkkkkBANKRUPT %%k % %k k koK k'

T !

T 'I1"TEAM"57%1,1,'" INPUT PRODUCTION LEVEL'"3ASK UCD)

T '"I"TEAM'", I, INPUT ADVERTISING BUDGET"3ASK ACCI)

T 'I"TEAM',1," INPUT PRICE PER UNIT"3ASK PCI)
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*GO
THE MANAGEMENT GAME

IF THE JUNIOR EXECUTIVES ARE READY, I AM

QUARTERLY REPORT FOR TEAM= 1 FOR QUARTER = 0
MARKET SHARE CASH ON HAND NUMBER SOLD INVENTORY

= PDeQB7Z = 250000.00 = 125900 = 1020

QUARTERLY REPORT FOR TEAM= 2 FOR QUARTER = @

MARKET SHARE CASH ON HAND NUMBER SOLD INVENTORY
= De@N% $= 25002000 = 125009 = 1000
TEAM= 1 INPUT PRODUCTION LEVEL:1229

TEAM= I INPUT ADVERTISING BUDGET:57222

TEAM= 1 INPUT PRICE PER UNIT:100

TEAM= 2 INPUT PRODUCTION LEVEL:15929

TEAM= 2 INPUT ADVERTISING BUDGET:7500

TEAM= 2 INPUT PRICE PER UNIT:99

QUARTERLY REPORT FOR TEAM= 1 FOr WUARTEK = 1
MARKET SHARE CASH ON HAND NUMBER SOLD INVENTORY

= 3750% $= 444980.00 = 2009 = 2

QUARTERLY REPORT FOR TEAM= 2 FOR QUARTER = 1

MARKET SHARE CASH ON HAND NUMBER SOLD INVENTORY

62¢59% %= 467487.00 = 2500 = %)

TEAM= 1 INPUT PRODUCTION LEVEL:






Perpetual Calendar

ABSTRACT

Given the month, day, and year, the Perpetual Calendar will type
the day of the week.

Operational Procedures

1. The Perpetual Calendar is loaded by FOCAL-8.*

2. Type GO, respond to the dialogue, and your answer is immediately typed back.

3. A sample run follows.

*

C-FOCAL», 1969

A1e10
21209
A139

ASe 4
2550
BS.60
D570
AS«80
35.85
B5.90

N6.10
N6e15
0620
D621
D622
D623
D624
P6.25
D626
D650
*

*GO

ASK !"WHAT IS THE DATE ? (MM/DD/YYYY) '""MsKsCs!
S C=C/1993S D=FITRC(«1+109*%(C-FITR(C)))I3S C=FITR(C)
S M=M=23 IF (M) Sed5 543 GOTO Se5

S M=M+123S D=D-131 (-D)S5¢5,5.53S D=993S C=C~-1

S X=FITR<FITRL[Z2+6%M=e2]1+K+D+FITRID/43+FITR(C/4)-2%C>
IF (X=6) 5¢755¢735 X=X-73G 5.6

T !"THE DAY IS "3 DO 6.1

IF (M*1E6+K*¥1E4+C = () )5¢955¢8555¢9

T '™ » TODAY !'"

T !'!'s GOTO 1.1

I (X)6e2656¢231 (X=2)6¢2156e2256015
I (X=4)6¢2356e24351 (X=6)662556+263
T '"SUNDAY

T '"MONDAY

T "TUESDAY

T "WEDNESDAY
T "THURSDAY

T "FRIDAY

T '""SATURDAY

ASK MsKsC3D0 123D 1433 SET Q=M*1E6+K*1E4+C3G0TO 1.1

WHAT IS THE DATE ? (MM/DD/YYYY) :10

12
21492

THE DAY IS WEDNESDAY
WHAT IS THE DATE ? (MM/DD/YYYY) :
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Towers of Hanoi

ABSTRACT

The Towers of Hanoi is a challenging game in FOCAL and an
example of recursive programming.***

Origin of Game

According to legend, a secret society of monks lives beneath the city of Hanoi. They possess
three large stacks of towers on which different size disks may be placed.

Moving one at a time and never plaéing a larger on a smaller disk, the monks endeavor to move
the tower of disks from the left stack to the right stack. Legend says that when they have fin-
ished moving this 64-disk tower, the world will end!

What is the minimum number of moves they will have to make?

Using this program you can try your hand at a small stack or watch the computer solve it.

Method of Operation

The program is written in FOCAL and will run on a 4K PDP-8. To start the program, type GO,
followed by a carriage return. Type a space following any response made to a question asked by
the program. To terminate the program at any time, type a CTRL/C. The program must be run
without extended functions.

The program first asks for the number of disks (3 to 8). It then asks for the output desired:
either a plot of the disk positions or a list of the moves. The final question determines whether

you will make the moves manually, or if the program will proceed automatically (0 to 1).

A move is selected by determining the stack out (SO) and the vertical disk number out (NO),
and the stack in (S1) and the disk number in NI1). Error checking is not performed.
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Thus, the next move is this example : SO:1 NO:2 SI:2 NI:3

Algorithm

DISK:
] 1
T1T1-
{ |3
STACK: 1 2 3
— \ . 1 —
2 2
[ 1 3 [ ] 3 013
1 2 3

08-0509

The stacks are internally represented as an array (SS). The value of a member of this array repre-
sents the size of the disk in that position.

DISK
1 o] oo
‘ 2 ol oo
3 3] 2 |1
STACK 1 2 3

Explanation of Tower of Hanoi Program

Group 1

Group 2

Main Program

Ask for number of disks to be moved.
Initialize the stacks.

Move the stack (DO 2).

Move a specified stack.

Save move request.

To move this stack first move all but one disk (i.e., NO-NO-1).

If the resultant stack has an odd number of disks, move the stack to temporary
storage (i.e., SI=6-SO-SI).

If no disk remains to be moved in the output stack, return (line 2.3).

Find the first free position on the input stack, (line 2.5).

Move the remaining stack and the bottom piece (line 2.6). Then move that stack
back onto the bottom piece (lines 2.7, 2.8).

Restore move request and return (line 2.9).
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Group 5 User must specify which stack for output (SO) and which disk to move (NO).
No check is made if the user cheats. (This opens the possibility of inventing new
games, by the way.)

A check is made to see if the user has finished (lines 5.4 and 5.5).

Group 6 Execute a single move.
SO and NO and Sl and NI are used to transfer a piece.

Group 23 Plot the status of the board.
Each piece has a size value kept the stack array SS (I).
The stacks are scanned (line 23.1) and positions on each stack are checked.

*4
C-FOCAL, 1969

D105 T !'" TOWERS OF HANOI."!3E
0119 A " NOe OF DISKS? "Ns!

D1.20 F I=1,N3S SS(I)=1

D130 S SO=13S SI=3

D140 S NO=N3S NI=N3S I=0

D1+45 A "MOVES#0Q, PLOTS#1 ? °''MOVE,!
@146 IF (MOVE)ERR,1.473 DO 23

D1+47 ASK 'AUTO#0, MANUAL#1 ? ",A,!
2150 I (-A)S.13D 23T !!"DONE !""!!;Q

D220 I [SS<(SO-1)*N+NO-1>1ER,2.953

B2.30 S 1I=I+13S NOCI>=NO3S SO(I)=S03S SI(I)=SI
8258 S S1=6-S0-SI3S NO=NO-13D 33S TE(CI)>=NI3D 2
02.68 S SI=SICI>3S NO=NO+13D 33D 6

@270 S S0=6-S0-SI3S NO=TE(I); DO 33 DO 2

D280 S SI=SICI)3S SO=SO(I)3S NO=NOCI)3S I=I-1
92.99 R

P2+95 D 335D 63R

23«10 S NI=N

P3.20 I [SSCCSI-1)*N+NIJ>IER»3.33S NI=NI-13G 3.2
B3¢30 R

0510 A ? SO NO ?2!? SI NI ?!3D 6

0530 S A=0 )

0S5.40 F I=1,N*23S A=A+SS(I)

0550 1 (-A) S.13T !"WELL DONE!''!3Q

B6+10 S DO=(SO-1)*N+NO

06420 S DI=(SI-1)*N+NI

0630 S SS(DIY=SS(DO)

P6+.40 S SS(D0)Y=0

0650 I (MOVE)E»6.73D0 233R

P6.70 T '%22,2S0» NO, !SI, NI,?!

23410 F J=1,N3T !3F K=0,703D0 23.3

23.20 T I!!113R

2330 IF [K-15+SSCJ)*2123+631F [-K+15+SS(JI*212363T "#
23460 IF [K-35+SSC(J+N)*2123«73IF [-K+35+SSC(J+NI*2123.73T "#
23.77 S K=1003R

23.80 T " "
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*GO

TOWERS OF HANOI.
NO. OF DISKS? :3

MOVES#0@», PLOTS#1 ? :1

AHHRHE
HEBRURBHA
HERBRERBAAREH

AUTO#0, MANUAL#1 ? :0

# .
BRBBERBHY
RUBBRBHBRHBRR

#
#
HRARRBBHBRAHBREY

#
#
RABURBBRRBRERH

Sk

HURHY

ARUWHE

3%

DONE !

*

3

#
#
RURBHRERY

#
REREHE
RERUBHERH

#
#HEHHA

YT

#
#
HABERERBH

T W W

*®
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AHRHRH

#EHA#HA

*

#
#
HERRELBHARERE

#
#
RURRRBRBRRRHH

#
rARBRGANE
RAURURHRBRERY

#unn#
HURBURBAY
HEBRBEGRBBHAE



*GO

TOWERS OF HANOI.
NO. OF DISKS? :4

MOVES#@, PLOTS#1 ? :0

AUTO#0, MANUAL#1 ? :g

SO0,= 1 NO» = 1!
SI,= 2 NI,= 4
S0, = 1 NO» = 21
SIs= 3 NI,= 4
SO0,= 2 NO»= 4!
SI,= 3 NI,= 3
S0s= 1 NO,= 3!
SI,= 2 NI,= 4

SO0,= 3 NO,= 3!
Sis= 1 NIs= 3

SO0,= 3 NO»= 4!
SlIs= 2 NI,= 3
SO = 1 NO»,= 3!
SI,= 2 NI,= 2
S0, = 1 NO,= 4!
SI,= 3 NIs= 4
S0,= 2 NO,= 2!
Sis= 3 NI,= 3
S0,= 2 NO»,= 3!
Sl,= 1 NI,= 4
S0,= 3 NO» = 3!
Sls,= 1 NI,= 3
S0,= 2 NOs>= 4!
Si,= 3 NI,= 3
S0, = 1 NO» = 3!
Sl,= 2 NIs= 4
SO, = 1 NO»= 4!
SI,= 3 NI,= 2
S0,= 2 NOs = 4!
SI,= 3 NI,= 1
DONE !

*
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Word Game

ABSTRACT

Word Game is easy and fun to play. The player must choose a
number; then he must guess the word stored in that number. For
example: the computer asks “Which word no.?: 1.” (User re-
sponded with a one.)

LN N O T (this indicates the number of letters in the word)

GUESS A LETTER: E, MEM
GUESS A LETTER: T, M™EM (“T" is not a letter of this word)

The game continues until all the letters have been identified.

Operational Procedures

1. Load Word Game via FOCAL-8.
2. Type GO, respond to the dialogue, and the game begins.

3. A sample run follows.
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*WRITE ALL
C-FOCAL,» 1969

@121 T !'" 'WORD GAME' USES A SPECIAL 'FADC' FUNCTION.'!
8105 T %5, !"THERE ARE "1, TO "Q-1," HWOrDS«'"!

2110 A !" WHICH WORD NO. ? ' Z,!

P1.23 IF (Q-1-Z)1.13

@130 SET JS=03 SET KF=NL(Z)-1

Al1«40 FOR J=09,Z-13 SET JS=JS+NL(J)

0159 SET JF=JS+KF

21.60 FOR J=0,KF3 SET N(J)=FADC(39)

B2.10 ASK !" GUESS A LETTER"L," "
D215 IF (L)2e5,201652.2

P2¢16 SET L=5

P2.29 S K=93F J=JS,JF3D 535S Z=FADC(N(K-1))
02.25 SET Z=0

D230 FOR J=@,KF3 DO 6

240 IF (Z)s1.152.1

02.50 S K=03F J=JS>JF3D 53S Z=FADC(X)
A2.69 GOTO 1.1

05.92 S X=FITR(J/4)

B5.04 S Z=J-4%X

D586 S X=M(X)/40t(4=-2)

B507 S X=FITR<«4+40%(X-FITR(X))>
@501@ IF (X=L) 5¢3s5¢255.3

25.20 SET N(K)=L

85392 S K=K+1

B6.10 IF (30-N(J))»6.23R
D620 SET Z=Z+1

3701 E

B7.02 S X=03 S K=9

P7.95 S 0=Q+13 S NL(Q)=983 T !!
B7«10 ASK L3 IF (L)7e¢255715572
A7.15 S L=5S

P720 S M(X)=M(X)*4D+L3 S K=K+1
0725 S NLCQI)=NL(Q)+1

D730 IF (K=4*%FITR(K/4))Tel5T7e45741
B7.40 S X=X+13 S K=@3 GOTO 7.1

98+10 FOR Z=1,Q-15 SET JS=JS+NL(Z)
P8«15 3S K=0

98.20 FOR J=0,JS3D0 53 S Z=FADC(X)
*

2-30



*GQ

'WORD GAME' USES A SPECIAL 'FADC® FUNCTION.

