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r PAGE :1. 

:INTRODUCT:ION 

PS/8 FOCAL,1971 MAKES THE DEVICE-INDEPENDENT FILE HANDLING FACILITIES 
OF PSIS DIRECTLY AVAILABLE TO FOCAL USERS. IT IS A COLLECTION OF 
PATCHES TO FOCAL,1969 --- MOST PROGRAMS WRITTEN IN FOCAL,1969 WILL BE 
PROCESSED BY PSl8 FOCAL,1971 <SEE LIST OF DIFFERENCES ON PAGE 2). 

PS/8 FOCAL,1971 SOURCE AND BINARY FILES PLUS DEMONSTRATION PROGRAMS ARE 
AVAILABLE ON DECTAPE OR PAPER TAPE. ENCLOSE $5 OR AN EXTRA DECTAPE TO 
COVER HANDLING AND MAILING. <ADD $10 FOR DECTAPE VERSION IF YOU DO NOT 
INCLUDE YOUR OWN PSIS FORMATTED DECTAPE. > SEND REQUESTS TO: 

SOFTWARE DEYELOPMENT GROUP, OMS J:, PORTLAND, OREGON 97221.. 

SUGGESTXONS FOR NOVICES: 

THIS MANUAL IS INTENDED AS A REVIEWING AID FOR PERSONS WHO ALREADY HAVE 
SOME FAMILIARITY WITH FOCAL. A GOOD INTRODUCTION TO FOCAL PROGRAMMING 
IS CHAPTER i1 OF ~PROGRAMMING LANGUAGES~ <1970, $2); ALSO USEFUL IS 
THE PSIS USER~s GUIDE <NO. DEC-09-MEFA-D, $3). BOTH MAY BE PURCHASED 
FROM THE DEC PROGRAM LI BRAR'r', BLDG. 3-5, MAYNARD, MASS. 0:175c1·. 

TO USE PSl8 FOCAL,1.971 ON DECTAPE SYSTEMS <DISK USERS SEE PAGE 24): 

1) BOOTSTRAP INTO PS/8 MONITOR; 

2) AT MULTIPLE DECTAPE INSTALLATIONS, THE AUTHORS SUGGEST THAT THE PS/8 
COMMAND 'ASSIGN DTA~: OSK:~ BE GIVEN TO PERMIT THE USER TO USE HIS 
OWN DECTAPE AS THE DEFAULT DEVICE <DSK:); THIS IS REQUIRED BY THE 
;HELP~ PACKAGE AVAILABLE ON DECTAPE FOR PS/8 FOCAL11971; 

l) TYPE ;RUN OSK: PFOCAL;; 

4) THE INITIAL DIALOGUE WILL ASK IF YOU WISH TO RETAIN STANDARD FEATURES 
OF PS~S FOCAL,1971. A ;YES; WILL PROVIDE 3500 CHARACTERS OF PROGRAM 
SPACE, 99 VARIABLES, ~0 DIGIT PRECISION, FILES, AND TRIG FUNCTIONS. 
SEE ~INITIAL DIALOGUE·' ON PAGE 22 FOR OTHER OPTIONS; 

S> THE 'LIBRARY EXIT' COMMAND '.JILL RETURN YOU TO THE PSIS MONITOR; 

6) A ~HELP' PACKAGE FOR PSIS FOCAL,1971 IS AVAILABLE ON DECTAPE. MOUNT 
THE HELP TAPE ON DECTAPE DRIVE #1; MOUNT THE PSIS SYSTEM TAPE ON 
DR I VE 10. YOU MAY ENTER ' HELP~ WHILE loJR IT I NG A PSIS FOCAL PROGRAM 
BY TYPING THE COMMAND ~LG HELP'. YOUR PROGRAM WILL BE SAVED UNDER 
THE NAME 'FOCAL. TM~. WHEN YOU DESIRE NO MORE HELP, YOU WILL BE 
RETURNED TO YOUR OWN PROGRAM. SEE ALSO THE HELP INDEX ON PAGE 27; 

7) CTRLIP IS PSIS FOCAL'S BREAK CHARACTER. 

THIS MANUAL WAS TYPESET ON AN INEXPENSIVE MATRI:>( PRINTER MADE Bir'; 

CENTRONICS DATA COMPUTER CORP. 
ONE WALL STREET 
HUDSON~ NEW HAMPSHZRE 03051 
TELEPHONE <603> 883-0111 
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PAGE 2 

PROGRAMS WRITTEN IN FOCAL,1969 SHOULD REQUIRE ONLY ONE CHANGE TO RUN 
UNDER PS/8 FOCAL .. 1971: 

THE INPUT DEVICE IS SWITCHED TO THE HIGH SPEED PAPER TAPE READER 
WITH THE 'OPEN INPUT PTR:"' COMMAND AND St"1TCHED BACK TO THE 
TERMINAL WITH "OPEN INPUT TTY: .. ECHO" INSTEAD OF WITH THE"'*' 
COMMAND OF FOCAL .. 1969. 

OTHER CHANGES INCLUDE: 

1) EXTENDED LIBRARY FEATURES INCLUDING DEVICE-INDEPENDENT CHAINING 
AND SUBROUTINE CALLS BETlr.IEEN PROGRAMS. 

2) FILE READING AND lr.IRITING COMMANDS, 10 DIGIT PRECISION .. OR STANDARD 
TRIG FUNCTIONS MAY BE DELETED BY THE INITIAL DIALOGUE TO ALLOW UP 
TO 222 VARIABLES WITH 5500 CHARACTER PROGRAMS; WITH ALL FEATURES 
RETAINED, 98 VARIABLES AND 3500 CHARACTERS REMAIN. SEE PAGE 22. 

3> COMPUTED LINE NUMBERS; SEE PAGE 20. 

4) TABULATION. 

5) IMPROVED DISTRIBUTION AND 'RANDOM" INITIALIZATION OF 'FRAN()", 
THE PSEUDO-RANDOM NUMBER FUNCTION. 

6) UNLIMITED LINE LENGTHS. 

7> CHARACTER MANIPULATIONS HANDLED WITH 'FIN<>' AND 'FOUT()'. 

8) FSGN<0>=0 CFSGN<0>=:1. IN FOCAL .. 1969J 

9) 'ERASE ALL' AND 'MODIFY' DO NOT ERASE VARIABLES. 

10) IN ADDITION TO THE FDIS<> DISPLAY FUNCTION FOR DEC'S 34D DISPLAY, 
VERSIONS ARE AVAILABLE WITH DISPLAY AND JOYSTICK FUNCTIONS FOR 
THE TEKTRONIX T-4002 GRAPHICS TERMINAL. 

11) 3 SPECIAL VARIABLES ARE PROTECTED FROM THE 'ERASE' COMMAND 
' ! ', '"',AND '#". '#" IS SET TO 1 BY THE INITIAL DIALOGUE IF 
ALL OPTIONAL FEATURES OF PS/8 FOCAL ARE DELETED AND TO 2310 IF 
STANDARD FEATURES ARE RETAINED; SEE 'INITIAL DIALOGUE', PAGE 22. 

12) PS/9 FOCAL'S STARTING ADDRESS IS 10200 <FIELD 1>. 
' 

CTRL~P IS THE BREAK CHARACTER 

NOTE: PS/8 FOCAL DATA FILES ARE COMPATIBLE WITH EDIT AND TEC0-9; 
HOWEVER, PS/8 FOCAL PROGRAM FILES ARE SAVED AS CORE IMAGES. 
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COMMFINDS _____ ....,.,. __ 
*** DIRECT COMMANDS ARE GIVEN WHILE FOCAL IS IN COMMAND MODE. THEY 
ARE TYPED WITHOUT LINE NUMBERS AND FOCAL EXECUTES THEM AS SOON AS THE 
RETURN BUTTON IS HIT --- FOR EXAMPLE: 

*TYPE 3+4., ! 
7.8000 

* 

*SET X=3 
*SET Y•2 

<FOCAL OUTPUTS THE VALUE OF 3+4) 

(OR SEVERAL COMMANDS MA~' SE GI VEN IN SEQUENCE : > 

~ *TYPE 3+X+Y, ! 

f 
r 

8.0000 

*** INDIRECT COMMANDS ARE USED FOR LONGER PROGRAMS. THEY ARE TYPED 
FOLLOWING LINE NUMBERS BETWEEN 1. 01 AND 31. 99 NOT INCLUDING INTEGERS 
AND MAY BE EXECUTED BY A DIRECT 'GO': 

*2.1 SET X=3 
*2. 2 SET 'w'=2 
*2. 3 T'w'PE J+X+Y, ! 
*GO 

8. 0000 

* 

COMMFIND FORMAT: 

THE GENERAL FORM OF EACH IS GI VEN FOLLOl.JED BY EXAMPLES IN l.JH I CH : 

<> ENCLOSE REQUIRED TERMS. C l ENCLOSE OPTIONAL TERMS. 
<> ENCLOSE COMMENTS. ONE LETTER ABBREVIATIONS MAY BE 
USED FOR COMMAND WORDS. X REPRESENTS A VARIABLE. £1, 
E2 AND E3 ARE ARITHMETIC EXPRESSIONS. L1, L2 AND L3 
ARE LINE NUMBERS. G1. IS EITHE.R A LINE OR GROUP NUMBER. 
L1, L2, L3 AND G1 MAY BE REPLACED WITH ANY ARITHMETIC 
EXPRESSION NOT BEGINNING WITH THE LETTER 'A'. 

MOST COMMANDS MUST BE FOLLOWED BY A SPACE. 
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ELEMENTARY COMMANDS ---------- --------
ASK 

*ASK t 0 PRINT OUT IN QUOTES"] xc .. Y .. Zl <INPUT VALUES FOR VARIABLES) 

ASK Y 
A Z 
A e2,,x .. NUMBER 
A "HOW MANY'? "M · 

<EXPECTS A VALUE TO BE INPUT FOR Y) 
<A IS THE ABBREVIATION FOR 'ASK') 
<EXPECTS THREE VALUES TO BE INPUT) 
(TYPES 'HOl~ MANY"' THEN SETS M EQUAL TO THE RESPONSE> 

* * * SPACE,, COMMA OR CARRIAGE RETURN WILL TERMINATE EACH NUMBER INPUT. 
TYPE A "'~' <BACK ARROW) TO ERASE A PARTIALLY ENTERED NUMBER WHICH MAY 
THEN BE RE-ENTERED. ALT MODE WILL CAUSE FOCAL TO LEAVE THE VARIABLE 
WITH ITS FORMER VALUE. IF 'ASKING"' FROM A FILE --- A SPACE, COMMA OR 
OTHER DELIMITER MUST PRECEDE A NEGATIVE SIGN .. '-"' .. OR THE NUMBER WILL BE 

~ READ AS POSITIVE. RESPONDING TO INITIAL DIALOGUE WITH "'YES"' OR "'4 .. 5' 

WILL REMEDY THIS BY OUTPUTTING A LEADING SPACE WHEN USING 'TYPE"'. 