THERE ARE = 1 TO = 9 WCkDS .

WHICH WORD NG. ? 1

teere?T

GUESS A LETTER:E » ttET?
GUESS A LETTEK:T/ ttEte
GUESS A LETTER N/ tetEe
GUESS A LETTEK:0/ ttEtTe
GUESS A LETTER:1/ ttEt?
GUESS A LETTER:R/ ttEte
GUESS A LETTER:S/ ttESS
GUESS A LETTER:R/ ttFSS
GUESS A LETTER:A/ ttESS
GUESS A LETTER:G/ GtESS
GUESS A LETTER:U/ GUESS

WHICH WORD NQO. ? :2/
trrreeee
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. MATHEMATICAL
ROUTINES






A. Education






Addition Exerciser

ABSTRACT

This educational routine is designed for elementary school children.
The purpose and result of this routine complement each. other. First,
the purpose of this routine is to quiz the child in basic addition; there-
fore he may learn to associate numbers and quantities at a more rapid
pace. The result of this is that the student is introduced to the com-
puter at an early age. He will eventually conclude that he can not only
learn and have fun with the computer, but he may also conclude that
it is a very applicable tool. And there is always that chance that later
in life he may remember his past experience.

Operational Procedures

1. Load Addition Exerciser via FOCAL-8.*

2. Type GO and execution begins.

3 A sample run follows.

*WRITE ALL

o

C-FOCAL, 1969

21.05
D110
21.20
01.30
01.40
21.50
N1.60
B1.70
21.80
21.90

02.10
02.20
D2+ 40

93.10
B3.20
D330
*

TYPE ''HELLO, PLEASE ADD THE FOLLOWING SETS OF NUMBERS.'"!
SET A=FABS( FITRC(100*%FRAN()))3 SET BFABS(FITR(99%FRAN()))
TYPE %75 A» !By !"==cec== B R

ASK REPLY,!

IF (REPLY=-A=-B) 2¢151¢552.1

SET WR=QYPE "THAT IS CORRECT.'!

GOTO 1.

TYPE ? (625-1)12, (376-1)>12, ?
T !? (25-1)12, (76-1)12, ?

T !

SET WR=WR+13 IF (W2) 2¢252¢2,31
T "SORRY» TRY AGAIN,''!3 GOTO 1.2
TYYPEERASE ALL

T "IF YOU ARE HAVING TROUBLE, ASK YOUR TEACHER FOR HELP.'!

TYPE '"THE CORRECT ANSWER IS "A+B,!
GOTO 1.1
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%)

*(30)

HE1 1 D5 PLEASE ADD THE FOL)I DWINA SFTS OF NIIVRERS.
= A

= 73

THAT IS CORRECT.
= fq9
= 53

THAT 1S CORRECT.
6h
79

97

SAIRKYs TRY AGATN,

= Q7
= 8K
L1154

SORRYs TRY AGATN,

= 7
= S8
215A

TF Y2 ARF HAVING TROURLIF, aSk YI)IR TEACHFR FIR HEI P,

THE CORRECT ANSWER IS = 155%
= Al
= RA
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Numerical Relationships

ABSTRACT

This conversational routine causes the student to think about
various numerical relationships. This routine should arouse the
curiosity of the student enough to discover and to draw his own
conclusions of numbers and how they relate to each other.

Operational Procedures

1. Load Numerical Relationships via FOCAL-8.
2 Type GO and the program begins.

3. A listing and sample run follow.*

*WRITE ALL
C-FOCAL,»1969

P1.05 T !!"HI, THINK ABOUT THE FOLLOWING RELATIONSHIPS :"!!

f1.10 TYPE !!%Z6,? FSQT(169), FSQT(961), FSQT(169%961), 21!
01.20 TYPE ' 13 * 31 = " 13*31,!

0130 T '1!1!"DID YOU KNOW THAT A AUTOMORPHIC NUMBER

@140 T !"IS ONE WHICH REAPPEARS AT THE END OF ITS SQUARE?

9150 T !"HERE ARE A FEW: *'!!? 512, 612, 252, 7612, 2!
01.60 T !'? 62512, 37612, 211!

P1.70 TYPE ? (625-1)t2, (376=-1)12, ?

D1.80 T !'? (25-1)t2, (76-1)12, ?

P1.90 T !!

P2+.10 T !!!!"TWO FACTORS WHOSE PRODUCT IS 1 ARE CALLED RECIPROCALS.
92.20 TYPE !,''374 IS THE RECIPROCAL OF 4/3

92.383 T !»,'4/3 IS THE RECIPROCAL OF 3/4"!

@2.49 TYPE !,'"WE USE RECIPROCALS WHEN ‘WE DIVIDE BY RATIONAL NUMBERS
02.41 TYPE !»? 37C1/74)72,1? 3*4 751!

P2.42 T ,? 8/(2/532,!? 8%(5/2)7,1!? 10/7(5/6)?,!? 10%(6/5)72,5 1!
P2.43 TYPE ? (7/10)/7€1/180)72, 72 (7/10)*C100/1)2,!!

02.44 TYPE ? 2.5/(€2/5)2,17? 2.5%(5/2)?, 1!
*
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*GO

HI, THINK ABOUT THE FOLLOWING RELATIONSHIPS :

FSQTC(169),= 13 FSQT(961),=" 31 F5QT(169%961),= 403

13 * 31 = = 493

DID YOU KNOW THAT A AUTOMORPHIC NUMBER
IS ONE WHICH REAPPEARS AT THE END OF ITS SQUARE?
HERE ARE A FEW:

St2,= 25 612,= 36 2512, = 625 16t2,= 5776
62512,= 390625 376t2,= 141376

(625-1)t2,= 389376 (376-1)12,= 140625

(25-1)12,= 576 (76-1)12,= 5625

TWO FACTORS WHOSE PRODUCT IS 1 ARE CALLED RECIPROCALS.
374 1S THE RECIPROCAL OF 4/3
4/3 IS THE RECIPROCAL OF 374

WE USE RECIPROCALS WHEN WE DIVIDE BY RATIONAL NUMBERS

3/7C1/74)= 12

3%4 = 12
8/7¢2/5)= 20
8%(5/2)= 20
18/7(5/6)= 12
10%(6/5)= 12
(7/7103/7¢1/100)>= 70
(7/10)%C19071)= 70
2.5/¢2/5)= 6
2.5%(5/2)= 6



Prime Factors of Positive Integers

ABSTRACT

By inputting a positivé integer, this FOCAL-8 demonstration
routine will dump on the Teletype all of the prime factors of the
specified integer.

Operational Procedures

1. Load Prime Factors of Positive Integers by FOCAL-8.*

2. Type GO and respond to the request for a positive integer and the prime factors will be
typed.

3. A sample run follows.

*WRITE
C-FOCAL,1969

©1+18 ASK !!"A POSITIVE INTEGER>1 PLEASE" N ,!!3SET DI=23SET PH=0
D111 IF (FITRC(N)=N) 1+13IF (N-1) 1.13SET P=N

01.20 IF (P/DI-FITRC(P/DI)) 1¢451.351.4

P1.38 TYPE '"PRIME FACTOR'" DI,!3SET P=P/DI3GOTO 1.2

B1e40 IF C(1-PH) 1¢151¢53SET PH=13SET DI=DI+13GOTO 1.2

01560 SET DI=DI+23IF (DI-P) 1+651¢63 TYPE !"DONE'"!3GOTO 1.1

@1.60 IF (DI-FSQT(FABS(N))) 1.2,1.23SET DI=P3GOTO 1.2

*
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*GO

A POSITIVE INTEGER>1 PLEASE:100

PRIME FACTOR= 2.00
PRIME FACTOR= 2.00
PRIME FACTOR= 5.00
PRIME FACTOR= 5.00

DONE

A POSITIVE INTEGER>1 PLEASE:10

PRIME FACTOR= 2.00
PRIME FACTOR= 5.00

DONE

A POSITIVE INTEGER>1 PLEASE:50

PRIME FACTOR= 2.00
PRIME FACTOR= 5.00
PRIME FACTOR= 5.00

DONE

A POSITIVE INTEGER>1 PLEASE:33

PRIME FACTOR=. 3.00

PRIME FACTOR= 11.00

DONE

A POSITIVE INTEGER>1 PLEASE:4096

PRIME FACTOR= 2.00
PRIME FACTOR= 2.00
PRIME FACTOR= 2.00
PRIME FACTOR= 2.00
PRIME FACTOR= 2.00
PRIME FACTOR= 2.00
PRIME FACTOR= 2.00
PRIME FACTOR= 2.00
PRIME FACTOR= 2.00
PRIME FACTOR= 2.00
PRIME FACTOR= 2.00
PRIME FACTOR= 2.00

DONE



Prime Number Generator

ABSTRACT

Input any given number and the Prime Number Generator will
type all the prime numbers of the specified number.

Operational Procedures

1. Load Prime Number Generator by FOCAL-8*
2 Type GO and input a number and the prime numbers will be typed.
3 A sample run follows.

*WRITE ALL
C-FOCAL, 1969

Ple10 A ?N?,!3S PR=13S TS=33T "PRIME",2
0120 S PR=PR+423 IF (PR=N)1+451¢3,51.3
91.30 T !> "DONE '3 GOTO 1.1

D140 IF (TS-FSQT(PR))1e65165145

0150 T !',"PRIME",PR3S TS=33GOTO 1.2
2160 IF (PR/TS-FITR(PR/TS))1e851¢751.+8
P1+7@ S TS=33GO0TO 1.2

P1.80 S TS=TS+23G0TO 1.4

*



*GO
N:6
PRIME= 2.00
PRIME= 3.00

PRIME= 5.00
DONE N:19

PRIME= 2.00
PRIME= 3.00
PRIME= S5.00
PRIME= 7.00
PRIME= 9.00
DONE N:100

PRIME= 2.00
PRIME= 3.00
PRIME= 5.00
PRIME= 7.00
PRIME= 9.00
PRIME= 11.00
PRIME= 13.00
PRIME= 17.00
PRIME= 19.00
PRIME= 23.00
PRIME= 29.00
PRIME= 31.00
. PRIME= 37.00
PRIME= 41.00
PRIME= 43.00
PRIME= 47.00
PRIME= 53.00
PRIME= 59.00
PRIME= 61.00
* PRIME= 67.00
PRIME= 71.00
PRIME= 73.00
PRIME= 79.00
PRIME= 83.00
PRIME= 89.00
PRIME= 97.00
DONE N:
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Right Triangle

ABSTRACT

Given the length of the first side and the degrees of the adjacent
angle, this routine computes the hypotenuse, the length of the
second side, and the number of degrees for the other angle.

a2

al
s2

Operational Procedures

1

2.

Load Right Triangle by FOCAL-8.
Type GO, supply the length of S1 and the degrees of the adjacent angle.
The results will be dumped on the Teletype.**

A sample run follows.

39



C-FJ3CAlLe«s 1968

Ale.1Mm ASK "STINE S1 EAUaLs'™ St

Al1e«2a A ' ADJACENT ANGLE A2 EAUALS' A2;3 TYPE "DEGREZST!!
A1.37 S RATIN=3141592/13%743 SET A1=97-A2

Alean SET HYP=S1/FSINCAI*RATII)3 SFT S2=FSAT(HYP12-5]12)
A1.5A T "SIDE S2 ", 5251, "HYPITENUSE'", HYP,!

116 T "ANGLE A1', a1, !

*

* (1)
SIDE S1 SAUALS:S

ADJACENT ANGLE A2 KNIALS: 3N
NEGREES

SIDE §2 = 2.89

HYPOTENUSE=  S.77

ANGLFE Al= 6M.720

*6G0

SIDE St EQUALS:1A

ADJACENT ANGLZ A2 EQUALS:4a4
DEGREES

SIDE S22 = 9.A6
HYPOTENUSE= 13.90
ANGLE Al1= 46.00

*

3-10



B. Mathematics






- Automatic Curve Fitting

ABSTRACT

By stating five end points, the Automatic Curve Fitting routine
will compute and print the coefficients of the fourth order equa-
tion that fits these end points. Output may be one or all of the
following:

a. Data
b. Plot of the graph on the TTY
c¢. None {no output).

Operational Procedures

1. Load this demonstration program by FOCAL-8.*
2. Type GO and input the five end points. Execution begins.

3. A sample run follows.
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*WRITE ALL
C-FOCAL, 1969

21.85
P1.10
21.20
01.30
01.50
P1.60
2170
21.80
21.90
01.91

P2.10
22.20
B2.30
02 40

83.10
23.20
83.30
03«40
93.50
03.60
23.70

04.10
04.20
04.30
P4.35
D440
D4. 45
04.50

25.10
05.20
©5.30
B5.40
05.50
*

Do 5

ASK !!!'" INPUT '3 FOR L=@s43 ASK ACL)

S AB=(A+A(4))/23 S SB=(A(4)-A)/2

S AS=(AC1)+A(3))/23 § SS=A(3)-A(1)

S A2=(AB~AS)>*4/33 SET A3=(SB-SS)*4/3

S AP=AB-A23 S A1=5B-A3

S TA=AG-A1/2 + A3/23 S TE=AD+Al1/2 - A3/23 S AM=A0-A(2)
TYPE !?A07?,? Al1?,? A2?,? A37?,!!? TA?,? TE?,!!!
ASK "OUTPUT ? "Xs!! 3 IF (X-ONONE)1.91,1.1

IT (X‘BPLOT)20192031201

T" X COMPUTED APPROX"!3F K=1,2,73D 3
GOTO 1.9

FOR K=1,413D0 4

GOTO 1.9 \

S X=K/4-1

IF (X) 3¢353¢553.4

S X=X-2E-6

S X=X+1E-6

S Y1=A0 + Al*X + A2%Xt2 + A3*Xt3

S

Y2=Y1~-AM*(1=X12)*(1-4%xXt2)

TYPE %6.035X5Y1,Y2,!

SET X=(K=-1)/20-1 3 DO 3.5

FOR L=0,935 T ™ *

TYPE '+" #3 FOR L=0,9+20%Y13 TYPE " "
TYPE """ #

IF (K=1-10*FITR<(K=1)/10>),4.455T !3R
FOR L=0,9+20*%A(K/10)3 TYPE * *

T

-

"x" ! 3 R

I"GIVEN AN 'INPUT' OF FIVE POINTS, THIS ROUTINE WILL
!'"COMPUTE AND PRINT OUT THE COEFFICIENTS OF A 4TH ORDER
{"EQUATION THAT FITS THE END POINTS. THE USER

I""MUST JUGE HOW GOOD IS THE RESULTANT FIT AT THE
!"*"MIDDLE POINT. OUTPUT MAY B°'NONE', °*DATA', OR °PLOT'.



*GO

GIVEN AN 'INPUT®' OF FIVE POINTS, THIS ROUTINE WILL

COMPUTE AND PRINT OUT THE COEFFICIENTS OF A 4TH ORDER

EQUATION THAT FITS THE END POINTS. THE USER

MUST JUGE HOW GOOD IS THE RESULTANT FIT AT THE

MIDDLE POINT. OUTPUT MAY B°'NONE', °'DATA'>s OR 'PLOT'.
INPUT 2¢1553¢752¢5 38 3.0

Af= P98 Al= .16 A2=- B+98 A3=- B.23

TA= B.78 TE= 117

OUTPUT ? :PLOT

* O* ¥ * * X ¥ *

*

.
.
.
.
3
.
3
.
.
.
.
.
.
3
.
3
.
.
3
3
.
.
3
.
.
.
.
.
.
.
.
.
3
.
3
.
3
.
.
3
X
N

OUTPUT ? :NONE 313






Base to Base Integer Conversion

ABSTRACT

The New Math introduced the idea of representing numbers by
their place value other than multiples of 10. For example: 123,
base 10, is 1 x 10°> + 2 x 10" + 3. A number in base 8 (octal) is
abcora*82 +b *8! +c. A binary number is a number whose
base is 2. Only numbers less than the base itself may be used as
digits; thus, in base 2 only Os and 1s may be used, and in octal
representation only 0, 1, 2,. . . 7 are used. For those numbers
larger than 10, one must assign special symbols to digits greater
than 9, such as JOK (Jack, Queen, King) for numbers in base 13.

By using place value representation in base 10, any numerical
equivalences can be checked.

For example:
octal: 3*8+2*8!+0
equals

binary: 1*2% +1%27 +0+1*2°+0+0+0+0
or it may be represented by the following expression:
320); = 11010000),

Operational Procedures

1.

2

Load Base to Base Conversion with FOCAL-8.*
Type GO and execution begins.

The user must give:
a. The number to be converted
b. The base number of the representation

¢. The base number of the desired representation.

A sample run follows.
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eeeeecee
C-FOCAL, 1969

P1.94 T !"BASE TO BASE INTEGER CONVERSION ROUTINE.™!!
@185 ASK ''CONVERT',D,'" FROM BASE'",B1,'" TO BASE",B2,!
@110 SET I=13SET ANS=0

B1.20 SET E=D/(101t1)3 SET R2=FITRL[+5+(E+.000085-FITR(E))*1/{
2130 SET ANS=ANR2*B1t(I-1)3 SET R2=R2%10t(I-1)

P1.40 SET D=FITR(D)-FITR(R2)3 IF (D) 1¢5, 15,1441
B1.41 SET I=1+13 GOTO 1.20 ‘
01.50 SET J=20

B1.60 SET I=ANS

21.70 SET A=1/B2

21.80 SET I=FITR(A)

P1.90 IF [~Al 191, 1.93

D191 SET D(J)=(A-1)*B2

B1.92 SET J=J=-13 GOTO 1.7

#9193 FOR L=J-20,-13 TYPE 7Z2, D(21+L)

B1.94 TYPE !!!3ERASE

D195 GOTO 105

*@eeeeeoce0Pe0P@PeeR@EPRRREe
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Correlation Calculations

ABSTRACT

By inputting the number of column variables, Correlation Cal-
culations will calculate the correlation points.

Operational Procedures

1. Load Correlation Calculations via FOCAL-8.*

2. Type GO and input the number of column variables. Execution begins.

3. A sample run follows.

*RITE ALL
C-FOCAL, 1969

D110
21.20

95.10
05.23

27410
¥Te11
97.12
27413

1913
10.20
19.21
10.25
19.26
1040

11.18
1120
11440

14.10
14.29

14.30
*

D7

G

L 2 2} T2 - =D (2%}

e I I >

141

"N=N+13F I=15K=-13S S(I)=SCI)+D(I)3D 5.2

SSCID=SSCIX+DCINI*DCI)3S SCCI)=SCCIX+DC1)*DCI)

'"CORRELATION CALCULATOR
!""CORRELATES ALL COLUMN

%3e25"'Y' TO CONTINUE INPUT,

VARIABLES TO FIRST» CAPACITY 13", !3E
"TYPE NUMBER OF COLUMN VARIABLES'"sKs!

'h!'

TO TERMINATE INPUT",!!

'Y, "CORRELATIONS'",!!,'"~-~VAR---COR=""5!

DC1)=FSQT(N*SSC(1)=SC(1)X*S5C1))

(DC1)) 1025510451025
I=1515K3D 11

!5 "IMPROPER MAIN",5!3QUIT

DC2)=FSQTIN*SSCI)=SCII*SCINIsT (DC(2)) 112511045112
D(3)=(N*SCCI)=SC1)*S(I))/(D(2Y*DC1))3T I,D(3), !3RETURN

I1,35" %", !3RETURN

"MORE?",DC1)31 (DC1)=0Y) 10.1,14+2,1041

I=1,X3A DCI)
!'35D 553G 141






Exact Factorial

ABSTRACT

Answers are occasionally required with greater precision than is
possible in a single variable. One such occasion is the exact com-
putation of a large factorial, which requires multiple precision
(i.e., enough to hold all of the answers).

This routine facilitates computing the factorial. The maximum
factorial that can be computed is 200.

Operational Procedures

1. Load Exact Factorial by FOCAL-8.*

2 Type GO and input the number for which the factorial is to be computed. Execution
begins.

3. A sample run follows.
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*ERNCARRARAEARARNAANANRAAARGAABANAORANALLIERARAGANDARRAENANADARE
C-FOCAL»1969 '

71005 FRASE

A1 «MR ASK !""UHAT IS THE NUMBRER? '"'Ns!!

N1«A9 SET 7=13 FOR I=1,N3 SET 7=7Z%I

M1172 TYPF %RsNs' FACTORIAL IS APPRIOXINATELY "%,7,!!
N1.20 TYPE !"THE =XACT ANSWER IS !

M1e3A SET SC1)=1 3 S&ET MAXK= 1 3 SKET C=1M2n0
M1+40 FOR X=1,M3 DO 2

MesS T ! "

2157 FOR Z=1,MAX3 DO S

A1e72 T Y44 OUYIT

A2.10 FIR I=1,MAaX3: DO 3
A2.2% F I=1,MAX3DN0D 4

A3e10 SET SCII=SCI)*X
M3e2A TF (I+1-FAX)3e353e¢335 SKET T=MAX+]
73«39 R

A410 IF (SCI)-C)4e33 SET Z=FITR(SCI)/C)

A4e27 STT SCII=SCI) - C*Z

MN4e25 S SCI+1)=SCI+1)+73 IF ( I-MAX)4e3 3SET VMAX=T+1
MN4e¢37 R

A5 eM5 SET I=MAX+1-7

A5e26 T 7Z15"5"

M5e¢17 IF (7*%FITRCZ/7)-7) 523 TYPE !
A5e200 FOR J=1533 DO A

M6e1@ SET X=FITR(SCII/Z1At[3=-01)
76.2% TYPE X

N6e37 SET SCIN=5CI)=-1M1[3-J3%X
*BRRARAANANAARRNNABALGARARIAAZRNNHANIARARNRRAEIRA

*GO
WHAT 1S THE NUMBER? :191]

121 FACTORTAL IS APPROXIMATELY M.9425R9F+1607

THFE EXACT ANSWER IS

» @A 9, 42 5, 9 4 7, 75 9» 8 3 8, 35 95,
42 N0 8 S 15 6 2 35 1 2 45 4 8 2, 9 3 6 T 4 9
S 62, 31 25 79 45 70 25 5 43, 7 68, 3217
R R 9, 35 3s 41 65 9 7T 7> 59 9, 31 6, 2 2 1>
47 As 574 3, 3R 75 B 6 155 9 1s 872 8 3 4 6
91 1s 6 235 490, @A 3,5 49, 59 9, 5K 3
36 95 TN hAs 3 A 25, 60 35 2 6 45 70 02y 2 74 Dy
A AN, AN A, A0 N, DA A 7% N 7 A2
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*GO
WHAT IS THE NUMBER? :200

20m FACTORIAL IS APPROXIMATELY QA.78B64T7E+375

THE EXACT ANSUWER IS

s T R Ry 65 75 8 6 Ts 3 & 45 7T 9 A, 5 A 3
552, 36 3,221 3,2 932, 185, 762, 29 5,
1 35, 97 75 6 8 75 1 7T 3, 2 6 35 2 9 45 7 4 2,
5 335 2 4 45 35 95 4 4 95 9 6 35 4 M 35 3 4 2
921, 34 4, 2 8 45 B3 1 1, 98 45 6 2 3, 90 45
1 77, 212, 1 38 916G, 638 8307, 25 7,
6 42, 79 %5 2 425 6 3 75 1 % 5, % A 15 9 2 6
6 2 45 95 2, 8 2 9, 9 3 1s 1 1 3 4625 85 7T
2 7 0, 7 6 35 31 75 2 3 75 39 65 9 R 8, 9 4 3»
9 2 2s 4 455 6 2 15 45 1s 6 6 45 2 4 0s 25 4,
M 33,29 1, 8 6 45, 1 3 1 22 T 42 2, 2 9 4,
B S5 3, 27 755 2 45 2 42, 4434 7, 5 7 3, 9 7 3,
2 40, 32 1s 25 7> 405, 57 95 5 6 85 6 6 7,
22 As D 3 1s 90 45 1 T A 3 2 45 0 6 25 3 5 1»
T 0 2 B85 K, 7 9 A5 1 7T Rs 9 2 2, 2 2 2, 7 R 9,
623, 7973, 89 7, 37 4, 720, 0087, 00 0,
N0 R A A A A0 A O A As O N A @ O Ay A A Oy
N0 A OO Ay A A A5 A 0 As A A Ay A A A, A A A

*
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Least Common Multiple

ABSTRACT

Least Common Multiple, a mathematical FOCAL-8 demonstration,
computes the least common multiple for a specified set of numbers.

The user must input the number of items to be computed, and the
numbers that will be considered.