•COMMENT 

COMMENT SQRT 
c 

COMMENT 

<LINES BEGINNING WITH A 'C' WILL BE IGNORED) 

<COMMENTS ARE USED TO DESCRIBE PROGRAMS> 
<ABBREVIATION> 

r"I "°"""' CONT I NUE <DUMMY LINE> 

r 

DO 

•DO CLINE OR GROUP NUMBERJ <SUBROUTINE CALL) 

DO 7. 24 
D 4. 48 
DO 7 
00 ALL 
D G1; D 7. 6 

<TELLS FOCAL TO EXECUTE LINE 7. 24 THEN RETURN 
TO THE COMMAND FOLLOWING THE "'00"') 

<EXECUTES GROUP 7) 
<STARTS EXECUTION OF PROGRAM AT FIRST LINE> 
<EXECUTES LINE OR GROUP G1 THEN LINE 7. 6> 

* * * DO NOT USE AN ARITHMETIC EXPRESSION STARTING WITH 'A"' AS 
A COMPUTED LINE NUMBER OR IT WILL 'DO ALL'. 

ERASE 

*ERASE CLINE OR GROUP NUMBERJ <ZEROES VARIABLES IF NO NUMBER GIVEN> 

ERASE 2.-17 
E 3 
ERASE 
ERASE ALL 

<DELETES LINE 2. 17 FROM INDIRECT PROGRAM> 
<DELETES ALL GROUP 3 LINES) 
<ZEROES ALL VARIABLES) 
<ERASES ENTIRE INDIRECT PROGRAM> 

* * * 'ERASE' MUST BE THE LAST COMMAND ON A LINE. 'ERASE <LINE OR 
GROUP NUMBER> WILL CAUSE FOCAL TO RETURN TO COMMAND MODE AFTER ERASING. 
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FOR 

*FOR X=E1C,E2l>E3;CCOMMAND TO BE REPEATED <E3-E1>1E2+1 TIMESJ 

FOR P=1,7;TYPE 3 
FOR J=1>5;DO 17. 1 
F X=2>2>8;T Xatc10 
FOR Z=1>Y;DO 7 

<l.JI LL TYPE A ... 3" SEVEN TI MES) 
<WILL DO LINE 17.1 FIVE TIMES> 
<WILL TYPE "20 40 60 80") 
<lo.II LL DO GROUP 7 > Y TI MES) 

* * * THE "FOR" COMMAND IS REPEATED --- ADDING 1 <OR E2> TO E1 EACH 
CYCLE UNTIL E1 EXCEEDS E3. EXECUTION THEN GOES TO THE NEXT LINE. 

130 

*GO CLINE NUMBERJ <STARTS EXECUTING PROGRAM AT DESIGNATED LINE> 

GO 
G 
GOTO 3. 1 
GO ? 

G X 

<STARTS EXECUTING INDIRECT PROGRAM AT FIRST LINE> 
<ABBREVIATION> 
<STARTS EXECUTING PROGRAM AT LINE 3. 1> 
<"TRACE FEATURE" -- PRINTS PROGRAM DURING EXECUTION 

UNTIL NEXT OCCURRENCE OF"?") 
<STARTS EXECUTING PROGRAM AT LINE X) 

J: F 

atcIF <E1>L1C>L2>L3J <GOES TO LINE Li> L2> OR L3 DEPENDING ON WHETHER 
E1 IS -> 0> OR +) 

IF <X>2.7,1. 2>3. 8 
1 <H-5>1. J,1. 5>1. 7 
I <B-3)2. 9, 7. 9; Q 

I <Z>2. 7;T 21 
I <G>2. 1, y, 2. 4 

<FOCAL GOES TO LINE 2. 7> 1.2 OR 3. 8 IF XIS -,0 OR+) 
<"IF" CHECKS THE VALUE INSIDE THE PARENTHESES> 
<"QUITS" EXECUTION IF <B-3) IS POSITIVE> 
<IF Z IS NEGATIVE THEN GO TO 2. 7; ELSE 'TYPE 21') 
<IF G~0 THEN GOES TO LINE Y) 

*MODIFY <LINE NUMBER> 

MODJ:FY 

<EDIT LINE> 

"MODIFY 3. 72" FOLLOWED BY A CARRIAGE RETURN AND A CHARACTER 'X" WILL 
OUTPUT LINE 3. 72 THROUGH ITS FIRST "X". YOU MAY THEN: 

1) INPUT THE REST OF THE REVISED LINE AND HIT "RETURN" 
2> USE "RUB OUT' TO ERASE SINGLE CHARACTERS 
3> HIT "LINE FEED' TO KEEP REMAINDER OF OLD LINE 
4> HIT CTRLIL TO GO TO NEXT OCCURRENCE OF "X" 
5> HIT CTRLIBELL TO CHANGE SEARCH CHARACTER; THEN HIT NEW CHARACTER 
6> HIT "~' TO KILL LINE OVER TO LEFT MARGIN 

QUJ:T 

*QUIT <TERMINATES PROGRAM EXECUTION> 

Q <ABBREVIATION> 
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RETURN 

<CAUSES ESCAPE FROM A SUBROUTINE TO THE COMMAND 
FOLLOWING THE CALLING 'DO' OR 'LIBRARY GOSUB'> 

<ABBREVIATION) 

SET 

*SET Y=<NUMBER,VARIABLE OR EXPRESSION> <SETS VARIABLE VALUES> 

SET Y=37 
S A=:110t"'P+32 
S Y=Y+:1 
s 2=# 
s #=0 
S X=FIN<> 
S DUMMY=FOUT(203) 

<CAUSES 'Y' TO TAKE THE VALUE 37) 
<CAUSES 'A' TO ASSUME THE VALUE OF :110rP+32> 
<SETS THE NEW VALUE OF Y EQUAL TO 1 PLUS OLD VALUE> 
<SETS 2 EQUAL TO VALUE OF PROTECTED VARIABLE'#') 
<ONLY WAY TO ZERO PROTECTED VARIABLE'#') 
<SETS X TO DECIMAL ASCII CODE OF NEXT CHARACTER INPUT> 
<OUTPUTS LETTER 'K' AND SETS DU=203) 

TYPE 

*TYPE tNUMBERS, VARIABLES, EXPRESSIONS, TEXT IN QUOTES, !,#,:,$OR ~l 

TYPE 3 
T X 
T X/Y-:1 
T "HI THERE" 
T 
T 11 A11 ! 11 8 11 ! 11 C11 ! 
T I 
T (#) 
T "ANS: II, 26+5 
T ! : a .. "*" 
T $ 
T r.10. 07 

T ;.: 

<OUTPUTS A 3 ON THE TERMINAL OR OTHER OUTPUT DEVICE> 
<OUTPUTS THE VALUE OF X> 
<OUTPUTS THE VALUE OF THE EXPRESSION X/Y-1> 
<OUTPUTS THE GREETING 'HI THERE'> 
<OUTPUTS A CARRIAGE RETURN/LINE FEED) 
<OUTPUTS CHARACTERS 'A', '8' AND 'C' VERTICALLY> 
<OUTPUTS A CARRIAGE RETURN WITHOUT LINE FEED) 
<OUTPUTS VALUE OF SYSTEM STATUS VARIABLE, '#') 
<OUTPUTS 'ANS: 31') 
<OUTPUTS RETURN/LINE FEED THEN A '*' IN POSITION 8) 
<OUTPUTS THE SYMBOL TABLE> 
<SETS THE OUTPUT FORMAT TO ALLOl.oJ UP TO 10 DIGITS 

TO BE PRINTED, OF WHICH 7 MAY BE DECIMAL PLACES> 
<FORMATS OUTPUT IN POWERS-OF-TEN NOTATION> 

* * * THE INITIAL DIALOGUE'S STANDARD FEATURES OUTPUTS A LEADING SPACE 
BEFORE EACH NUMBER IS 'TYPED' --- THIS PERMITS NEGATIVE NUMBERS TO BE 
READ AS NEGATIVE FROM A FILE WRITTEN IN THIS MANNER. FEATURE 6 PERMITS 
OUTPUTTING A'=' AS IN FOCAL,1969 <NOT RECOMMENDED FOR WRITING FILES>. 

WRJ:TE 

*WRITE tGROUP OR LINE NUMBERJ <LISTS INDIRECT PROGRAM> 

WRITE 2. 27 
w 2 
WRITE ALL 
W A 
w 
W G1 

<OUTPUTS LINE 2. 27 OF THE INDIRECT PROGRAM) 
<OUTPUTS GROUP 2) 
<OUTPUTS ENTIRE INDIRECT PROGRAM> 
<ABBREVIATION FOR 'WRITE ALL'> 
<ABBREVIATION FOR 'WRITE ALL') 
<OUTPUTS GROUP OR LINE GIVEN BY 'G:l.') 

* * * DO NOT USE AN ARITHMETIC EXPRESSION STARTING WITH 'A' AS A 
COMPUTED LINE NUMBER OR IT WILL 'WRITE ALL'. 'WRITE' MUST BE THE 
LAST COMMAND ON A LINE. 
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L:IBRARY COMMANDS 

PS~e DEVXCE NAMES: 

SYS: 
OSK: 

DTA0: 
LTA0: 
MTA0: 
P'f.R: 
PTP: 
LPT: 
TTY: 

SYSTEM DEVICE <DSK: IN DISK SYSTEM; DTA0: IN DECTAPE SYSTEM> 
THE DISK IN DISK SYSTEMS; DECTAPE #0 IN DECTAPE SYSTEMS 
<THE AUTijORS SUGGEST THAT DECTAPE SYSTEMS 'ASSIGN DTA1:DSK:'> 
<'OSK:' IS ASSUMED IF A DEVICE IS NOT SPECIFIED) 

- DTA7: DECTAPE DRIVES 
- LTA7: LINCTAPE DRIVES 
- MTA7: .MAGTAPE DRIVES 

HIGH SPEED READER 
HIGH SPEED PUNCH 
LINE PRINTER 
TERMINAL 

REFERENCING A NON-EXISTENT DEVICE MAY CAUSE THE COMPUTER TO ENTER AN 
INFINITE LOOP WAITING FOR THE DEVICE. RECOVERY IS MADE BY USING THE 

fl'rn SWITCH REGISTER --- LOAD ADD 10200 AND START. 

i 

F1 
' 

rm 
I 
L 

F" 
I 

r 

r 

r 
r-

r 

r 

L:IBRARY CALL 

itcL IBRARY CALL C DEV I CE : l<PROGRAM NAME> <LOADS SAVED PROGRAM> 

LIBRARY CALL CHISQR 
L C DTAJ:PRGRAM 
L C TEST1 

<LOADS PROGRAM 'CHISQR.FC' FROM DSK:> 
<LOADS 'PRGRAM. FC' FROM DECTAPE DRIVE #3) 
<LOADS 'TEST1. FC' FROM OSK:> 

***FOCAL RETURNS TO COMMAND MODE FOLLOWING A 'LIBRARY CALL'. 

LXBRARY DELETE 

*LIBRARY DELETE CDEVICE: J<PROGRAM NAME> <DELETES FILE FROM DEVICE) 

LIBRARY DELETE TTEST 
L D DTA7:PROG 
L D HOLD. FD 

<DELETES PROGRAM 'TTEST. FC' FROM OSK:) 
<DELETES 'PROG. FC' FROM DECTAPE DRIVE #7) 
<DELETES DATA FILE 'HOLD.FD') 

***LIBRARY DELETE ASSUMES '.FC' FILE NAME EXTENSION; OTHERS MUST 
BE SPECIFIED. 'LIBRARY DELETE' CLOSES ANY OPEN OUTPUT FILES. 