Operational Procedures

1. Load Least Common Multiple by FOCAL-8.
2. Type GO.
3. Type the requested input data and the LCM will be typed on the Teletype.*

4. A sample run follows.

*b)
C-FOCAL, 1969

P1.85 T "THIS ROUTINE WILL COMPUTE THE LEAST COMMON MULTIPLE.'!!
G110 A '"NUMBER OF ITEMS? ",N3F I=1,N3A ?2ACI)?
D1.29 S I=1 3S MA=ACI)SIF (N-1) 135201
D130 S I=I+131 (MA-ACI)) 1e451e451e5
B1.40 S MA=ACD)
1

P1.50 IF C(I-N) 1.352¢151.3

2210 S LC=MA3T !!!!

02.20 S 1=0

02.30 S I=1+13IF (LC/ACI)-FITRC(LC/ACI))) 2.552+452.5
02¢40 IF CI-N) 2¢3,2.652.3

02.50 S LC=LC+MA3;GOTO 2.2

0260 T !'5!3T %4¢25""LCM"5LC, 1!
*
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*GO
THIS ROUTINE WILL COMPUTE THE LEAST COMMON MULTIPLE.

NUMBER OF ITEMS? :5
ACId:100

ACI)>:23.9

ACI):9

ACId:6

ACIdz1

LCM= 2.3069E+06

*GO
THIS ROUTINE WILL COMPUTE THE LEAST COMMON MULTIPLE.

NUMBER OF ITEMS? :3
ACId:.50

ACId:.25
ACId:eS

LCM= D520

*GO
THIS ROUTINE WILL COMPUTE THE LEAST COMMON MULTIPLE.

NUMBER OF ITEMS? :2

ACI)>: 100
ACId:eS

LCM: 120.0

*GO -
THIS ROUTINE WILL COMPUTE THE LEAST COMMON MULTIPLE.

NUMBER OF ITEMS? :1
ACI):10000

LC¥= 6.108G0E+05
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Linear Programming'r

ABSTRACT

Linear Programming is used to minimize (or maximize) the value
of an expression subject to certain restraints.

This FOCAL-8 implementation permits analysisof uptoa5 x 7
array in a 4K PDP-8/L. Larger expressions may be processed with
an 8K or larger configuration.*

"~ Example
What is the best way to spend a man-year on the PDP-8 Family production line (i.e., the optimum
product mix from the manufacturing point of view)?

Assume that we want to maximize the return for making a PDP-8, 8/L, and 8/ with the following
assumptions:

Returns Vector: PDP-8 8/L 8/l
18,000 8,000 12,000 dollars

Each uses certain RE sources differently, and those resources are limited as follows:

Coefficient Array PDP-8 PDP-8/L PDP-8/I Total Limits
Number of R-series required 20 4 8 < 400 modules
Number of W-series required 4 2 2 < 100 modules
Number of man-weeks needed 5 1 2 < 52 weeks

Assume further that a small penalty must be paid for all unused parts and labor (e.g., carrying
charges) at the following rates:

R-series = $2 each
W-series = $1 ea
man-week = $30 eacn

Before using the program to compute the answer, make your own estimate.

The input given a FOCAL program to solve this problem consists of two parts:

1. The number of rows and columns of coefficient matrix (3x3).

2. The data for the expression to be minimized (in this case the negative of returns).

t The program was originated by Dr. E. Woolsey at the Colorado School of Mines.
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If non-usage costs are positive, and the returns are negative, notice that minimizing with negative
coefficients is the same as maximizing with positive coefficients.
The program uses the following symbols to indicate different quantities:
E3. = thousands
X (= 1) = number of PDP-8s to make
X (= 2) = number of PDP-8/Ls to make
X (= 3) = number of PDP-8/Is to make
X (= 0) = number of unused man-weeks
X (=-1) = number of unused W-series modules
X (=-2) = number of unused S-series modules
z* = negative of next returns

Interpreting the example below, we find a suggested production of 48 PDP-8/Ls, 2 PDP-8/Is and
no PDP-8s.

Operational Procedures

1. Load Linear Programming by FOCAL-8.
2 Type GO and respond to the request for input data. Execution begins.

3. A sample run follows.
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BREBRARRRAIPMH
- C-FOCAL,1969

21.05 F

A1+12 A VUINPUT ROWS"M, I"™INPUT COLS"MN,!"MINIMIZE?"!
N1.27 § NI=N+13S MI=VM+135 L=M+N3;FOR J=1,1.35ASK CC))

M1 «25 T !"COEFFICIENTS

Mle30 F I=1,>M3D &

2134 F I=1,0L3S IBCI)=1I

137 F J=15N3S AMMI+10%(J=1))=AMI+12%(J=-1))-0CCJ+M)
A1e¢39 S TE=A3S L=A3F J=1,N3D 2

1147 1 (L)1e9751973S5 TE=1EA3S K=3F I=1,M30 2

145 1T (K)1e9751973S I=IB(KI3S J=M+L3S IR(KI=IRC.D)
M153 S IRGND=I3F I=1sM13S CCDI=ACTI+IN%(L=-1))3S ACT+H1A*(L=-1))="
M1e55 S5 A(K+1Mk().-1))=1 i
A1eS56 * d=15N1:3S AK+1Mk(J-1))=A(K+12%(J-1))/C(K)
2157 F I=121-NMN13D 4

M15%8 G 139
M1e97 F T=1M35T 1"X(UZ2, IBCI)=NMs"")"4ReA2,ACT+1Ax(NTI=-1))
MLe9R T 1TIMZ%",A(NMI+1AX(NI=-1)),1130

D201 S TL=AMI+10:%(J=-12)31 (TL-TRI»3S L=J3S TZ=TL

M3eM1 S TL=ACT+1%%(1.-1))31 (TL)»3S TL=ACI+172:xCJ=-1))/TL
A3e02 1T (TE=T1.)»3S TE=TL3S K=1

N4e) T (K=1)4e012,53
MaeZ2 F J=1sN13S ACT+12%(J=1))=ACI+12% (J=1))=-A(K+1A%(J-1)I%*0CT)

MT7e@1 S T?:A‘(l+lﬂ*(.l—|))*C(I);S 7=V1+1kCI=-1)3S ACZ)=0(7)+T+

AReM1 T T3F J=1,N1A ACI+1A%xCI=-1))30D 7
*RARRARBAARNANIARAA

*
* (0

INPUT ROWS:3

INPUT COLS:3

MINIMIZE? :

t2 11 30 :=1RE3 :$-8E3 :-12f17
COFFFICIENTS

200 14 1R 1400

24 12 12 190

eSS 1 2 152

RESULTS

X(== 2)= 192.00
X(= 2)= 4R e AP
X(= 3= PeA A

7x%==4MT7616 A0

*
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* * ¥

GO

INPUT ROWS:7
INPUT COLS:3

MINIMIZE?

HECE % N R I 27 S B O R 7}
COREFFICIENTS

t25 5 35 5000

t1? 15 :5 :1002

25 210 19 2307

2401 «40 1A A7 13070
t1 A @4 359

A 21 1A 54

A A 21 57

X(== 6)= 383333
X(== $)= 23333
X(= 3)= 3333
X(=- 3)= 1AAN .00
X(== 2)= S AR
X(==- 1)= 5.0

X (= A)= 16.K7
Z*=- 23333.30

¢ =55

=151

2=779
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Markov Process

ABSTRACT

5 x 5 Markov Process

A B c D E
A 0.2 0.4 0.1 0.2 0.1
B 0.1 0.3 0.4 0.2 0.0
c 0.5 0.1 0.1 0.1 0.2
D 0.6 0.05 0.05 0.2 0.1
E 0.05 0.15 0.25 025 | 03

Distribution changes over a period of time. At one time a particular
group or item may increase, at another time a decrease may be ob-
served. One can calculate the steady-state vector of the distribution;
therefore, one can judge an average flow for a specific group over a
designated period. ‘

Markov Process, a mathematical process, calculates the rate of dis-
tribution over a specific period, and concludes with a steady-state
vector for the requested time allotment.

Operational Procedures

1. Load Markov Process by FOCAL-8.*
2. Type GO and supply the appropriate input data. Execution begins immediately.

3 A sample run follows.
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*
*WRITE ALL
C-FOCAL» 1969

01.01 G 2.01
@1.02 F I=1,UsT !3F J=1,U+13A ACI+U*(J=1))
21.18 S N=0
@1.13 S N=N+1
@1.14 S K=N-1
@115 S K=K+13I (K-U>149551+95,1.90
@117 I (K-N)1+1851.30,1+18
@1+18 FOR M=N,1,U+13D 1.97
01.30 S R=A(N+U*(N-1))3F J=N,U+13S A(N+U*C(J=1))=AN+U*(J=1))/R
@1.31 T (K+1-U>1.32,1.32,1.33
@1.32 F I=K+1,I,UsF J=N+1,1,U+13D 1.98
@1.33 1 (N-U>1413,1+3451+13
P1.34 S I=U+1
@1.35 S I=I-131 (I-171.50;3
01.36 S YCI)=ACI+U*U)/ACI+U*(I-1))3 S K=I
@1.37 S K=K=131 (K-1>1.35;
01.38 S ACK+U*UD=A(K+U*UD-ACK+U*CI=1))*YCD)
@1.39 G 1.37
01.58 F J=1,UsT !"P(0,">%2:005J5")"5%,Y(J)
21.51 @
@1.98 T !!"YOU GOOFED"3@
21.95 T C(ACK+UXC(N=13))1+175141551417
21.96 S ACN+U*C(J=1))=ACN+UCJ=1)) /AIN+U*(N-1))
01.97 S TE=ACN+U*(M-1))3S ACK+U*(M=1))35 ACK+U*(M-1))=TE
01.98 S ACI+U*CJ-1))=ACI+U*(J=1))-ACT+U*(N=1) I *AIN+U*(J=1))
21.99 I CACK+U*(N-1)),
@2.01 A !"MARKOV STEADY-STATE'",!!,"HOW MANY STATES?",U
@2.84 F I=1,UsD 2.99
22.05 G 3.01
@2.98 F J=1,U3A ACJ+Ux(I-1))
92.99 T !!"SUCESSIVE PROBABILITIES IN STATE",%2.00,15D 2.98
83.01 F I=1,UsF J=1,UsD 5.0
03.82 F J=1,U+13 S AC1+U%(J-1))=1.0
83.83 S ACU+UXCU))=0.0
G 1.10

3.0
P5.01 I C(I-J)s5.02,

85.02 S ACI+U*CJ-1))=ACI+U*(J-1))-1
*
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*GO
MARKOV STEADY-STATE

HOW MANY STATES?:4
SUCESSIVE PROBABILITIES IN
. SUCESSIVE PROBABILITIES IN
SUCESSIVE PROBABILITIES IN
SUCESSIVE PROBABILITIES IN
P(@,= 1)= 0.255192E+00
P(B,= 2)= 0.265282E+00

P(Bs,= 3)= B.1T76466E+00
P(@,= 4)= 0+.303061E+00*

STATE=

STATE=

STATE=

STATE=
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Polynomial Expansion Program

ABSTRACT

By inputting the value of the exponent, Polynomial Expansion
Program computes the coefficient of (X+Y) 1 N.

Operational Procedures

1. Load this demonstration program by FOCAL-8.*
2. Type GO and when asked, state the exponent. Execution begins.

3 A sample run follows.

*WRITE ALL
C-FOCAL,» 1969

01.01 TYPE !!, "WHAT IS THE EXPONENT?' !»3 ASK EX3
01.02 FOR J=0,EX3 DO 4;

21.03 FOR JB=@,EX3 DO S3

P1.04 GOTO 1.01;

02.01 SET P=13
02.02 FOR I=N-R+1,N3 SET P=P*I;
02+03 RETURN3

23.01 SET PQ=13

93.02 IF (R) RETURN,»3.20,3.833
93.93 FOR I=15R3 SET PQ=PQ*I3
93+.04 RETURN;

03.20 SET PQ =13

93.21 RETURN3

04.81 SET N=EX;

@4.02 SET R=J3

24.03 DO 23

@4a.04 DO 33

04.06 SET K=J+13

04.10 SET COCJ)=P/PQ3
@4.11 SET JA=EX-J3
@4.12 SET COCJA>=CO(J)3
@4.13 RETURN3

P5.01 SET K=JB+13
@5.92 TYPE ! , "COEF' 73 » K» " IS " %2 », CO(JB)3
0503 RETURN3

06.10 TYPE !!,"POLYNOMIAL EXPANSION PROGRAM - PROJECT ASC - G.FORD",'
06.20 TYPE " COMPUTES COEFFICIENTS OF (X+Y)tN"
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*GO

WHAT IS THE EXPONENT?
2

0+100000E+01
0+.200000E+01 .
2.100000E+01

COEF= 1 IS
COEF= 2 1S
COEF= 3 IS

WHAT IS THE EXPONENT?
:-3 ,

COEF= 1 IS =-0.200000E+21

WHAT IS THE EXPONENT?
sl

2.100000E+01 -
0+100000E+01

COEF= 1 IS
COEF= 2 IS

WHAT IS THE EXPONENT?
:0

COEF= 1 IS = 0.100000E+01
WHAT IS THE EXPONENT?

tS5.3

COEF= 1 IS = 0.187391E+01
COEF= 2 IS = 0.720734E+01
COEF= 3 IS = D.125345E+02
COEF= 4 1S = Q.125345E+02
COEF= S IS = B.720734E+01
COEF= 6 IS = 0.187391E+01
WHAT IS THE EXPONENT?