LXBRFIRY GOSUB 

•LIBRARY GOSUB CDEVICE: l<PROGRAM NAME> CGROUP OR LINE NUMBERJ 

LIBRARY GOSUB TEXT 13. 7 

L G SUMSQR 
L G DTA3:X. Y 7 
L G BOBO G1 

<LINE 13. 7 OF 'TEXT. FC/ BECOMES SUBROUTINE WHICH 
RETURNS TO THE COMMAND FOLLOWING 'GOSUB') 

<TREATS WHOLE 'SUMSQR. FC' PROGRAM AS SUBROUTINE) 
<TREATS GROUP 7 OF 'X. Y' LIKE A 'DO' SUBROUTINE) 
<'GOSUB' TO LINE OR GROUP EQUAL TO VALUE OF G1. 

DO NOT USE EXPRESSIONS BEGINNING WITH 'A'.> 

* * * IF THE VERSION OF A PROGRAM ISSUING A 'GOSUB' IS NOT SAVED~ ANY 
OPEN OUTPUT FILE IS CLOSED AND THE PROGRAM IS SAVED AS 'FOCAL. TM' BEFORE 
EXECUTION OF THE 'GOSUB'. 
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LJ:BRAR'r' LJ:ST 

•LIBRARY LIST tDEVICE: J[FIRST FILE NAME TO BE LISTEDl 

LIBRARY LIST 
L L 
LIBRARY LIST DTAl: 
L L DTA6:TEST 

<LISTS PROGRAM AND DATA FILE NAMES WITH FOCAL 
EXTENSIONS'. FC'=PROGRAM; '. FD'=DATA FILES> 

<LISTS FOCAL. FC AND .FD FILES SAVED ON OSK:> 
(ABBREVIATION> 
<LISTS FILES SAVED ON DECTAPE DRIVE #3) 
<STARTS LISTING WITH 'TEST. FC') 

* * * FILE LENGTH IS PRINTED IN BLOCKS; 1 BLOCK IS ABOUT 500 CHARACTERS. 

L:tBRFIR'r' RUN 

*LIBRARY RUN CDEVICE: J<PROGRAM NAME> CLINE NUMBERJ 

LIBRARY RUN JOHN 
L R DTA2:ZONK 
L R POP 22. 81 
L R ZOWIE E1 

<BEGINS EXECUTION OF NAMED PROGRAM> 

<LOADS 'JOHN. FC' THEN BEGINS PROGRAM EXECUTION> 
<RUNS 'ZONK.FC' FROM DECTAPE DRIVE #2) 
<STARTS EXECUTING 'POP. FC' AT LINE 22. 81> 
<STARTS EXECUTING 'ZOWIE.FC' AT LINE £1) 

* * * PROGRAMS CONTAINING 'RUNS' SHOULD BE SAVED BEFORE EXECUTION. 

LJ:BRFIR'r' SAVE 

•LIBRARY SAVE CDEVICE: J<PROGRAM NAME:> 

LIBRARY SAVE PROG 

L S DTA6:ZAAP 
L S PRGNAM 

<SAVES INDIRECT PROGRAM PRESENTLY IN THE TEXT 
BUFFER AREA UNDER THE NAME 'PROG.FC' ON DSK:> 

<SAVES 'ZAAP. FC' ON DECTAPE DRIVE 16> 
<SAVES 'PRQNAM.FC' ON DSK:> 

* * * OLD 'PRGNAM' IS DELETED WHEN NEW 'PRGNAM' IS SAVED. THIS 
COMMAND CLOSES OPEN OUTPUT FILES. 

*LIBRARY EXIT 

L E 

L :t BRFIR'r' EX J: T 

<LEAVES FOCAL; RETURNS TO PS/8 MONITOR> 

<ABBREVIATION> 
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PAGE 9 

FXLE COMMANDS 

THE EXPERIENCED PROGRAMMER MAY READ AND WRITE PSIS COMPATIBLE DATA 
FILES WITH MANY DEVICES. SEE PSIS DEVICE NAMES ON PAGE 7. 

PSIS FOCAL ASSUMES . FC AND . FD AS NAME EXTENSIONS FOR PROGRAM AND 
DATA FILES RESPECTIVELY. DATA FILES ARE SAVED IN STANDARD PS/8 ASCII 
FORMAT AND ARE COMPATIBLE WITH EDIT AND TEC0-8. PROGRAM FILES ARE 
SAVED IN CORE IMAGE FORMAT AND MAY BE TRANSFERRED BY PIP ONLY WITH 
THE 'II' OPTION. TO PRODUCE AN ASCII FILE CONTAINING A FOCAL PROGRAM, 
OPEN AN OUTPUT FILE; 'WRITE ALL' THEN 'OUTPUT CLOSE'. 

THE TERMINAL <TTY:) IS PSIS FOCAL'S NORMAL INPUT AND OUTPUT DEVICE. 
THE 'OPEN INPUT' COMMAND PERMITS SELECTING ANOTHER DEVICE FOR INPUT 
<DEVICES LISTED ON PAGE 7). 'OPEN OUTPUT' DOES THE SAME FOR OUTPUT. 
BE SURE TO CLOSE ONE OUTPUT FILE BEFORE OPENING ANOTHER. 

',ECHO' ADDED TO THE INPUT CONMANDS ECHOES THE INPUT DATA ON THE OUTPUT 
DEVICE. WHEN ADDED TO OUTPUT COMMANDS, ',ECHO' CAUSES THE OUTPUT TO BE 
ECHOED ON THE TERMINAL. 

'OUTPUT CLOSE' EMPTIES THE OUTPUT BUFFER ONTO THE DEVICE ANO SAVES THE 
FILE IF THE DEVICE IS FILE STRUCTURED <DISK OR MAGNETIC TAPE>. 

THE 'OPEN INPUT TTY:, ECHO' COMMAND WILL RESTORE THE TERMINAL AS THE 
INPUT DEVICE WITH ECHO. AFTER AN ERROR OCCURS OR 'CTRLIP' IS STRUCK, 
THE TERMINAL IS RESTORED AS BOTH INPUT AND OUTPUT DEVICE. 

READING AND WRITING CAN BE RESUMED WITH PREVIOUSLY OPENED NON-TTY: 
DEVICES THROUGH 'OPEN RESTORE INPUT' AND 'OPEN RESTORE OUTPUT' COMMANDS. 

DIRECT FILE COMMANDS MAY BE EXECUTED AS MENTIONED UNDER 'MERGING 
PROGRAMS' OR A SERIES OF DIRECT COMMANDS MAY BE EXECUTED AUTOMATICALLY 
FROM A FILE. FOR EXAMPLE, IF YOU WISHED TO GET LISTINGS OF SEVERAL 
PROGRAMS, YOU COULD PREPARE THE FILE 'LISTAL. FD' USING EDIT OR TEC0-8: 

TYPE ! ! ! ! .. LISTING OF TEST:L-TEST3: II! ! ! ! 
LIBRARY CALL TEST:L 
WRITE ALL 
TYPE ! ! ! ! 
LIBRARY CALL TEST2 
i.JRITE ALL 
TYPE ! ! ! ! 
LIBRARY CALL TEST3 
i.JRITE ALL 
TYPE ! ! ! ! 
OPEN INPUT TTY:, ECHO 

THEN, BY GIVING THE DIRECT FOCAL COMMAND 'OPEN INPUT LISTAL', ALL 3 
PROGRAMS WOULD BE OUTPUT lolITHOUT YOUR INTERVENTION. 

NOTE: WHEN WRITING FOCAL DATA FILES, IT IS NECESSARY TO INCLUDE A 
SPACE, COMMA, CARRIAGE RETURN OR OTHER DELIMITER PRECEDING 
A MINUS SIGN, OTHERWISE THE NUMBER WILL APPEAR POSITIVE WHEN 
'ASKED'. A PRECEDING SPACE WILL BE AUTOMATICALLY 'TYPED' IF 
THE INITIAL DIALOGUE RECEIVES AN ANSWER OF 'YES' OR '4,5'. 
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OPEN :C NPLIT 

>t<OPEN INPUT C DEV I CE : JC FI LE NAME JC " ECHO l <PREPARES A FILE TO BE READ 
WITH 'ASK' OR 'FINC)') 

OPEN INPUT BLOOP <OPENS .,.BLOOP. FD-' FILE FROM DSK:) 
0 I DTA'1 :REt\,, ECHO <OPENS -'RED. FD'" FILE FROM DECTAPE DRIVE #4 AND 

l•l I LL ECHO ON OUTPUT DEV I CE "!HI LE READ I NG .- RED-' ) 
0 I PTR: <PS/8 l-HLL TYPE AN '.-..- ON THE TERMINAL; HIT THE 

SPACE BAR AFTER PAPER TAPE IS LOADED IN READER. ) 
OPEN INPUT TTY:.1ECHO <RESTORES TERMINAL TO NORMAL STATUS) 

* * * CTRL/2 IS THE LAST CHARACTER IN A FOCAL DATA FILE. ATTEMPTS 
TO READ PAST THE END-OF-FI LE l·J I LL CAUSE A ' ?-' TO SE OUTPUT ON THE 
TERMINAL AND WILL RESTORE THE TERMINAL AS INPUT DEVICE. 

OPEt-.a QIJTPUT 

*OPEN OUTPUT CDEVICE: ][FILE NAMEJC..ECHOl <PREPARES A FILE TO BE WRITTEN 
WITH 'TYPE'> 'FOUTCA)-' OR 
ECHOING FROM INPUT FILE> 

OPEN OUTPUT ABC 
0 0 DTA7:ZZ 
0 0 PTP :.1 ECHO 

<OPENS ·' ABC. FD... TO BE l·JR I TTEN ON THE OSK : ) 
<OPENS 'ZZ. FD-' FILE ON DECTAPE DRIVE #7) 
<ECHOES ON TT'T': HHILE OUTPUTTING TO PUNCH; BE 

SURE TO GI VE AN ·' OUTPUT CLOSE.,. ~.JHEN DONE) 

* * * OPEN OUTPUT FILES lHLL SE CLOSED IF THE COMMAND ,. LIBRAR'r' SAVE·' 
OR ·'LIBRARY DELETE,. IS GIVEN OR IF ,. LIBRAR'T' GOSUB-' IS GIVEN 8'11 A VERSION 
OF A PROGRAM THAT HAS NOT BEEN SAVED. 