:-10

COEF= 1 IS =-0.900000E+01

WHAT IS THE EXPONENT?
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Repeating Decimals

ABSTRACT

This FOCAL-8 routine computes and types the repeating decimals
of a fraction. The user must input the numerator and the denom-
inator, respectively.

If the output appears to be repeating for a line or two, interrupt
the output by typinga CONTROL-C (C). FOCAL will give an error
message and an asterisk ( * ). Type GO to continue.

Operational Procedures

1

2

Load Repeating Decimals with FOCAL-8.
Type GO.*

Input the numerator and denominator followed by a carriage return; the results will be
typed on the Teletype. .

A sample run follows.
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270« M
*¥ERASE ANl L
* 4
C-FOCAL»19A9
*
*C-FNCAL, 1949
*
*M] A5 ASK ' FENTER NIIMERATOR AND DENIMINATOR A, R, !
*A1.17 SET 7=5
*A1e27 IF (B-A)1eds1e3;: TYPE " 2 "3 GOTD 2.1
*21 1«37 TYPE !"1"!30UIT
*A1e4am TYPEZ IVTHIS PRNGRAM ONLY EVALUATES FRACTIINS<1"!30IIT
*
*N2.10 SET N=1A
*¥A2e2A JF (N*¥A=-R) 243541540
*A2e3MA SET N={0*N
*AD e 4 TYPF A.A3) A
*¥A2.57% GNTND 2.2
*ND0.RT
3
*¥M4.12 SET C=1
*ALe2A [F (N¥A=-C*R) S
*MN4e30 SET C=C+1
*¥ANhe 4 COTN 462
*
*¥P5.17 TYPF Z1,C=-13 DO ¢
*MS .2 SET A=N*A-(C-1)*R
*¥A5.3A IF (-A) S53TY2E '35 2JIT
*¥AS5.5M IF (A=8) 2els51e3s51e4a
* .
*¥Abe 17 IF (7=-23) he23 SET 7=A3 TYPR !
*¥Ahe2A SET 7Z=7+13RFETHRN
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* %

* G0

tlst4

ENTER NUMERATOR AND DENOMINATOR

f

*G0

2134, :257

NUMERATOR AND DENOMINATOR

ENTER

*GOD

t1,:25

ENTER NUMERATOR AND DENJMINATOR

= 2

.
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* G0

2255375
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7 FRONT

Roots of a Quadratic

/ABSTRACT

Given values of a, b, ¢ of a first-degree quadratic equation, this
FOCAL-8 demonstration program computes the roots of the

equation.
4

Based on the quadratic equation theor2:yy: given ax? +bx+c=0,

then x=—b+V b? — 4ac

2

If2, b, and c are real, the follcwing principles are applied:

a. If b2 —4ac is positive, the roots are real and unequal.
b. If b®—4ac is 0, the roots are real and equal.
c. If b?>—4ac is negative, the roots are imaginary and unequal.

Operational Procedures

1. Load Roots of a Quadratic with FOCAL-8.**

2. Type GO and input the values of a, b, and c. Execution begins.

3 A sample run follows.

C=-FOCAL»1969

A1.19
A1.20
71+30
A1e40
A1.50
Al « A0
N1e77
A1 « 87
*

ASK
IF ¢
TYPE
TYPE
TYPE
TYPE
TYPE
TYPE

' ?2A B C ?3 SET ROOT=Rt12-4%A*C
A) 1e451351.4

! "THIS IS A FIRST DEGREE EQUATION" !5 GOTO 1.1

%Z6+M35 ' " THE ROOTS ARE'"3 IF (ROOT) 17,16

!5 (=B+FSOT(ROOT) I /2%As ! » (-R=-FSOTC(ROOT))/2*A3GOTO 1.1
! =R/2%A,1'3 GOTO 1.1 "
" IMAGINARY *'1,-R/oxa,"™ + (",FSAT(-RO0OT)/2%A,") *
15=B/2%A," = (e, FSOT(-ROOTI/2%A," %175 136070 1.1
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*G0

THE ROOTS ARE
- N.507
- 9,.-’409(/‘.

THE ROOTS ARE

=- 1 AR

A 4

R 2
C 4

THE ROOTS ARE
== 7.250  +
= - Ne250 -

IMAGINARY

(=
(=

"e968)%1
Ne968)%1
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ABSTRACT

Statistics is a FOCAL-8 program that takes statistical parameters
of data and calculates the standard deviation, the mean deviation,
and plots, and lists the data on a standard deviation curve.

Operational Procedures

1. Load Statistics by FOCAL-8.*

Statistics

2 Type GO. The program requests the number of items of data and the data, and execution
begins.

3. A sample run follows.

C-FUCAL»1969

21.01
2110
21.29
A1.30
A1.40
@155
D160
a1.80
N1.81
A1.85
D186
2190
21.91
hW1.92
D193
D1.94
A1+95

N2.10
0220
D240

A3«10
A3.20

mA.ﬂs
Q4.10
D4.20

D4+30
*

ERASE

ASK !!"HU4 MANY DATA ARE THERE?' XN,!
TYPE !"PLEASE LIST YUUR DATA.''!

FOR I=1,XN3 ASK X(I)

TYPE !"UK"!3FUOR I=1,XN3 DU 3

SET XMU=SMX/XN

SET VAR=SQ@X/XN-XMUt2

TYPE %Z6+035!!'""MEAN s XMUs ! ""VARIANCE'' VAR
TYPE !!"STANDARD DEVIATIUN " FSQT(VAR),!!
FUOR I=1,XN3;SET MD=MD+FABS(X(I)-XM)

TYPE " MEAN DEVIATION "MD/XN»!

TYPE !"SURTING +e

SET X(2)=1E1803SET X(XN+1)==-X(®)3

FOR I=1,XN3 DO 4

TYPE ! THE MEDIAN IS "3IF (FITR<XN/2>*2-XN) 149351494
SET C=X((XN=1)/2 + 1) 5 GUTU 1.95 )
SET C=<X(XN/2)+X(XN/2+1)>/2

TYPE C»!!! "THE DATA ARE !

SET C=60/<X(1)=X(XN)>

FUR I=1,XN;5 TYPE "#"!X(I1)3FOR K=0,C*<X(I1)-X(XN)>;TYPE " *

TYPE %1111 ;RETURN

SET SMX=SMX+X(I)
SET S@X=S@X+X(I)t2

SET K=1

IF (XC(I+1)-X(1))4.33

SET C=X(I)3SET X(I)=XC(I+1);
SET I=K

SET X(I+1)=C3

341

SET I=I-13 GOTU 4.1



* 34U
HU¥ “aNY DATA ARE THERE?:19

PLEASE LIST YUUR DATA.
:-25204)307@::201131-5):-75::]-45111035}310352::20M
UK

MEAN = 1189

VARIANCE= D3 e374

Neb11

"

STANDARD DEVIATIUN

MEAN DEVIATION A534

SORTING « . .
THE MEDIAN 1§

HE DATA ARE
2.109
2090
14590
1.459 v r/}
1.352 f
1.350 —

3759 .
D790 ' e

B o 40303 /._/
¥

Ae230)

1.351

n

W wnw oy owe

PLEASE LIST YUUR DATA.
:04):-603}-8::050:20])30251203

0x
MEAN = D850
VARIANCE=  p.s5p0
STANDARD DEVIATION =  g.7g9
| MEAN DEVIATION = P.629
SURTING LRI
THE MEDIAN IS =  g.599

THE DATA aARE

241923
1800

Be609
A+500
D409
7 «300
Be259

W gy o
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Calculating Survival Rates !

ABSTRACT

This program computes the survival rates of subjects alive V periods
after diagnosis or treatment.

Input:
N = Number of periods after diagnosis
L(1) = Initial number of subjects
D(l) = Died during period |
U(l) = Lost (survival status unknown) during period |
W(l) = Withdrawn alive during period |
The program computes the following information:
L(1) = Alive at beginning of period |
L() = L(-1) — (D(l—1) SU(I=1) + wu-@
E(l) = Effective number exposed to risk of dying during period |
E(1) = L() — <uu) +W0) 72
Q(l) = Proportion dying during period |
Q(l) =D(1) / E(1)
P(l) = Proportion surviving during period |
P(1) = 1—=Q(l)
R(l) = Ith period survival rate
R(1)=P(1) *P(2) *... *P(l)
S(l) = Standard error of survival rate

sm=rm /% aJ
i=1  Ej-Dj

1-For reference see S. J. Cutler and F. Ederer, ‘‘Maximum Utilization of the Life Table Method in Analyzing
Survival,”” Chronic Diseases, December 1958; pp. 699-712.



rational Procedures

Load Calculating Survival Rates with FOCAL-8.

Type GO and input the number of periods followed by a carriage return and the number
of subjects followed by a carriage return.”

Type in the number of:

a. Periods followed by a space

b. Subjects who died followed by a space
¢. Subjects lost followed by a space

d. Subjects withdrawn followed by a space

After all periods have been given, type a 0 when it requests a period.
(1:), followed by a carriage return and input data will be complete.

After computing the input data, the output will be dumped on the Teletype.

A sample run follows.

RITE ALL
FOCAL,» 1969

«15 T !"SURVIVAL RATES!
«20 A !!"NUMBER OF PERIODS'N,!
30 S D(@A)=03S UPI=03S W(BI=P3S R(HPI=13S SUMEI=0
«4@ A “INITIAL NUMBER OF SUBJECTS"L(1),!
«45 S L(@)=LC1)ST " DIED LOST WITHDRAWN
50 FOR I=1,N3 T %3,!5,1; ASK ? DC(I) UCI) WCI)?,!
«65 T I"™ ALIVE EXPOSED'!
66 T " AT WITH- TO RISK % %
le67 T " SURVe. STD.
1«68 T !"PERIOD START DIED LOST DRAWN OF DYING DYING
1«69 T ' SURV. RATE ERRQOR'"!
1«70 F I=1,N3D 2
1800 T 1350
210 S LCI)=L(I=1)=(DCI-1)+UCI=-1)+W(I-1))
2.29 S ECI)=LCI)-CUCDI+UCIII/2
232 S QCI)=DC(IY/ECI)
240 S PC(I)=1-QCI)D
2.50 S R(ID=R(I=-1I*P(I)
2.60 S SUMCI)=SUM(I-1)+0CI)/(ECI)=DCI))
270 S SCIN=RCII*FSQATCSUMCI)
2687 T 15225 15%65LCI)>DCIIUCIISNCIILECI)»%402,GCI)»PCI)>RAIISSCT)
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GO

SURVIVAL RATES!

JUMBER OF PERIODS: 4

NITIAL NUMBER OF SUBJECTS:123

DIED
DCI) $5,UCD)

DCI) :6,UCI)

D(I) :1Q,UCD)

DCIY :15,UCI)

ALIVE
AT

LOST

2854 (I3

$ToWCI) 25,

WITHDRAUN
s10,WCIds1s

t19,HCI) 1D,

EXPOSED
WITH- TO RISK

ERIOD START DIED LOST DRAWN OF DYING

1=

123=
197=
90=
68=

6=
19=
15=

1=
3=
5=

d=

118=
1092=

G4=

58=

% yA SURVe STDe
DYING SURV. RATE ERROR

BeMd=  PYe96= Pe96= Ge02
Dellb= De94= Ge90= Ned3
Bel12= e88= $e79= Delia
He26= JeTa= e S59=" HWel}b






Interest Payments

ABSTRACT

Interest Payments is a FOCAL-8 demonstration program that

is not only an interesting program, but it also serves a useful pur-
pose. “Interest Payments’ will calculate monthly payments on a
loan given the following itemized data:

a. Interest (in percent)
b. Amount of the loan
¢. Number of payments per year.

Operational Procedures

1. Load /nterest Payments with FOCAL-8.*
2. Type GO and respond to the dialogue. Execution begins.

3. A sample run follows.

*WRITE ALL
C-FOCAL,» 1969

D118 ASK !!Z7.02,"ENTER INTEREST IN PERCENT" J,!
P1.14 SET J=J/100

P1+16 ASK "ENTER AMOUNT OF LOAN"A,!

B1.20 ASK "NO. OF YEARS'N,!

P1.24 ASK ''NO. OF PAYMENTS/YR" M,!

9130 SET N=N*M3; SET I=J/M

P1.34 SET B=1+1

@1+49 SET R=A*I1/(1-1/BtN)

@1.42 TYPE "MONTHLY PAYMENT "R,!

@1.48 TYPE "TOTAL INTEREST' R*N-A,!

P2.05 SET B=A

02.19 TYPE "INT. APP TO PRIN BALANCE", !
P2.12 SET L=B*I3 SET P= R- L

p2.16 SET B = B-P

P2.18 TYPE L»" P’ "B,!

P2.20 IF (B=R) 2¢245,2.24,2.12

@2.24 TYPE B*I," "R-B*I,! '"LAST PAYMENT!'" B*I+B,!!!;G0TO 1.1
*

45



30

VTER INTEREST IN PERCENT:8.5
VTER AMOUNT OF LOAN:1800
J« OF YEARS:2

Je OF PAYMENTS/YR:12

ONTHLY PAYMENT = 81.82

OTAL INTEREST= 16375

NT. APP TO PRIN BALANCE
12.75" = 69.07 = 1730.93
12.26 = 69.56 = 166137
1177 = 1006 = 1591.31
11.27 = 7055 = 1520.76
10.77 = T1.05 = 1449.71
10.27 = T71.56 = 1378.15
9«76 = T2.06 = . 1306.09
9.25 = 7257 = 1233.52
874 = 7309 = 1160.43
Be22 = 7360 = 1086.83
T.70 = 74.13 = 1012.71
Te17 = T4.65 = 938.06
6465 = 75.18 = 862.88
611 =. 75.71 = 78717
5«58 = 76.25 = 718.92
Se04 = 76479 = 634.13
4049 = 77.33 = 556.80
3.94 = 77.88 = 478.92
339 = T8« 43 = 400 « 49
284 = 7899 = 321.50
228 = 79455 = 241.96
171 = 80.11 = 161.85
1.15 = 80+.68 = 8le17
B+58 = 81.25

AST PAYMENT!= 81.75
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Inventory Schedule

ABSTRACT

Inventory Scheduler assists the manager in scheduling the distribution
of a particular product over a specified period. By inputting the re-
quested data, the optimum cost of the production schedule is calcu-
lated and typed on the Teletype. This FOCAL program requests the
following input data.

1

a. Holding cost per item per day

b. Set-up cost per production run

¢. The number of items needed for distribution for a particular
period

d. Shortage cost per item per day.

Given the above data, the /nventory Scheduler dumps the following
information:

a. Optimal time interval between production runs
b. Optimum order quantity
c¢. Optimum cost of the production schedule.

Operating Procedures

1

Load the FOCAL program using the described loading procedures for low/high speed
reader from the FOCAL manual.*

Type GO and answer the dialogue.

Sample run of the /nventory Scheduler follows.
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C-FOCAL

21 .01
21 .02
71 .03
A1 .04
21.05
21.07
N1.09
21.10
P1.12
N el4
21.15
Al.16
21.17
21.18
21.19
21 .20
f1l.21
*

T !'!"™INVENTORY MODEL WITH SHORTAGES'!!

T "PLEASE INPUT HOLDING COST PEk ITEM PEk DAY"3ASK Cl

T !!"PLEASE INPUT SETUP COST PER PRODUCTION RUN'3ASK CS

T !!'"HOW MANY ITEMS ARE NEEDED''3ASK Kk

T !'!"OVER WHAT TIME PERIOD C(IN DAYS)"3ASK T

T !!"PLEASE INPUT SHORTAGE COST PER ITEM PEk DAY'3ASK C2
SET TS=FSOT(((2*T*CS)*(C1+C2))/(R*C1*C2))3 SET D=FITR(TS)
SET U=(TS-D)>*243 SET H=FITR(U); SET M=FITR((U-H)*60)

T !'!"OPTIMAL INTERVAL BETWEEN PRODUCTION RUNS IS:''!

TYPE %3.00,D,'" DAYS ',»H,*" HOURS ",WM," MINUTES "

SET Q=FSOT((2%R*CS*(C1+C2))/(T*C1*C2))3IF (G=FITR(Q)II1 1751173
SET Q=@+1

T !!"THE OPTIMUM ORDER QUANTITY IS:'",%8.00,0

SET Q@=FSQT((2*R*T*C1*CS*C2)/(C1+C2))

T !!'"OPTIMUM COST OF THIS PRODUCTION SCHEDULE 1S:",%Z7.02,0
T !!"DO ANOTHER?"3ASK YN3IF (YN-CYES)1.2151.0151.21

QUIT



Max*Flow-Min*Cut

ABSTRACT

Preliminary: 7. Designate the source node as ‘‘s”

2. Designate the sink node as ““t”
3. Number the intermediate nodes from 1 to N.

Goal: To find a maximal flow fromsto t.

. Remove all labels and scan marks from nodes.
. Label the source node s, (—,00).
. Labeling Process

Select a labeled unscanned node, x where x may be node
5,1,2,...N. It is labeled (zi, e(x)), or (—,00) if nodes. To all
nodes y that are unlabeled (and connected to node x) and that

“flow (x,y) <capacity (x,y), assign the label, (x+,e(y)), where:
e(y) = minimum of (capacity (x,y)—flow (x,y), or e(x)0.

To all nodes w that are unlabeled (and connected to node s)
and that flow (w,x) >0, (i.e., a backward flow), assign the label
(x—,e(w)), where: e(w) = minimum of (flow (w,x), or e(x)).

If node t is labeled in this step, go to step 4. If node t is not
labeled after all nodes connected to node x have been checked
for labeling, mark node x scanned. If there are other labeled
unscanned nodes, go to step 3. If not, go to step 9.

. Flow Change

This occurrence is called breakthrough. A flow augmenting
path is used to increase the flow from s to t. The sink tis
labeled (zi,e(t)) . Replace t by x in the label. Go to step 5.

. Node x is labeled (zi',e(x)). I the label is z+, go to step 6.
If the label is z—, go to step 7. In either case replace z by y.

. Node x is labeled (y+,e(x)). Increase the flow on arc (y,x) by
an amount e(t). If node y is the source node s, go to step 8.
if not, replace x by y and go to step 5.

. Node s is labeled (y—,e(x)). Decrease the flow on arc (x,y)
by an amount e(t). If node y is the source node s, go to step 8.
If not, replace x by y and go to step 5.

. The flow has been increased along a flow augmenting path
from s to t. To seek another flow augmenting path, go to
step 1.
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9. Maximal Flow-Minimal Cut

This occurrence is called nonbreakthrough. A maximal flow
has been found and is assigned to each arc. A minimal cut has
also been found. The set X for the cut consists of the nodes
that have been labeled. The set of arcs (X,X ) is the minimal

cut.

Load Procedures

1 Load Max * Flow-Min* Cut with FOCAL-8 without the extended functions.***
2. Type GO and execution begins.

3. A sample run follows.
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*WRITE ALL
C-FOCAL»1969

Ale14
71127
G1.40
(11«50
1660
GleG1
41462
1163
Aleb4
1465
M1.66
A1e67
168
91669
A1e72
D171
D176
D177
31.83
0184
3185
1199
191
7192
7193

0250
N2e51
0252
22.53
0254
02455
12656
A2.57
A2+58

Ne.a1

10.10
1929
1339

11.01
1162
1193
11.34

1201
12.02
12.23
*

TYPE 11UMAX=FLON MIN-CUT™!!
TYPE "ENTER DATA AS:SOURCE»SINKsCAPACITYs END WITH:0,0,2'!
ASK I5J5835 SET K=I+16%(J=1)3 IF (I-1)1.695 SET NI(K)=1
SET CC(K)=A3 IF C(J-MN)1.40,1.4%93SET NN=J3 GOTO 1.4¢

SET L(1)=99995 SET P(1)=99993SET N=NN3; DO 16.13D0 11
SET J=0

SET J=J+13IF (J-NN)1.6351.6351.9%

IF (LCII) 1645146251464

IF (SCII=1)146551+6251465

SET 1=9

SET I=I+13SET K=J+1J%(I=1)3IF (I=-NN)1.675146751485

IF (NICK)=1)1+6631F (LCI))1+6651+6851466

SET OT=C(K)=R(KISIF (OT)1.6951+6951.76

IF (NICK)=1)1.70,1.663

IF (RCKII1.713G0TO 1.66

SET LCI)==J3IF (R(K)=P(J))1.835 SET PC(I)=P(J)3GOTO 1.84
SET LCID=J3IF (QT-PC(J))1.773SET PC(I)=P(J)3GOTO 1.84

SET P(I)=QT3G0TO 1.34

SET P(I)=&(K) _

IF (L(NN))2e505 146652457

SET $CJ)=13GOTO 1.62

SET 1=9

SET I=I#ls IF C(I=NND1.92,1.92,64%1

IF (LCI))1+9351.9151.93

IF (SCI)=1)1+615149151061

SET AD=P(NN)

SET JK=L(NN)3SET K=JK+13kx(NN-1)3IF (L(NN))I2.523G0TO 253
SET R(K)=R(K)-AD3GOTO 254

SET RIK)I=R(K)+AD

SET NN=LC(NN)3IF (L(NN)=-9999)2+5152¢5552+51

SET NN=N3;DO 12.23D0 113F0R I=251,NN3D0 257

GOTO 2.58

SET SCId=@3SET L(I)=0

SET S(1)=23 GOTO 1.61

DO 1333 DO 11;2UIT

TYPE !I"NET AT START"
T YINET AT DREAKTHRU
T PIYNET AT OPTIMUM"

TYPE !!"FROM NODE, TC NODE, CAPACITY. FLou"
FOR I=1,1,NN3DO 11.33
FOR J=1515NN3010 12

SET K=I+10%(J=1)3IF (NI(K))1I2.035121)33
TYPE 15475 15J5u85C(K)»RIKD



MAX-FLOW MIN-CUT

ENTER DATA AS:SOURCE,SINK,CAPACITY; END WITH:A:359
21,225:3
t1s2:35:1
12523521
12534524
235232521
23524521
1Ds:M5:0

NET AT START

FROM NODF, TO NODE, CAPACITY. FLOW
= = )= 3= z]
= = 3= 1= ”
= o= 3= 1= 2]
= D= 4= 4= 5]
= 3= )= 1= o]
= 3= = 1= (4]

NET AT BREAKTHRU

FROM NODE, TO NODE, CAPACITY» FLOW
= 1= 2= 3= 3
= 1= 3= 1= G’l
= o= 3= = ]
= 2= 4= = 3
= 3= 2= = %]
= 3= 4= = 7}

NET AT BREAKTHRU

FROM NODEs TO NODEs, CAPACITY» FLOW
= 1= D= 3= 3
= 1= 3= 1= 1
= 2= 3= 1= 4}
= D= o= 4= i)
= 3= 2= 1= (G
= 3= 4= 1= 1

NET AT OPTIMUM

FROM NODE, TO NODE, CAPACITY» FLOW
= 1= 2= 3= 3
= 1= 3= 1= 1
= 2= 3= 1= ?
= 2= 4= Q= 3
= 3= 2= 1= /]
= 3= 4= 1= 1%
ARRAARRARAARAAARANRARAARAARRAAAAAAAAAAAS A~
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Minimize Late

ABSTRACT

By entering the number of jobs to be done, this routine will cal-
culate the optimum job sequence. For each job, specifically state
the time and due date. This information is dumped on the Teletype.

Operational Procedures

1. Load Minimize Late Jobs via FOCAL-8.*

2 Type GO and respond to the initialization dialogue. Execution begins.

3. A sample run follows.

*U
C-FOCAL»1969

Jobs

@1.91 T !!"SCHEDULE TO MINIMIZE LATE JOBS'"!!"ENTER NUMBER OF °**

21.92
P1.93
01.97
01.98

11"DO AGAIN?"3A YN3I (YN-QYES)>1.93,1.013

(PC(I)-H)»3S JO=J
1""JOB "»%2.0@,13A P(I1),DCI)

@1.02 T "JOBS TO BE DONE'"sA N3T !!"FOR EACH JOB ENTER PROCESSING "
21.93 T "TIME AND DUE DATE SEPARATED BY COMMAS."3F I=1,N3D 1.98
@1.04 S NK=N )
01.05 S II=1
D106 S L=9993F I=1,N3 D 1.99
D107 S CSC(II)=I03S CDC(II>=D(I0)3S D(I0)=1000
9108 S CPCII)=P(I0)>3S II=II+131 C(II-N)1.0651.063
21190 F J=1,N3S P(J)=CP(J)3S D(J)=CD(JP)
P1.12 S H=03S I=0
2115 S I=I+131 (I-NK)1.20,1+2951.90
0120 S H=H+P(I)3I (H-D(I)>)>1.+15,1.153
21.21 T !"LATE JOB IS",CS(I)
0125 S H=03F J=1,13D 1.97
P130 S L=P(J0)3S H=CS(JOI3S I0=DC(JO)
0135 F J=J0sN-135 CS(J)=CS(J+1)3S D(JI=D(J+1)3S P(JI=P(J+1)
Pl1e40 S P(NI=L3S CSI(NI=H3S D(NI=I03S NK=NK=-13G 1.12
@1.90 T !!'"THE OPTIMUM SEQUENCE IS:'"3F J=1,N3T !,CS(J)
P1.91 T !!1,NK»*" JOBS ARE ON TIME,',N-NK,' JOBS ARE LATE."
T
Q
1
T
I

21499
*

(L-D(I))>»3S 10=I3S L=DC(D)
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*GO
SCHEDULE TO MINIMIZE LATE JOBS

ENTER NUMBER OF JOBS TO BE DONE:4

FOR EACH JOB ENTER PROCESSING TIME AND DUE DATE SEPARATED BY COMMAS.