OPEN RESTORE INPUT 

*OPEN RESTORE INPUTC.1ECHOl <RESUMES INPUT FROM FILE) 

OPEN RESTORE INPUT 

0 R I 
0 R LE 

<RESUMES I t-!PIJTT I NG DATA FROM A PREV I OUSL "I OPENED 
INPUT FILE AFTER USING THE TT'1': WITH AN 
'OPEN INPUT TT"/:, ECHO') 

(5Af'1E) 
< SAl"1E PLUS ECHO) 

OPEN RESTORE OUTPUT 

*OPEN RESTORE OUTPUTC~ECHOJ <RESUMES OUTPUT TO FILE) 

OPEN RESTORE OUTPUT 

0 R 0 
0 R 0.1ECHO 

*OUTPUT CLOSE 

0 c 

<RESUMES OUTPUTTING ON PREVIOUSLY OPENED 
OUTPUT DEV I CE AFTER US·I NG TTY : > 

<SAME) 
<SAME PLUS ECHO) 

OUTPUT CLOSE 

<ENDS FILE l·~RITING FIND SAVES OUTPUT FILE IF DEVICE 
IS FILE STRUCTURED --- DIS!< OR MAGNETIC TAPE) 

<ABBREVIATION) 
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FXLE AND CHARACTER HANDLING PROGRAMS 
~ ---- --- --------- -------- --------
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GROUP 1 SETS UP THE ., l·JORDS·' FI LE. GROUP 2 SCANS IT, ECHO I NG ONLY THE 
l~ORDS l-lHICH START l.UTH THE SEARCH LETTER. OBSERVE THE PROGRAM LISTING 
AND EXECUTION; ALSO NOTE CONPUTED LINE NUMBER "'P"' USED IN LINE 2. 60 
TO MINIMIZE TIME IN THE CHARACTER INPUT LOOP: 

•WRITE ALL 
C-PS..-''8 FOCAL, :1971 

01.. 05 COMMENT : ., l•JORDS" 7.-'3/71 BY J. HU I SMAN OF Of'1S I 
01. 10 OPEN OUTPUT DTA2: l•lORDS; OPEN OIJTPIJT TTY: ; ERASE 
0:1. 20 TYPE ! "ENTER t·mRDS; FOLLOW EACH l.JITH A SPACE: 11 ! 
0:1..30 TYPE "<ENTER A SPACE BY ITSELF TO CLOSE FILE) 11 ! ! 
0:1. 40 TYPE : S"? 11

; OPEi'-~ RESTORE OUTPUT, ECHO 
01. 50 IF <-FABS<FIN<>-:160))1. 5;0PEN OUTPUT TTY: 
01.. 60 TYPE !"MORE? ";OPEN RESTORE OUTPUT, ECHO 
0:1. 70 IF <-FABS<FIN<>-:160)):1.. 5;0UTPUT CLOSE; GOTO 2. 7 

02. 10 TYPE ! 11 ENTER SEARCH LETTER : "; SET L=F IN<); T ! ! ! 
02. 20 TYPE "WORDS STARTING t•UTH .. ; s D=FOIJT(L); T II: II! : 5 
02. 30 OPEN INPUT DTA2:WORDS;SET s~:160;SET P=2. 6 
02. 40 SET C=FIN(); IF <FABS<C-5)),2. 7; I <-FABS<L-C>>2. 6 
02. 50 OPEN RESTORE INPUT,ECHO;T ! :5;5ET DUMMY=FOUT<C> 
02. 60 I <-FASS<FIN<>-S>>P;OPEN RESTORE INPUT;G 2. 4 
02. 70 OPEN INPUT TTY: I ECHO; TYPE ! ! "DONE. II! ! i QUIT 
*GO 

ENTER WORDS; FOLLOl·J EACH t·J I TH A SPACE : 
<ENTER A SPACE BY ITSELF TO CLOSE FILE> 

? KINCAIO 
MORE? BUTLER 
MORE? CRAl•JFORI> 
MORE? KAY 
MORE? POLLAF~D 
MORE? KLATT 
MORE? 

DONE. 

*GOTO 2. :1 

EHTER SEARCH LETTER: K 

WORDS START I NG loJ I TH K : 

KINCAID 
KAY 
KLATT 

DONE. 

* 
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"' ALPHA" 

... ALPHA" ALPHABETIZES A ... l.JORDS. FD" FILE PREPARED BY THE "l.JORDS. FC" PROGRAM ON PAGE 11. 

PAGE 1.2 

NOTE THAT THESE P.ROGRAMS ARE EXAMPLES ONLY AND NOT RECOMMENDED FOR GENERAL USE SINCE ERROR CHECKING THAT WOULD MAKE THEM USER-ORIENTED WAS EXCLUDED FOR THE SAKE OF BREVITY. 

*WRITE ALL. 
C-PS,.-'8 FOCAL> 1971 

0i.. 05 COMMENT: 'ALPHA" 8/1/71 BY B. SMITH OF OMSI 
01.10 OPEN INPUT OTA2:WORDS 
01..15 OPEN OUTPUT DTA2:WORD5>ECHO;ERASE 
01..20 DO 10; IF <LE),3. 3 
01..25 SET LE<1>=LE;FOR J=1>LE;SET B<J)=A<J>;SET A<J>=0 01.30 DO 1.0; IF <LE),3. 1 
01.40 IF <LE-LE<1>>1. 451SET N=LE;GOTO 1. 5 
01.45 SET N=LE<1> 
01.50 FOR I=1,N;DO 2 
01..60 GOTO 1. 3 

02.10 IF <A<I>-B<I>>2. 4>2. 3 
02.13 FOR J=1,LE<1>;SET D=FOUT(B(J));SET B<J>=0 
02.20 TYPE" ";SET I=N+1.;DO 1. 25;RETURN 
02.30 IF <I-N>;DO 2.4;TYPE" ";RETURN 
02.40 FOR J=11LE;SET D~FOUT<A<J));SET A<J>=0 
02. 50 SET I=N+1;SET CHANGE=CHANGE+1.JTYPE It II 

03. 10 FOR I=1.,LE(1.);SET D•FOUT(B(I)) 
03.20 TYPE .. " 
03. 30 OUTPUT CLOSE; TYPE !; IF <CHANGE>,3. 41 
03. 40 OPEN INPUT TTY : , ECHO; TYPE ! , "DONE. ", ! ! ; QUIT 

1.0.1.0 SET LE=0 
10.20 SET A<LE+1>=FIN();IF <A<LE+i)-154>10. 3> 
10. 30 IF <A<LE+1>-~60)10. 4110. 5 
1.0. 40 SET LE=LE+1;GOTO 10. 2 
10. 50 SET A<LE+1)=0 
•GO 
791 AND QUITE 124 123 ALL NUMERICS ORDERED ALPHABETICS USEFULLY 791 ANO 124 1.23 ALL NUMERICS ORDERED ALPHABETICS QUITE USEFULLY 791 124 AND 123 ALL NUMERICS ORDERED ALPHABETICS QUITE USEFULLY 124 791 123 ALL AND NUMERICS ALPHABETICS ORDERED QUITE USEFULLY 124 1.23 791 ALL AND ALPHABETICS NUMERICS ORDERED QUITE USEFULLY 123 124 791 ALL ALPHABETICS AND NUMERICS ORDERED QUITE USEFULLY 123 124 791. ALL ALPHABETICS AND NUMERICS ORDERED QUITE USEFULLY 
DONE. 
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PAGE 13 

S"r'MBOLS 

ARXTHMETZC S"r'MBOLS: 

EXPONENTIATION 
TYPE 3"""2 
SET X=Y"""Z 
TYPE 2"""3. S 

MULTIPLICATION 
TYPE 2•4 
SET Xi=X•Z 

DIVISION 
TYPE ~1'2 
SET X=Yl'Z 

ADDITION 
TYPE 2+2 
SET XaY+Z 

SUBTRACTION 
TYPE 3-X 
SET X=Y-Z 

ENCLOSURES 

c-J <INDICATES AN INTEGER EXPONENT> 
<OUTPUTS A '9' -~ 3 TO THE SECOND POWER> 
<SETS X EQUAL TO Y RAISED TO THE INTEGRAL Z POWER) 
<PRINTS AN '9' --- THE . 5 IS IGNORED> 

C•J 
<OUTPUTS AN " 8" ) 
<SETS THE NEW VALUE OF X EQUAL TO X TIMES Z> 

[I' l 
<OUTPUTS A '3') 
<SETS X EQUAL TO Y DIVIDED BY Z> 

C+J 
<OUTPUTS A '4") 
<SETS X EQUAL TO Y PLUS Z> 

C-J 
<OUTPUTS THE VALUE OF 3-X> 
<SETS X EQUAL TO Y MINUS Z> 

(),[ J, ANO<> MAY BE USED IN MATCHED PAIRS 
TO ENCLOSE QUANTITIES WHICH ARE TO BE OPERATED 
ON AS A UNIT. 



r 
i 

SPECXAL CHARACTERS: 
PAGE :1.4 

RETURN/LINE FEED C !J 
TYPE !!!!,X, ! ! <OUTPUTS 4 CARRIAGE RETURN/LINE FEEDS, THE VALUE OF 

X, AND THEN 2 MORE CARRIAGE RETURN/LINE FEEDS. 

CARRIAGE RETURN C#l 
SEE WHAT THE'#~ DOES TO LINE 10.35 FIRST WRITTEN THEN EXECUTED: 
<NOTE THAT THE'/' ANO THE'=' ARE SUPERIMPOSED) 
10. 35 TYPE "X=5", #,II /II, ! ! ! ! ! 
X,.t5 

TAB C: J 
TAB OUTPUTS ENOUGH SPACES SO THAT THE NEXT CHARACTER WILL BE OUTPUT 
AT THE POSITION ON THE LINE INDICATED BY THE VALUE AFTER THE':'. 
TAB WILL HAVE NO EFFECT IF THE POSITION SPECIFIED HAS BEEN EXCEEDED. 
SEE WHAT THE':' DOES TO LINE 11. 37 FIRST WRITTEN THEN EXECUTED: 
11. 37 TYPE It NAME---" : 25, "ROGER" : 401 II AGE = ", 2•131 ! ! ! ! ! 
NAf'1E--- ROGER AGE = 26. 0090 

OUTPUT FORMATTER ["J 
SEE WHAT THE'"' DOES TO LINE 12.30 FIRST WRITTEN THEN EXECUTED: 
12.30 SET X=123. 456;TYPE ~6.04 x, !JTYPE ~ 4. 02 X, !;T?. 3. 0 x, !;T ~,x, ! 

123. 456 
123. 5 
124 
0. 1234560000E+03 

'?.4.02' PERMITS FOUR DIGITS TO BE OUTPUT INCLUDING UP TO TWO DECIMAL 
PLACES; 'TYPE Ye' ALONE GIVES POWERS-OF-TEN NOTATION. '~' DOES NOT 
CHANGE CALCULATION PRECISION; THAT IS DONE WITH THE INITIAL DIALOGUE. 

SYMBOL TABLE 
TYPE $ 

[$] 
<OUTPUTS THE LIST OF DEFINED VARIABLES NOT INCLUDING 

PROTECTED VARIABLES. BE SURE TO USE AN OUTPUT 
FORMAT <?.> THAT WILL NOT MASK PRECISION. SUB­
SCRIPTS OVER 99 WILL NOT OUTPUT ACCURATELY. > 

QUOTATION MARKS C"l 
WORDS MAY BE TYPED BY ENCLOSING THEM IN QUOTES. 
SEE WHAT THE 11 DOES TO LINE 14.65 FIRST WRITTEN THEN EXECUTED: 
14. 65 TYPE "THE ANSWER IS ", 3+8, ! ! ! ! ! 
THE ANSWER IS 1~.0000 
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PAGE 15 

TRACE t?l 
THE FIRST TIME FOCAL READS A '?' <EXCEPT WITHIN QUOTES) IT WILL 
START OUTPUTTING THE PROGRAM WHILE IT IS BEING EXECUTED. THE NEXT 
TIME IT MEETS A '?' IT WILL STOP OUTPUTTING THE PROGRAM. 
SEE WHAT THE "?' DOES TO LINE 15. 60 FIRST WRITTEN THEN EXECUTED: 
15.60 SET X=3;? SET Y=5;TYPE X/Y, !? 

SET Y=5;TYPE X/Y, 0. 6000! 
A " GO ?' COfl1MAND lo.I I LL CAUSE THE l~HOLE PROGRAM TO BE " TRACED' . 

AN ATTEMPT TO READ PAST A CTRL/2 END-OF-FILE CHARACTER WILL OUTPUT 
A '?' ON THE TERMINAL AND RESTORE THE TERMINAL AS THE INPUT DEVICE. 

POWERS-OF-TEN CE OR & J 
'E' MAY BE CHANGED TO '&' IN THE INITIAL DIALOGUE. 
SEE WHAT THE 'E' DOES TO LINE 6. 80 FIRST WRITTEN THEN EXECUTED: 
06.80 TYPE ~E1,7E3,1. 23E-2,3. 76E217, ! !! ! ! 

10. 0000 7000.00 0.0123 0. 376000E+218 

RUBOUT KEY 
WHEN WRITING A PROGRAM, ONE CHARACTER lo.IILL BE DELETED FROM THE CURRENT 
LINE WHEN THE RUBOUT KEY IS STRUCK; RUBOUT WILL ECHO AS A ''' --- THUS: 
"PLWEA\ \\EASE' BECOMES "PLEASE". 

CTRL/C <PRESSING 'CTRL" AND "C' AT THE SAME TIME> 
WILL RETURN USER TO THE PS/8 MONITOR WHEN FOCAL IS USING PS/8 
ROUTINES --- THE "LIBRARY EXIT" COMMAND IS PREFERRED FOR 
LEAVING PS/8 FOCAL,1971. CTRL/P IS THE BREAK CHARACTER. 

CTRL/G CBELLl <PRESSING "CTRL" AND "G' AT THE SAME TIME) 
USED WITH THE "MODIF~" COMMAND TO CHANGE THE SEARCH CHARACTER. 

CTRL/L <PRESSING ,..CTRL' AND ,..L, AT THE SAME TIME> 
USED WITH THE ,..MODIFY,.. COMMAND TO SKIP TO THE NEXT SEARCH CHARACTER. 

CTRL/P <PRESSING "CTRL" AND 'P' AT THE SAME TIME> 
IS PSIS FOCAL"S BREAK CHARACTER --- INTERRUPTS PROGRAM EXECUTION AND 
CAUSES FOCAL TO PRINT ITS"*"· 

CTRLIZ <PRESSING 'CTRL" AND "2' AT THE SAME TIME> 
IS THE LAST CHARACTER IN A PS/8 FOCAL DATA FILE. ATTEMPTS TO READ 
PAST THE END-OF-FILE WILL CAUSE A '?,.. TO BE TYPED ON THE TERMINAL AND 
WILL RESTORE THE TERMINAL AS THE INPUT DEVICE. 
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- LINE FEED 

-' 

i 
I 

USE WITH THE "MODIFY" COMMAND TO RETAIN REMAINDER OF MODIFIED LINE. 

KILL LINE C ~ l 
WHEN WRIT ING A PROGRAM1 " ·e DELETES EVERYTHING OVER TO LEFT MARGIN. 
IN RESPONSE TO "ASK" COMMAND1 "~" CANCELS THE NUMBER BEING ENTERED. 

RETURN KEY 
USED WITH THE "MODIFY" COMMAND TO DELETE REMAINDER OF MODIFIED LINE. 
"RETURN" IS A LEGAL SYMBOL FOR SEPARATING DATA BEING REQUESTED BY 
AN " ASK" COMMAND. 

ALT MODE KEY 
IN RESPONSE TO AN "ASK" COMMAND, ALT MODE CAUSES THE VARIABLE 
TO RETAIN ITS PREVIOUS VALUE. 

SPACE KEY 
IT IS A LEGAL SYMBOL FOR SEPARATING DATA REQUESTED BY AN "ASK". 

COMMA [, J 
IT IS A LEGAL SYl"1BOL FOR SEPARATING DATA IN "TYPE" AND "ASK" COMMANDS. 
SEE WHAT THE"," DOES TO LINE 26. 40 FIRST WRITTEN THEN EXECUTED: 
26.40 TYPE 2,3,5/6,1.2-3, !!!! 

2.000e 3.0000 0.0333 1.728. 00 

SEMICOLON C; J 
SEPARATES COMMANDS WHEN PLACED TOGETHER ON ONE LINE. 
SEE WHAT THE";" DOES TO LINE 27. 42 FIRST WRITTEN THEN EXECUTED: 
27. 42 SET X=1.7; TYPE 31fcX; SET X=3/7; TYPE " 11

, X+3, ! ! ! ! 
51. 0000 3.4286 
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FUNCTJ:ONS 

PAGE 17 

"""' FOR MOST FUNCTIONS, A SAMPLE LINE IS SHOWN AND THEN EXECUTED: 
'(A); REPRESENTS THE ARGUMENT OF THE FUNCTIONS 

NOTE: ARCTAN, LOG AND EXP FUNCTIONS ARE PRECISE TO LESS THAN 7 DIGITS. 
ARCTAN;S PRECISION IS MUCH REDUCED FOR ARGUMENTS NEAR ZERO. 
SINE AND COSINE ARE PRECISE TO ~0 DIGITS. 

FABS<A> ABSOLUTE VALUE 
~ EXAMPLE <WRITTEN THEN EXECUTED>: 

03. 40 TYPE FABS<-3>,FABS<2>, ! !! ! 
3. 0000 2. 0000 

FADC<A> ANALOG TO DIGITAL INPUT FUNCTION 
~ 0~.22 SET X=FADC<A>;TYPE ! !!! 

FATN<A> ARCTANGENT ARGUMENT RANGE: 0<A<10 .... 6 
05.25 TYPE FATN<:1.>, !!!!;COM: OUTPUTS RADIAN ANGLE WHOSE TANGENT= 1. 00 

0. 7854 

------- TANGENT 'FTAN<A>' IS NOT AVAILABLE 
TANGENT IS COMPUTED AS THE QUOTIENT <SINE/COSINE> 
05.55 TVPE FSIN<1>/FC05(:1.), ! !!!;COMMENT: OUTPUTS TANGENT OF :1. RADIAN 

:1.. 5574 

FCOS<A> COSINE ARGUMENT RANGE: -1itc:1.0'""4<:A<:10 .... 4 <RADIANS> 
06.27 TYPE FCOS<:1.>1FCOS<3/2), !! !!; COM: OUTPUTS COSINES OF :1. & :1.. 5 RADIANS 

0. 5~03 0. 0707 

FDIS<A> DISPLAY FUNCTION FOR DEC TYPE 34D DISPLAY 
EXAMPLE: 
07.20 SET DUMMY=FDIS<X,Y) 
WOULD CAUSE A POINT TO BE PLOTTED AT POSITION <X,Y> ON DISPLAY 

DISPLAY AND JOYSTICK FUNCTIONS FOR PS/8 FOCAL HAVE ALSO BEEN WRITTEN 
FOR THE TEKTRONIX T-4002 GRAPHICS TERMINAL. SEE PAGE 19. 

FEXP<A> EXPONENTIAL 
08.24 TYPE FEXP<:1.>,FEXP<2. :17), ! ! ! !; COM: NATURAL BASE TO THE POWER <A> 

2.7183 8. 7583 
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FITR<A> INTEGER 
09. 18 T'r'PE FITR<l/2) .. FITR<23. 71.9) .. FITR<-2. 9~) .. ! ! ! ! 

1..0000 23. 0000- 2. 0000 

PAGE 18 

WARNING: LACK OF PRECISION IN FOCAL .. 1969~5 FLOATING POINT PACKAGE 
MAY CAUSE FITR(A) TO PRODUCE ROUNDING ERRORS WITH NUMBERS OF 
MORE THAN FOUR OR FIVE DIGITS. YOU MAY PROGRAM AROUND THIS 
PROBLEM BY ADDING EMPIRICAL CONSTANTS TO THE FUNCTION ARGUMENT. 

FLOG<A) NATURAL LOGARITHM 
10.1.4 TYPE FLOG<1> .. FLOG<4. 237),FLOG<1.0> .. ! ! ! ! 

0. 0000 1.. 4439 2. 3026 

FRAN() RANDOM NUMBER 
1.:1.. 22 TYPE FRAN< ) , FRAN< ) , FRAN ( ) , FRAN< >, FRAN ( ) .. ! 

0. 5444 0. 7732 0. 3680 0. 8852 0. 8446 
THE PSEUDO-RANDOM NUMBERS PRODUCED ARE PART OF A VERY LONG AND WELL 
DISTRIBUTED BUT DETERMINISTIC SERIES. YOU WILL USUALLY OBSERVE AN 
ENTIREL'T' DIFFERENT SERIES EACH TIME FOCAL IS INITIALIZED. HOl.JEVER .. 
FRAN< ) DOES NOT GENERATE TRUL 't' RANDOM NUMBERS. 

FSGN<A> SIGN 
12. 34 T :Y.:l.. 0 FSGN(2. 78) .. II .... FSGN(-299), II .. , FSGN(0), II .... FSGN<-1> .. ! ! ! ! 