JOB = 1:65:10» .
JoB = 2:12,:15,

JOB = 3:5,:6,

JOB = 4:85:9,

LATE JOB IS= 4

LATE JOB IS= 1

LATE JOB IS= 2

THE OPTIMUM SEQUENCE IS:

nmwuu
N - »w

1 JOBS ARE ON TIME,= 3 JOBS ARE LATE.

DO AGAIN?:YES

*GO
SCHEDULE TO MINIMIZE LATE JOBS

ENTER NUMBER OF JOBS TO BE DONE:7

FOR EACH JOB ENTER PROCESSING TIME AND DUE DATE SEPARATED BY COMMAS.

JOB = 1:¢35:5,
JOB = 2:4,:6,
JOB = 3:9,:10,
JOB =  4:15:9,
JOB = 5:4,:12,
JOB = 626527
JOB = 7:7,:18,

LATE JOB IS= 2
LATE JOB IS= 6
LATE JOB IS= 3

THE OPTIMUM SEQUENCE IS:

won oo unu
WOANQAU D -

4 JOBS ARE ON TIME,= 3 JOBS ARE LATE.

DO AGAIN?:NO

*
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Minimal Spanning Tree Algorithmt

ABSTRACT

Arbitrarily select any node and connect it to the nearest node.
Identify the unconnected node that is closest to a connected node,
and connect these two nodes. Repeat this until all nodes have
been connected.

Example: The Quicksand Oil Company wishes to dig ditches to
connect control cable to wells in a given field. Ditch
digging in west Texas is quite expensive, therefore, the
company wishes to dig the ditches (in terms of length)
as cheaply as possible. A map of the allowed ditches
in the field is shown below. ’

The optimal solution is shown below.

TFor reference see F. S. Hillier, G. J. Leiberman, Introduction to Operations Research, Holden-Day, Inc.,

San Francisco, 1967; p. 223.
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Operational Procedures

1. Load demonstration program by FOCAL-8 without the extended functions.

2. Type GO and input the requested data. Execution begins immediately.

3 A sample run follows.

*WRITE ALL
C-FOCAL,1969

f1.10
21.20
01.40
21.50
P1.60
01.80
21.81
21.90
91.95
B1.96

92.91
02.92

03.901
03.02
03.03
B3.04
B3.05
0306
03.07
03.08
03.99
P3.10
23.99

P4.01

05.01
25.02
05.03
PS04
25.05
B25.06
05.97
B85.90
B5.91
P5.92
05.93
P5.94
85.95
#5.96

B6.01
0602
*

ERASE

SET NN=1

TYPE !!"MINIMAL SPANNING TREE"!!!"ENTER ARCS AS FOLLOUWS:'"!!
TYPE "STARTING NODE, ENDING NODE, DISTANCE'!!

TYPE ''STOP INPUT BY TYPING:0,0,0'!!

ASK IsJsA5!'3 IF (I-1)21.993SET NICI+10*J)=15SET D(I+10*J)=A
IF (J-NN)>1.80,1.803SET NN=J3GOTO 1.89

SET M=13 SET ICON(1)=1

SET H=1Eé63 SET 1=0

SET I=I+13 IF (I-M)2.9152.0155.01

SET K=IC(I)s SET J=0
SET J=J+131IF (J-NN)3.91,3.01,1.96

SET L=9

SET L=L+13 IF (L-M)4¢2154¢91,3.%3
IF (K=J)3:0452+0253.07

IF (NI(K+10%J))39552+0253.05
IF (D(K+18*J)-H)3¢0653926,2.22
SET H=D(K+10*J)3 GOTO 3.19

IF (NICJ+10%K))3e0852¢82,3+08
IF (D(J+10%K)=-H)3.09,3.80952.02
SET H=D(J+10*K)

SET 10=K3 SET JO=J

GOTO 2.02

IF (J=-IC(L))3+0253+9053.02

SET M=M+1

IF (M'NN)S.@3’5-@3)5090

IF (I10-J0)5.0455+0455+05

SET NICIO+18%J0)=23 GOTO 5.06
SET NICJO+10*10)=2

SET IC(M)>=JO

GOTO 1.95
TYPE ''DONE"
TYPE !!"THE M.SeTe CONSISTS OF THE FOLLOWING ARCS:'!!

FOR I=1,NN3DO 5.93

FOR J=1,NN3 DO 6

ASK !!"DO YOU WISH TO DO ANOTHER? 'YS,!
IF (QYES-YS)5.9651.13

QUIT

IF (NICI+10%J)=-2)6¢023 TYPE !"ARC(",7%2,1,"5"'"5»J5'")"
S R=2.5
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*GO
MINIMAL SPANNING TREE

ENTER ARCS AS FOLLOWS:
STARTING NODE, ENDING NODE, DISTANCE
STOP INPUT BY TYPING:%,2,0

21522523,
21523524,
21,2455,
22523524,
22,2455,
tDs2B530,
DONE

THE MeSeTe CONSISTS OF THE FOLLOWING ARCS:

ARC(= 1,= 2)
ARC(= 2,= 3)
ARC(= 2,= 4

DO YOU WISH TO DO ANOTHER? :YES

*GO
MINIMAL SPANNING TREE

ENTER ARCS AS FOLLOWS:

STARTING NODE, ENDING NODE, DISTANCE
STOP INPUT BY TYPING:0,0,9

»:3»

234,
525,

o
~
-

2.

QUM WUDNWN
.
o
.

THE MeSeTe. CONSISTS OF THE FOLLOWING ARCS:
ARC(=  1,= 2)

ARC(=  1,= 3)

ARC(=  1,= 4

ARC(= 3,= 5)

DO YOU WISH TO DO ANOTHER? :NO

*
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Return on Investment

ABSTRACT

Return on Investment (or “‘internal rate of return”) is defined as
the interest rate that causes “‘the present value of the expected
future receipts’’ to be equal to the “present value of the investment
outlay.” The desired equality can also be called ““discounted cash
flow back’” to be equal to “the present value of capital employed.”’t

Operational Procedures

1. Type GO and answer the following: **

o

Size of periods (e.g., 0.25)

b. Number of years

¢. Amount to be depreciated

d. Immediate expense (tax deductable)

e. Additional working capital (e.g., inventory).

2. A period by period estimate of savings (or income) of expenses follows. A negative num-
ber placed in the SAVE (T) column will cause the expense savings of the previous year
to be repeated automatically for the remainder of the periods.

3. Assume the following (all assumptions may be changed in the example program):
a. Tax rate is taken as 57 percent per year (line 12.5 in the sample program).

b. Declining balance depreciation is used (something on the order of straight-line depre-
ciation when it becomes faster; lines 5.1 and 5.2).

c. In computing present value, a discount factor is computed assuming daily compound
interest and distributed receipts (line 5.4).

d. Annual compound interest may be substituted by (5.4 SET DI = 1/ (1+K) T).

fW. Brigham, Managerial Finance, Harcourt, Brace & World, 1969; p. 148.
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WRITE ALL
C-FOCAL, 1969

P2.29
92.+30
02+ 40

02.50°

92455
02.60
92.79
P2.80

23.20
03.30
03. 40

P4.10
B4.20
04.30
04.40
B4.80
B4.91
04.93
04.94
04.95

05.10
05.20
95.30
05. 40
05.50
B5.60
05.79

06.10
06.20
%*

*GO

SIZE OF PERIODSs>YRSe:.25

Zs

wC
T=
43

P OTUDDULDDD

SET

"“SIZE OF PERIODS,YRS.'3E

" NUMBER OF YEARS™N

21" T
1,N3D 3
R

SAVE(T)

<ST>3e33T '%4.02,T,"
S(T) S(T-1)3S EC(T)=ECT=-1)3R

" EMD

K=25

!*"AMOUNT TO BE DEPRECIATED'"A
N=N/Z3S R=+57%Z '
I"IMMEDIATE EXPENSES"E,!''""WORKING CAPITAL

EXPENSE(T)

*'3A S(TI3I <-S(T)>3+4,3.43S ST=-1

SET BA=A3SET Y=A+WC+E*(1-R)3SET X= GJFOR T=1,N3D0 5
SET Z=FABS(X/Y)
IF <FABS(Z-1)*K=-,0801>4.83SET K=K*Z3GO0TO 4.2
T 11%Z6.02"

g gee
..

R.O. I.'.K

PROFIT(BEFORE)

PERIOD DEPREC.

VALUE"!

*100," %

TAXES

BA=A3F T=0,N3S X=03D 53D 6

DE=

FEXP(=-2%T/N)

F <DE-(1-T/N)>>5.33S DE=1-T/N

DI=FEXP(K/2-K*T)
X=X+[S(TI-E(T)I*(1-RI*DI
Y=Y~DE*R*DI
Z=S(TI-E(T)3S Y=Y+Z*(FSGN(Z)=1)/(-2)*1.25*T

Z=X/C(1-R)*DI

T
T
T
S
S
1
S DE=BA-A*DE;3;S BA=BA-DE
S
S
S
S
S
T

(AFTER) CASH
TAXES

FLOW FACTOR

TsDE»Zs(1-R)*ZsX/DI+DEs%6¢045D15%6+025X+DE*DI, !

AMOUNT TO BE DEPRECIATED:20040
IMMEDIATE EXPENSES:1509
WORKING CAPITAL:223

NUMBER OF YEARS:2

T SAVE(T) EXPENSE(T)
= 1.00 :SOBAB«5%07 2809
= 200 16000 2907
= 3.00 16509 21009
= 4400 t-1

ReQele= 16435 %
PROFIT(BEFORE) (AFTER) CASH

PERIOD DEPREC. TAXES TAXES FLOW
= DeAB= BeAA==1500eAA=-128625=-1286.25=
= 1.00= 4423.99= 4200.00= 3601.50= 8A25.49=
= 2.00= 3445¢41= S5100+00= 4373.25= 7818.66=
= 3.00= 2683.27= 5500.00= 4716+25= 7399.52=
= 4.00= 2089+75= 5500.00= 24716.25= 6806.30=
= SeA= 1627+49= 5500 AA= 4716425= 634374=
= 6+30= 1267+49= 5500 A0= 4716425= 5983.74=
= TeBP= 1962.61= S550BAN= 4T716+425= 66T78.85=
= BeAN= 2500 NA= S5O0 A0= 4716+25= 7216.25=
*
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FACTOR VALUE

1.A852=-1395.81
P+9215= 7395.55
De7825= 6118.27
Be6645= 4916.97
MeS5643= 384046
Ae4792= 3039.73
MeldP69= 243478
A 3455= 2378774
Re2934= 211736



Schroedinger

ABSTRACT

By inputting the width of the tilted square well, the tilt slope of the
well, the trial energy, and the number of steps, the equation

PSI + AX *PSI =E * PSI

is calculated and the plot is dumped on the Teletype for the specified
number of steps.

Operational Procedures

1.  Load Schroedinger via FOCAL-8 with the extended functions.***
2. Type GO and respond to the dialogue. Execution begins.

3 A sample run follows.
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*WRITE ALL
C-FOCAL» 1969

3192
2193
D113
B1le11
D170
71«75
B81.80
21.90
21.93
D195

D510
2520
539
0549
71550

D610
620
A630
36« 49
D699

07.22
DT795
D707
0708
0709
D719
"773
07.89
0785
07.90

12.01
12.20
1299

1419
1429
14.30
14449
1459
14.69

15.10
15.20¢
15.39
1549
1559
15.62
15.90
*

Q=TT nNDDD-

SQurnunhnes - DWw QuLrne=Wn - =1 TN

@ =

= T30 W0

AN =T -

!'5'""SCHROEDINGER :DELSQUARED PSI + AX * PSI = E % PSI",!!