:1. -1. 0 ...:1 

FSIN<A> SINE ARGUMENT RANGE: -1*:l.0 ..... 4<A<1.0 ..... 4 
1152 TYPE FSIN<1>,FSIN<0>,FSIN<37-Z 22)1 ! ! ! ! 

0.84~5 0. 0000- 0. 2207 

FSQTCA) SQUARE ROOT OF A POSITIVE NUMBER 
~~.40 TYPE FSQT<4>,FSQT(39~),FSQT<. 0038953), ! ! !! 
~ 0000 1.9. 7737 0. 0624 

FIN<> CHARACTER INPUT FUNCTION 

<RADIANS) 

ASKS FOR A CHARACTER FROM THE TERf'1INAL <OR FILE); EXAMPLE: 
09. ~4 SET A:FIN<> 
SETS ~A" EQUAL TO THE DEC!r'1AL ASCII CODE OF THE CHARACTER INPUT. 

FOUT<A> CHARACTER OUTPUT FUNCTION 
09. 25 SET DUMMV=FOUT<A> 
OUTPUTS THE CHARACTER HHOSE DECIMAL ASCII CODE EQUALS "Ft". 

IF AN ~ L" WERE INPUT IN RESPONSE TO LINE 9. 1.4, "Ft' i.JOULD BE SET 
EQUAL TO 204. THEN LINE 9. 25 WOULD CAUSE AN ~L" TO BE OUTPUT. 
THE 'A" ON LINE 9. 25 IS A DUMM'T' VARIABLE. SEE DECIMAL ASCII CODES 
FOR FIN<> AND FOUT<A> ON PAGE 28. 



DXSPLAY AND JOYSTXCK FUNCTXONS 

FOR THE TEKTRONIX T-4002 GRAPHIC COMPUTER TERMINAL 

FDXS<x~x~Y> --- DXSPLAY 

COORDINATES: 0 <= x < 1024 0 <= y < 1.024 

I::a-1 
I= e 
I=+1 

PLOT A POINT AT <X,Y> 
DRAW A DARK VECTOR TO <X,Y> 
IF IN GRAPHICS MODE, DRAW A BRIGHT VECTOR TO 
<X,Y); OTHERWISE ENTER GRAPHICS MODE AND DRAW 
A DARK VECTOR TO < x, Y). 

FJOY<X> ------- JOYSTXCK 

FJOY<I> SETS VARIABLES XJ AND YJ EQUAL TO THE X AND Y 
LOCATIONAL ADDRESSES IN THE INTERACTIVE GRAPHICS UNIT. 

1=-1 SETS XJ AND YJ EQUAL TO LOCATIONAL ADDRESSES. 
I= 0 TURNS ON JOYSTICK. WAITS FOR KEYBOARD 

INPUT BEFORE READING CURSOR COORDH~ATES. 
I=+1 ASSUMES JOYSTICK PREVIOUSLY TURNED ON BY 

A FOUT<17); READS CURSOR IMMEDIATELY. 

1 
1.7 
24 
30 
31. 

GRAPHXCS FOUT<> CODES 

HOME 
TURNS ON JOYSTICK FOR FJOY<1.> APPLICATION 
ERASE SCREEN <REQUIRES . 5 SECOND DELAY) 
ENTER INCREMENTAL PLOT MODE 
LEAVE GRAPHICS MODE 

XNCREMENTAL PLOT MODE 

FOUT() CODES: 

DIRECTION 
BRIGHT POINT 
DARK POINT 

N NE E 
32 33 34 
40 4:1 42 

PROGRAM: 

SE S 
35 36 
43 44 

Sl-l l-l Nl-l 
37 38 39 
45 46 47 

"'" SKETCH"'" 

<FOLLOWS JOYSTICK ON DISPLAY> 

01.. 10 SET I=0;FOR K=0,.2,FOUT<24>;C ERASE AND PAUSE 
01. 20 SET DUMMY=FJOY<0>; C l·JAITS FOR A KEY TO BE HIT 
01.. 30 SET DUMMY=FDIS<0,XHOLD~YHOLD>+FDIS<I,XJ,YJ) 
01..40 SET XHOLD~XJ;SET YHOLD=YJ;SET I=:l.;GOTO 1. 2 

NOTE: THE VERSION OF PS/S FOCAL USING FDIS AND FJOY FOR THE 
TEKTRONIX T-4002 PROVDES :1.0~-20% FEl~ER VARIABLES. 

PAGE :1.9 
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M:ISCELLANEOUS 
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! EXPRESSIONS --- ARITHMETIC EXPRESSIONS INCLUDE ANY EVALUATABLE GROUP 

f'1"I 

! 
\ 

~ 

I 

OF NUMBERS OR VARIABLES SUCH AS: A7, 2+3*X OR 22/7 

HIGH SPEED PAPER TAPE READER CAN READ IN FOCAL PROGRAMS: 

1> TYPE 'OPEN . INPUT PTR:' 
2> AFTER ,~, IS TYPED OUT, HIT SPACE BAR TO READ TAPE 
3) AFTER '?' IS TYPED our, HIT 'CTRL/P' 

USING YOUR TERMINAL' 5 LOl·l SPEED READER,, YOU CAN INPUT PROGRAM TAPES 
BY FIRST TURNING OFF THE ECHO WITH 'OPEN INPUT TTY:'; READING IN THE 
TAPE; AND THEN TURN I t-m ON THE ECHO Lot I TH CTRLl"P OR ' OPEN INPUT TTY : / E" . 

THE FOLLOWING 3 LINE PROGRAM WILL ASK FOR .10 NUMBERS FROM THE READER: 

.10. 60 OPEN INPUT PTR: 
(PS/8 WILL NOW OUTPUT A ,,_,, ON THE TERMINAL AND WAIT FOR YOU 
TO SIGNIFY THAT THE TAPE IS LOADED BY HITTING THE SPACE BAR. ) 

.10.65 FOR X=.1,.10;ASK A<X> 

.10. 70 OPEN INPUT TTY:, ECHO; COMMENT --- RESTORES TERMINAL TO NORMAL 

HIGH SPEED PUNCH MAY BE USED TO PUNCH PROGRAM TAPES: 

.1) TYPE "OPEN INPUT TTY:; OPEN OUTPUT PTP:;W' 
2) THEN TYPE 'OUTPUT CLOSE; OPEN INPUT TTY:1E' 

LI NE NUMBERS --·- MAY RANGE FROM .1. 0.1 THROUGH 3:1.. 99 BUT DO NOT INCLUDE 
~ WHOLE NUMBERS. VARIABLES <OR ARITHMETIC EXPRESSIONS NOT STARTING WITH 

'A"> OF THE CORRECT VALUE MAY BE USED IN PLACE OF LINE NUMBER REFERENCES 
<EXAMPLE: 'GOTO X"). GROUP NUMBERS ARE INTEGERS FROM .1 THROUGH 3~ AND 
REFERENCE GROUPS OF LINES IN 'DO' 1 'WRITE·', AND 'ERASE' COMMANDS. 

r' MERGING PROGRAMS 'A' AND '8' IS DONE WITH A SERIES OF COMMANDS WHICH 
CONVERT 'A' INTO A PS/8 EDITOR COMPATIBLE DATA FILE AND THEN BRING IT 
IN 'ON TOP' OF PROGRAM 'B': 

c 
i 
i 

r 

~) LIBRARY CALL A 
2) OPEN INPUT TTY: 
3) OPEN OUTPUT A <STEPS 3-4 WILL NOT OUTPUT ON TERMINAL> 
4) OUTPUT CLOSE;OPEN INPUT TTY:, ECHO 
5) LIBRARY CALL B 
6> OPEN INPUT A <l-.IAIT FOR "?' ON TERMINAL; THEN HIT 'CTRL/P' > 
7> LIBRARY DELETE A. FD 

THE MERGED PROGRAM l.J I LL NOW BE IN YOUR PROGRAM BUFFER. 
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PRECISION --- IF 10 DIGIT PRECISION IS NOT RETAINED THROUGH THE INITIAL 
DIALOGUE, YOU WILL HAVE 20~ MORE VARIABLES BUT ONLY 6 DIGIT PRECISION. 

PIP ~- A PS/8 SYSTEM PROGRAM WHICH CAN LIST YOUR ENTIRE DEVICE 
DIRECTORY. TYPE 'R PIP' TO PS/S MONITOR THEN 'OEYICE:/L' TO LIST 
DIRECTORY. WHEN TRANSFERRING FOCAL PROGRAM FILES WITH PIP, BE SURE 
TO USE THE '/I' OPTION AS THEY ARE CORE IMAGE FILES --- NOT ASCII!!! 

PROGRAM NAMES -~- MAY HAYE UP TO SIX ALPHABETIC OR NUMERIC CHARACTERS. 
FOCAL ASSUMES '. FC' OR '.FD' EXTENSIONS FOR PROGRAM ANO DATA FILE NAMES. 

PROGRAM SIZE -~ WITH STANDARD FEATURES, PS/8 FOCAL PROGRAMS MAY BE 
7 BLOCKS LONG <ABOUT 3500 CHARACTERS>. IF FILES ARE DELETED THROUGH 
THE INITIAL DIALOGUE, 11 BLOCK PROGRAMS ARE POSSIBLE. 

PUSHDOWN LIST OVERFLOW --- WHEN A PROGRAM USES A '00' OR 'LIBRARY GOSUB' 
COMMAND; FOCAL RECORDS THE LOCATION IN ITS PUSHDOWN LIST SO THAT IT CAN 
'RETURN' TO THE NEXT COMMAND AFTER COMPLETING THE '00' SUBROUTINE. IF 
TOO MANY SUBROUTINES ARE REQUESTED, THE LIST WILL OVERFLOW. TO REMEDY 
THIS SITUATION, REDUCE THE NUMBER OF BLOCKS OR SUBROUTINES IN PROGRAM. 

STRINGS --- ARE ANY SERIES OF CHARACTERS SUCH AS: 

HELLO 
122.5 
$99.95 
NOW IS THE TIME FOR ALL GOOD MEN .... 
TEST34 

THE ABOVE STRINGS WERE TYPED BY SURROUNDING THEM WITH QUOTATION 
MARKS AS IN LINE 22. 25: 
22.25 TYPE II HELL0 11 ! 

STRINGS MAY ALSO· BE PRINTED OUT CHARACTER BY CHARACTER USING THE 
'FOUT<>' FUNCTION; INPUT OF STRINGS MAY BE HANDLED WITH THE 'FIN<>' 
FUNCTION. LIST THE INITIAL DIALOGUE FOR AN EXAMPLE. 

THE ASK COMMAND MAY BE USED TO INPUT AND COMPARE 6 OR 10 CHARACTER 
STRINGS <DEPENDING ON PRECISION RETAINED IN INITIAL DIALOGUE). IT 
IS BEST .TO RETAIN FEATURE '8' IN DIALOGUE WHEN USING THIS TECHNIQUE. 

22. 80 ASK "ANSWER YES OR NO? ",ANJCOMMENT 'YES OR NO' SUBROUTINE 
22.92 IF <AN-0YES)22. 84,22.86 
Z?.84 IF <AN-0N0>22.a,22. 88,22.8 
22.86 SET Xa2;RETURN 
22.88 SET X=:L;RETURN 

atcOO 22. 8 
ANSWER YES OR NO? YEP 
ANSWER YES OR NO? NOPE 
ANSWER YES OR NO? YES 

PROGRAM CONTROL WOULD THEN RETURN TO THE COMMAND FOLLOWING THE 
SUBROUTINE CALL <'DO' OR 'LIBRARY GOSUB') WITH X EQUAL TO 2. 
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VARJ:ABL.ES 

VARIABLES - SOME EXAMPLES INCLUDE: ~ x, z7, P2' AN, QU, Pl, NUMBER 
<ONLY THE FIRST TWO LETTERS WILL BE USED> -~ VARIABLES MAY NOT BEGIN 
WITH AN 'F' OR A DIGIT. 

SUBSCRIPTING --- VARIABLES MAY HAVE UNIQUE SUBSCRIPTS FROM -2848 
THROUGH 2&47 ALTHOUGH THE TOTAL NUMBER OF VARIABLES IS STILL LIMITED 
BY CHOICES MADE IN THE INITIAL DIALOGUE. NOTE THAT THE SYl1BOL TABLE 
WILL ONLY ACCURATELY OUTPUT SUBSCRIPTS BETWEEN e AND 99. 

PROTECTED VARIABLES --- '!"', '"'AND'•' CANNOT BE 'TYPED', 'ASKED' 
OR ZEROED WITH THE 'ERASE' COMMAND DIRECTLY BUT ARE OTHERWISE NORMAL 
VARIABLES AND MAY BE USED AS SUCH IN 'SET', 'IF', 'GOTO', 'FOR' AND 
OTHER COMMANDS. '*'' THE SYSTEM STATUS VARIABLE, IS 'SET' TO SPECIAL 
CODES BY THE INITIAL DIALOGUE. 

J:NJ:TJ:AL. DJ:AL.OGUE 

INITIAL DIALOGUE -- ASK FOCAL.'$ INITIAL DIAL.OOUE FOR 'HELP' WHICH WILL 
LIST OPTIONS OTHER THAN STANDARD FEATURES. BY NOT RETAINING FILES 
<FEATURE 14) PROGRAM SPACE IS INCREASED FROM ABOUT 3S98 CHARACTERS 
(7 BLOCKS> UP TO ABOUT ssaa CARACTES (1:1. BLOCKS>. IF FEATURES s 
ANO 6 ARE BOTH REQUESTED, 6 WILL BE IGNORED. 

THE SYSTEM STATUS VARIABLE, '#', LIKE'!' AND'"' CANNOT BE 'TYPED' 
'ASKED' OR 'ERASED' BUT IS OTHERWISE A NORMAL. VARIABLE. THE SYSTEM 
STATUS VARIABLE IS 'SET' TO THE PRODUCT OF THE CODES REPRESENTING 
FEATURES CHOSEN IN THE INITIAL DIALOGUE. 

FEATURE CODE 

----------------------------------- ---
'8' 
, :I.' 
'2' 
'3' 
'4' 
'S' 
'6' 
'7' 
'8' 
'9' 

NO OPTIONAL FEATURES................ :I. 
FSIN AND FCOS FUNCTIONS............. 2 
FSJN, FCOS, FLOG, FEXP AND FATN ..... 6 
EXTENDED PRECISION (10 DIGITS>...... 5 
FILE COMMANDS . . . . . . . . . . . . . . . . . . . . . . . 7 
LEADING SPACE IN 'TYPE' ........ ... . . :1.1 
'a' AUTOMATICALLY PRINTED BY 'TYPE' . 13 
':'AUTOMATICALLY PRINTED BY 'ASK'.. 17 
'&' IN POWERS-OF-TEN NOTATION....... -1 
FEATURES 2, 3, 4 . . . . . . . . . . . . . . . . . . . . . . 2:1.9 

'YES' STANDARD FEATURES 2,3,4,5 ........... 23:1.8 

~ THE NUMBER OF ORDINARY VARIABLES PERMITTED DEPENDS ON WHETHER EXTENDED 
PRECISION OR EXTENDED FUNCTIONS ARE RETAINED: 

i 
l 

r 
i 
l 

r 
NO EXTENDED 
FUNCTIONS 

6 DIGIT PRECISION: 222 
~ DIGIT PRECISION: 183 

FSIN & FCOS 
ONLY <1> 

:l.96 
163 

FSIN, FCOS, FLOG 
FLOG, & FE><P <2> -------------

118 
98 
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COMMAND EXECUTXON TXMES 

6 & 10 DIGIT PRECISION VERSIONS OF PS/6 FOCAL>1971 WERE USED TO TEST 
THE COMMAND EXECUTION TIMES IN MILLISECONDS ON A PDP-8 USING A TU55 
DECTAPE FOR INPUT AND HIGH SPEED TERMINAL FOR OUTPUT. TIMES INCREASE 
AS LINES ARE REFERENCED TOWARD THE END OF A PROGRAM AND VARIABLES ARE 
USED FROM THE END OF THE SYMBOL TABLE. 

COMMAND 6 DIG 10 DIG 

ASK X ............... 13. 42 
A X . . . . . . . . . . . . . . . . . 13. 08 
A X, X . . . . . . . . . . . . . . . 25. 69 
COMMENT ............. 1.. 50 
c . . . . . . . . . . . . . . . . . . . 0. 51 
DO~ 3 .............. 1~06 
D 1. 3 . . . . . . . . . . . . . . . 15. 91. 
FOR X=1.11; .......... 14. 9~ 
F X=1., 1.; . . . . . . . . . . . . 14. 60 
F X=1, 2; . . . . . . . . . . . . 18. 1.3 
F X=1,10; ........... 50. 27 
GO ~3 .............. 1~43 
G 1. 3 . . . . . . . . . . . . . . . 14. 27 
G Z . . . . . . . . . . . . . . . . . 9. 45 
IF <-1)1. 311. J,1. 3 .. 20. 87 
I <-1)1. 31:1.. 311. 3 ... 20. 69 
I <L>1.. 311.. 311. 3 16. 78 
I <1>-1. 3, 1. 3, 1. 3 . . . . 20. 47 
I <N>~ 3,1. 3,~ 3 .... 1a 04 
I <-1)2,Z,z ......... 1~ 85 
I <L>z,z,z .......... 11.93 
I (1)2, z, Z . . . . . . . . . . 1.5. 04 
I <N>Z, z, Z . . . . . . . . . . 12. 63 

·RETURN .............. 1. 42 
R . . . . . . . . . . . . . . . . . . . . 61 
S X=N . . . . . . . . . . . . . . . 4. 10 
S X=1·............... 6. 47 
S X=G . . . . . . . . . . . . . . . 4. 15 
S X=4 . . . . . . . . . . . . . . . 6. 35 
S X=1 +1 . . . . . . . . . . . . . 11. 67 
S X=H . . . . . . . . . . . . . . . 4. 16 
S X=444444 .......... 7.43 
S X=G+G . . . . . . . . . . . . . 6. 87 
S X=G+1 . . . . . . . . . . . . . 9. 35 
S X=1+1 ............. 11. 67 
S X=H+H ............. 6. 94 
S X=444444+H . . . . . . . . 10. 38 
S X=444444+444444 . . . 13. 69 
S X=G+G+G ........... 9. ?5 
S X=G+<G+G) ......... 11. 51 
S X=G-J ............. 26. 80 
S X=4-J ............. 2~ 15 
S X=4-10 ............ 31. 62 
S X=4-100 ........... 185. 37 
S X=H+H . . . . . . . . . . . . . 6. 94 
S XaG-G . . . . . . . . . . . . . 6. 91 

1.3. 57 
1.3. 09 
25. 96 

1. 50 
0. 5:1 

:1.8. 38 
18. 22 
15. 01 
1.4. 67 
18. 23 
50. 63 
16. 74 
16. 59 
10. 28 
23. 22 
23. 04 
19. 10 
22. 79 
20. 39 
16. 70 
:1.2. 77 
15. as 
13. 46 

1. 42 
. 61 

4. 1.:1 
6. 52 
4. 15 
6. 37 

1.1. 72 
4. 1.8 
7. 46 
6. 91. 
9. 39 

:11. 7:1. 
6. 97 

:10. 47 
13. 72 

9. 79 
11.. 59 
34. 47 
36. 82 
39. 29 

261.. 78 
6. 99 
6. 95 

COMMAND 6 DIG :10 DIG 

S X=H-H . . . . . . . . . . . . . 6. 98 
5 X=GittG . . . . . . . . . . . . . 7. 75 
S X=H*H . . . . . . . . . . . . . 8. 47 
S X=G/G . . . . . . . . . . . . . 8. 71. 
S X=HIH ............. 8. 76 
S X=444444/444444 ... :15. 48 
S X=444444/333333 ... 15.56 
5 X=1.E10/1.E-10 . . . . . . 50. :11 
S X=1E1.00/1E-100 .... 357.57 
S X=FABS() .......... 6. 09 
S X=FABS<G> ......... 7. 31 
S X=FABS<4) ......... 9.59 
S X=FABS<H) ......... 7. 35 
S X=FABS<444444) .... :1.0. 69 
S X=FSQT(G) ......... 22. 79 
S X=FSQT<4> . . . . . . . . . 25. 07 
S XcFSGH<G> . . . . . . . . . 8. 0:1. 
5 X=FITR<G> ......... 9. 29 
S x~FRAN<> .......... 7. 43 
5 X=FEXP<G> ......... 26. 50 
S X=FSIN<G> ......... 3:1.. 69 
5 X=FCOS<G> ......... 33.32 
5 X=FATH<G> ......... 25.09 
5 X=FLOG<G> ......... :14. 78 
S X=FIN<) . . . . . . . . . . . 6. 24 
S X=FIN<>+FIN<> ..... 1:1. 29 
S X=CTEH FIN<>'SJ ... 65.37 
S X=FOUT<K> ......... 9.:19 
S X=FOUT<1.80) ....... 1.1.91 
S X=FOUT<K>+FOUT<K> :17. 20 
S X=C10 FOUT<K>'SJ .. 82. 46 
TYPE . . . . . . . . . . . . . . . . 1. 1.9 
T................... . 71 
T ! . . . . . . . . . . . . . . . . . :1. 32 
Ttt ......•.......... 1..38 
T "4" . . . . . . . . . . . . . . . 1.. 46 
T" 444444 11 