“TILTED SQUARE WELL PROBLEM WITH WIDTH'",X0,!
"WELL TILT SLOPE A'>A1,!,"TRIAL ENERGY E',Bl
!""NUMBER OF STEPS"s>NT»!3 S VF=93 S SL=1
P(0)=93S DX=X3/NT3;S P(1)=SL*DX3S R2=92

VF=9

P2=0

N=9,NT=-25D 6

I'""PSI ZEROS'"%2,P0

AT« D2

'5%35PKs" PSI"s%sP(PX)s'" e
PZ=FITR(PM*SC)3S PE=FITRC((P(PX)+PM)*SC)
X=1,PZs3T " "

Ye#sF X=1,PE+243T " '

ll*ll;R

P(N+2)=<(-B1+A1*DX*(N+1))*DX12+2>*P(N+1)=P(N)
(NT=N=2) 12.90,6+956+3

RB=P(N+2) %P (N+1)31 (-RB)6.93

PA=PO+13R

CF=(P(NT)/PC1))t23T ' CONV IND"Z,CF
" NEW E?"NY

(NY=-0YES) 7¢957¢0857¢9

(VF) 7e¢0957+85

(CF=190) Tel1571578

R2=P(NT)I*VF31 (R2) 7+7357+8957.85
DB=-72+5%D33G 2785

DB:Q.‘

B1=B1%(1+DB)3T B13S VF=P(NT)3G 01.89
14

'515"EIGEN E"B13S HP=B1/(A1*X0)
' EN/MAX POT'HPs!

PM=03S PP=93F PX=1,NT3D 15
PS=PM+PP3S SC=45/PS

V113F PX=1,703T """
PX=2,15NT3D S

13F PX=1,703T """

VISR

(P(PX)) 1525154951545
(PM+P(PX)) 15351545154
PM=FABS(P(PX))

(P(PX)=PP) 15.9515.951546
PP=P (PX)
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*G0D
SCHROEDINAGFR:DZLSAUARED PSI + AX % PSI = E * PSI

TILTED SQUARE WELL PROBLEM WITH WIDTH:1
WELL TILT SLOPE A:«2S

TRIAL ENERGY E:t

NUMRER OF STEPS:20

PSI 7ZEROS= @ CONV IND= M.28S5971E+7m3 NEW E?:YES
PSI ZEROS= 2 CONV IND= 2.27592aE+23 NEW F?:YES
PSI ZERNOS= A CONV IND= M.2651872E+A3 NEW E?:NO

Nel 1AAAAE+D |
M| P21AAAE +71

nu

® 9 0 00000000 0000000000000 0000000000000 00000000000000000000000000000000

= A PSI= A«AANAANEL +N A ok o

= 1 PSI= ASANAAAE-A1 e o*

= 2 PSI= Ae998491E-91+ & *

= 3 PSI= De149397E+AA s *

= 4 PSI= Me]198496E+ANe o *

= 5 PSI= P«24720%E+%76 o *

= 6 PSI= Me294764E+M7e o *

= 7 PSI= Ne341647TE+70e o *

= 8 PSI= Me3RTSI12E4+0N7e o %*

= 9 PSI= Pe432223E+0%. o *

= 10 PSI= A«475652E+A%. . *

= 11 PSI= D.S5176TIE+AA. *

= 12 PSI= N.558159E+AN. . *

= 13 PSI= A.597AR1E+0A« o *

= 14 PSI= Aeh34ARSE+AA. *

= 1S PSI= Neb693ATE+ANe & *

= 16 PSI= AeTAPS56KE+AMA . o *

= 17 PSI= A.733770E+27. o *

= 18 PSI= MNe762R32E+0A. . *
= 19 PSI= A.789672E+7A. . *
= 20 PSI= N«RB14217E+AMe & *

€€ © 00000000000 0°00° 0000000000000 0000000060000000c000000csoscsocscososscecocsocsorsoccoe

EIGEN E= 7.121022E+01 EN/MAX POT= (A«242000E+7A2
*
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Stock Market Commissions

ABSTRACT

During a stock purchase through a broker, a commission is charged
based on a series of rates for units of 100 shares (even lots) and a
definite set of charges for smaller units (odd lots).

This program accepts a buy or a se/l indication, the number, and
price of the shares involved. Given these facts, the program com-
putes the net you must pay or receive.

Operational Procedures

1. Load Stock Market Commissions by FOCAL-8.*
2 Type GO and respond to the dialogue. Execution begins.

3 A sample run follows.
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*WRITE ALL
C-FOCAL, 1969

21.05 E
D110 A !!1"%%k%*%x BUY OR SELL?"OR
#1.20 A !'"HOW MANY "™ ?SHARES PRICE ?2,!
D140 T %Z8.02,?PRICE*SHARES?," $"
@1+45 S ODD=SHARES-FITR(SHARES/100)*100
B1«50 1 (-0D) 2.05;
9155 T !'!"ROUND LOTS
0160 S AM=PRICE*SHARES
0170 I (AM=-400) 173 31 (AM-2400) 1.7531 (AM-5000) 1.773C
@171 S CO=AM*.001+4393G 1.8
0173 S CO=AM*.020+ 33G 1.8
01475 S CO=AM*.010+ 73G 1.8
0177 S CO=AM*.005+193G 1.8
21.88 T ""COMMISSION IS ''CO»!
I

2185 (FABS(OR=-@BUY)),1.863S NET=QU+AM~0C-CO3 T *INCOME ";G 1.87
@1+86 SET NET=QU+AM+0C+CO 3T °*'OUTGO

D187 IF (CO+0C=6) 1+93 IF (<O0C+CO>/<0OD+SH>=1¢50) 1+8851¢951.9
21.88 T IS ",2NET 2, $"»! 3 GO

#1.96 A "EXCEPTIONAL COMMISSION " CO3G 1.85

92.05 T '!'"'ODD LOTS

P2+10 SET BROKER=.1253 IF (PRICE-S55) 2.2;3 SET BR=.250
#2.20 S SH=SH-ODDS

92.30 S QU=0D*PR

P2+ 40 IF (QU-400)2.4731F (QU-2400)2.4531F (QU-500032.43

02.41 S CO=QU*.0014373G 2.8

0243 S CO=QU*+005+173G 2.8

02+45 S CO=QU*.010+53G 28

02447 S CO=QU*.020+13G 2.8

P2.80 T *"COMMISSION ON *'%3,0D,'" ODD SHARES IS ''%7.02,CO+BR*0D
#2.99 S 0C=CO+BR*0DDS 3 IF (OF-@BUY) 3+15 29 » 3.1

@2.91 T !' OUTGO", 0C+QU,!

P2+93 IF (SHIEs@51455

©93.19 T ! INCOME *'QU-0C,!
B3.20 GOTO 2.93
*

*GO
**x*x*x BUY OR SELL?:BUY

HOW MANY SHARES :120 PRICE :22.50

PRICE*SHARES= 2700.00 $

ODD LOTS COMMISSION ON = 20 ODD SHARES IS = 12.00
INCOME = 43800
ROUND LOTS COMMISSION IS = 29.50

OUTGO IS NET = 2741.50 $

**x%% BUY OR SELL?:SELL
HOW MANY SHARES :20 PRICE :74

PRICE*SHARES= 1480.00 $

ODD LOTS COMMISSION ON = 2@ ODD SHARES IS = 24.80
INCOME = 1455.20
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Two Process Job Simulatién

ABSTRACT

This FOCAL-8 program facilitates scheduling jobs that involve
two processes. The following data must be stated by the user:

a. Number of jobs
b. Length of time for each of the two processes for each of
the jobs.

After comparing the data, FOCAL-8 will output on the Teletype
the optimal production schedule. The jobs are listed according
to performance.

Load Procedures

1. Load Two Process Job Simulation by FOCAL-8.*
2. Type GO and execution begins immediately.

3. A sample run follows.
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*WRIT
C-FoOC

N1.10
P1.11
P1.12
P1.13

22.01

03.01
P3.02
23.03

B4.01
B4.06
D4.08
D4a.09

05.10
B5.11
B5.12
25.13
B5.14
P5.15
A5.16
B5.20
*

*GO

TWO P

PLEAS
:3

PLEAS
TWO»

Jos
JoB
JoB
THE O

1
3

ANOTH

E ALL
AL, 1969

ASK !"TWO PROCESS JOB SHOP SIMULATION'!!

ASK !"PLEASE ENTER NUMBER OF JOBS TO BE DONE'"!, M

ASK !"PLEASE ENTER TIMES FOR EACH JOB ON PROCESS ONE AND'"!
ASK ""TWO, SEPARATED BY COMMAS'!

FOR I=1sM3TYPE !' JOB ",%2,1 3 ASK A(I), B(I)

SET IL=M; SET Il1=13 SET 1ID=9
SET SM=1Eé63 FOR I=1,M3 DO 4
GOTO 5.1

IF (ACI)=-B(I))4.063 IF (SM=-B(I))4.095 SET J0=23GOTO 4.98
IF (SM-A(CI)>)4.093 SET JO=1

SET 10=I3 SET SM=AC(I)3 IF (JO0-2)4.093; SET SM=B(I)

RETURN ’

IF (JO0-2)5.113 SET ISCIL)>=103 SET IL=IL-13 GOTO 5.12
SET ISCI1)=I0ZSET Il=11+1

SET ACIO)=1E63SET B(I0)=1E73 SET ID=ID+1

IF (ID-M)3.02,5.14

TYPE !"THE OPTIMAL PRODUCTION SCHEDULE IS'!

FOR I=1,M3 TYPE ! , ISCI)

ASK !!?ANOTHER ?;5 IF (AN-0ONO)2:2155+252.01

TYPE !"GLAD TO BE OF HELP.'!; QUIT

ROCESS JOB SHOP SIMULATION

E ENTER NUMBER OF JOBS TO BE DONE

E ENTER TIMES FOR EACH JOB ON PROCESS ONE AND
SEPARATED BY COMMAS

= 1:5,:3,

= 2286525,

= 3:ls21,

PTIMAL PRODUCTION SCHEDULE IS

ER :NO

GLAD TO BE OF HELP.

*
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HOW TO OBTAIN SOFTWARE INFORMATION

Announcements for new and revised software, as well as programming notes, software problems, and docu-
mentation corrections are published by Software Information Service in the following newsletters.

Digital Software News for the PDP-8 Family
Digital Software News for the PDP-9/15 Family
PDP-6/PDP-10 Software Bulletin

These newsletters contain information applicable to software available from Digital’s Program Library.
Please complete the card below to place your name on the newsletter mailing list.

Questions or problems concerning DEC Software should be reported to the Software Specialist at your
nearest DEC regional or district sales office. In cases where no Software Specialist is available, please send a
Software Trouble Report form with details of the problem to:

Software Information Service
Digital Equipment Corporation
146 Main Street, Bldg. 1-2
Maynard, Massachusetts 01754

These forms, which are available without charge from the Program Library, should be fully filled out and
accompanied by teletype output as well as listings or tapes of the user program to facilitate a complete inves-
tigation. An answer will be sent to the individual and appropriate topics of general interest will be printed in
the newsletter.

New and revised software and manuals, Software Trouble Report forms, and cumulative Software Manual
Updates are available from the Program Library. When ordering, include the document number and a brief
description of the program or manual requested. Revisions of programs and documents will be announced
in the newsletters and a price list will be included twice yearly. Direct all inquiries and requests to:

Program Library

Digital Equipment Corporation
146 Main Street, Bldg. 1-2
Maynard, Massachusetts 01754

Digital Equipment Computer Users Society (DECUS) maintains a user Library and publishes a catalog of
programs as well as the DECUSCOPE magazine for its members and non-members who request it, For
further information please write to:

DECUS

Digital Equipment Corporation
- 146 Main Street

Maynard, Massachusetts 01754

Send Digital’s software newsletters to:

Name

Company Name

Address (zip code)
My computer is a PDP-8/1 O PDP-8/L O

LINC-8 O PDP-12 O

PDP-9 0o PDP-15 O

PDP-10 O OTHER O Please specify

My system serial number is (if known)
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READER’S COMMENTS

Digital Equipment Corporation maintains a continuous effort to improve the quality and use-
fulness of its publications. To do this effectively we need user feedback — your critical eval-
uation of this manual.

Please comment on this manual’s completeness, accuracy, organization, usability, and read-

ability.

Did you find errors in this manual?

How can this manual be improved?

DEC also strives to keep its customers informed of current DEC software and publications.
Thus, the following periodically distributed publications are available upon request. Please
check the appropriate boxes for a current issue of the publication(s) desired.

O Software Manual Update, a quarterly collection of revisions to current software manuals.
[0  User’s Bookshelf, a bibliography of current software manuals.

O Program Library Price List, a list of currently available software programs and manuals.

Please describe your position.

Name Organization _*

Street . Department

City State Zip or Country
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DIGITAL EQUIPMENT CORPORATION
MAYNARD, MASSACHUSETTS- E E n

APPLICATIONS

Computer aided instruction
Trigonometric problems

Numbers systems and base conversion
Geometric design

Factor analysis

Binomial expansions

Statistics

Single- or multi-function plotting
Linear algebra (simultaneous equations, matrices etc.)
Differential equations

Table generation .

Simulation

Least squares fit

Eigenvalues

Digital filter design

Closed circuit traverse analysis
Measurement units conversion

Data monitoring

Compound interest

Stocks and bonds analysis

Decision theory

Budgeting

Scope and plotter output, and A/D input
Management games

Many others