••••••••• 138 
T " 444444" ! . . . . . . . . 4. 06 
T" 444444", ! ....... ~29 
T H . . . . . . . . . . . . . . . . . 16. 20 
T H, ! . . . . . . . . . . . . . . . 16. 87 
T 1.E25 . . . . . . . . . . . . • . 91.. 20 
T 0001E5/000:1.E5 ..... 33.27 
T 100000/:100000 . . . . . 18. 20 
T "C 20 SPACES l" ! . . . . 7. 76 
T : 20, ! . . . . . . . . . . . . . 1.1. 56 

7.02 
8. 55 
9. 98 

:1.0. 34 
10. 39 
1.7. :12 
1.7. 35 
79. 77 

657. 90 
6. :15 
7. 37 
9. 66 
7. 40 

10. 74 
3:1. 77 
34. 06 

7. 90 
9.34 
7. sa 

36. 56 
48. 29 
50. 06 
37. 10 
48. 25 

6. 30 
11.. 38 
65. 60 

9. 26 
11.. 98 
17. 29 
82. 88 

1. 19 
. 71 

1.. 34 
:1.. 38 
1.. 46 
3. 39 
4. 06 
4. 29 

26. 40 
27. 06 

163. 49 
43. 78 
20. 83 

7. 77 
u. 59 
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TECHNJ:CAL NOTES 

LOADING PS/S FOCAL~~~7~ 

PS,..'8 FOCAL, :1971. IS AVAILABLE IN THREE FORMS: 

:1) A PS/0 FORMAT FILE DECTAPE CONTAINING SAVED AND BINAR'r' FILES 
OF PSIS FOCAL AND THE 7 FILES NEEDED TO ASSEMBLE PS/8 FOCAL. 
THIS FORM IS RECOMMENDED FOR MULTIPLE DECTAPE INSTALLATIONS. 

2> A PS/8 S'r'STEM TAPE TO WHICH HAYE BEEN ADDED THE FILES NEEDED 
TO ASSEMBLE PS/S FOCAL. THIS FORM IS RECOMMENDED FOR SINGLE 
DECTAPE INSTALLATIONS. NOTE: USER MUST SEND OMSI A PS/8 
SYSTEM TAPE TO RECEIVE PS/8 FOCAL IN THIS FORM. 

3> EIGHT PAPER TAPES; A SINAR'r' TAPE OF PS/8 FOCAL AND 7 SOURCE 
TAPES. 

FORMS :1) AND 2 > ARE AVAILABLE l.J I TH DEMONSTRATIONS AND THE ·' HELP"' 
PACKAGE. 

TO LOAD Ps_.-·a FOCAL FROM DECTAPE, MOUNT THE TAPE ON DRIVE :1, THEN GIVE 
THE FOLLOWING COMMANDS: 

.ASSIGN DTA:1: DSK: 

. R PIP 
*SYS:PFOCAL. SV~PFOCAL. SVll 
*--c 

TO LOAD PS/8 FOCAL FROM PAPER TAPE, PLACE THE TAPE LABELED "'PFOCAL. BN"' 
IN THE TAPE READER AND GIVE THE FOLLOlo.IING COMMANDS: 

. R ABSLDR 
*PTR:=:10200$(ALT MODE> 
~ <TYPE A SPACE TO READ TAPE> 
. SAVE SYS: PFOCAL 

PS/8 FOCAL, :1.97:1 IS NOlo.1 SAVED ON THE SYSTEM DEVI~E FIND MAY BE RUN BV 
GIVING THE PS/8 COMMAND: 

. R PFOCAL 

( .~ PS/8 FOCAL" S INITIAL DIALOGUE WILL THEN ASK VOU IF YOU l.JISH TO RETAIN 
F" STANDARD FEATURES. T'r'PE "YES" OR REFER TO PAGE 22 OF THIS MANUAL. 
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BUXLDXNG PS/S FOCAL 

PS/8 FOCAL,:1.971 CAN BE BUILT FROM FOUR ASCII SOURCE FILES AND THREE 
BINARY FILES. THE NECESSARY FILES ARE: 

FOCDEF. PA DEFINITIONS OF CONSTANTS AND NElJ INSTRUCTIONS FROM 
FOCAL, :1.969. 

FOCOVR. PA ADDITIONS AND OVERLAYS TO FOCAL PROPER <NOW RESIDENT 
IN FIELD :1.). 

FOCINT.PA INITIAL DIALOGUE <MACHINE LANGUAGE PORTION). 

FOCLIB.PA LIBRARY AND FILE ROUTINES <RESIDENT IN FIELD 0). 

FOCAL. BN BINARY OF FOCAL, 1969. 

4WDMOD. BN FOUR-lJORD FLOATING POINT PATCHES. 

INITAL. BN INITIAL DIALOGUE <FOCAL PROGRAM THAT IS NOT REQUIRED 
IF INITIAL DIALOGUE IS NOT DESIRED>. THIS FILE WAS 
PRODUCED B'T' CREATING A FOCAL PROGRAM AND THEN PUNCHING 
THE PROGRAM AREA IN BINAR'T'. 

TO BUILD PS/8 FOCAL,:1.97:1., TRANSFER ALL THE NECESSARY FILES TO THE 'OSK:' 
AND GIVE THE FOLLOWING COMMANDS: 

. R PALS 
*PFOCAL~FOCDEF,FOCOVR,FOCINT,FOCLIB 
. R ABSLDR 
*FOCAL,4WDMOD,PFOCAL, INITAL/1=:1.0200$(ALT MODE) 
. SAVE SYS: PFOCAL 

<'FOCINT' AND 'INITAL; MAY BE OMITTED> 

'PFOCAL. SV' IS NOW SAVED ON THE S'T'STEM DEVICE. 

TO PREPARE VERSIONS PERMITTING THE USE OF DISPLAY AND JOYSTICK FUNCTIONS 
OF THE TEKTRONIX T-4002 GRAPHIC COMPUTER TERMINAL, INSERT FILE 'FDIS' 
<SERIAL INTERFACE 4804) OR "480:1.' <PARALLEL INTERFACE 480:1.) AFTER 
"FOCDEF' IN THE COMMAND STRING GIVEN TO PAL8. THE T-4002 VERSIONS 
PROVIDE 10-20~ FEWER VARIABLES. 
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CHANGING PS/8 FOCAL 

FOR ADD l TI ONAL INFORMATION.. YOU MA'T' CONSULT ·' ADVAt-,CED FOCAL TECHNICAL 
SPECIFICATIONS"' <ORDER NUMBER DEC-08-AJBB-DL FROM THE DEC PROGRAM 
LIBRARY, DIGITAL EQUIPMENT CORPORATION, MAYNARD.. MASSACHUSETTS>. 

NEARLY ALL USER PATCHES TO FOCAL .. :1969 CAN BE ADDED TO PS/8 FOCAL,~97:1. 
WI TH ONLY MI NOR ADAPTATIONS. SOME PO I NTS lo.IHI CH YOU MAY lJ I SH TO CHECK 
TO INSURE COMPATABILITY INCLUDE: 

:l.) SOME FOCAL INTERNAL SUBROUTINES AND POINTERS HAVE BEEN CHANGED 
<E.G. 'POPA' IS NOW A SUBROUTINE CALL>. PS/8 FOCAL ROUTINES WHICH 
PERFORM IDENTICAL FUNCTIONS ARE INCLUDED FOR ALL COMMONL'T' USED 

2) 

3) 

4) 

ROUTINES. 

IN MOST CASES .. THE 'HOLES,. IN FOCAL .. :1969 HAVE BEEN FILLED WITH 
PATCHES. A USER ROUTINE lo.IHICH USES THESE LOCATIONS MUST BE 
RELOCATED. THE VARIABLE SYMBOL TABLE AREA IS RECOMMENDED FOR 
THIS PURPOSE <CHANGE ,.STVAR" TO ALLOW FOR PATCHES). 

USER-DEFINED FUNCTIONS REQUIRE POINTERS IN "FNTABF' AND ·'FNTABL'. 
THE "'FX"' AND "FNElJ"' SLOTS HAVE BEEN FILLED !.-!ITH _..FIN,. AND "'FOUT". 
RECOMMENDED FUNCTIONS TO DELETE FOR EXTRA SLOTS ARE FDIS, FADC AND 
FRAN DEPENDING ON THE NEEDS OF YOUR INSTALLATION. 

FOCAL PROPER NOW RESIDES IN FIELD 1. <STARTING ADDRESS :1.0200). AN'T' 
PATCHES TO FOCAL MUST BE LOADED INTO FIELD :l. TO OVERLA'T' FOCAL. THE 
LIBRARY ROUTINES .. PUSHDOllfN STACK, AN!) TEXT STORAGE USE FIELD 0. 

THE FOCOVR. PA SOURCE FILE CONTAINS ALL PATCHES MADE BY PS~8 FOCAL TO 
FOCAL PROPER AND SHOULD BE EXAMINED TO INSURE THERE ARE NO CONFLICTS 
WI TH A USER PATCH. 

SOME TERMINALS HAVE "ESCAPE~ OR "'PREFIX~ IN PLACE OF "'ALT MODE". TO 
CAUSE PS/8 FOCAL TO RECOGNIZE THE NON-ALT MODE, FIRST SAVE IT ON THE 
SYSTEM DEVICE. THEN GIVE THE PS/8 MONITOR THE FOLLOWING COMMANDS: 

. GET SYS: PFOCAL 
• ODT 
:1.7002/0375 233 <ESCAPE) OR 376 <PREFIX) 
-c 
. SAVE SYS : >'~FOCAL 

IF PS/8 FOCAL IS TO BE USED IN THE PREPARATION OF NUMERICAL CONTROL 
TAPES, IT WILL BE NECESSARY TO MAKE A CHANGE SO THAT FOUT<:l.4:1.) WILL 

r>1 NOT AUTOMATICALLY OUTPUT BOTH A CARRIAGE RETURN AND LINE FEED. TO DO 
THIS FIRST SAVE PS/8 FOCAL ON THE SYSTEM DEVICE. THEN GIVE THE PSt"S 
MONITOR THE FOLLOWING COMMANDS: 

r 
r 
l 

rm 
I 

. GET SYS: PFOCAL 

. ODT 
:1754:1./4451. 4463 
'""C 
. SAVE S'T'S : NFOCAL 

CHARACTERS OUTPUT lJITH ; Four~ LJILL NOT CHANGE THE ... TAB" POSITION. 
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COMMANDS 

ELEMENTARY COMMANDS 

ASK 
COMMENT 
CONTINUE 
DO 
ERASE 
FOR 
GO 
GOTO 
IF 
MODIFY 
QUIT 
RETURN 
SET 
TYPE 
WRITE 

LIBRARY COMMANDS 
---------~---------

LIBRARY CALL 
LIBRARY DELETE 
LIBRARY GOSUB 
LIBRARY LIST 
LIBRARY RUN 
LIBRARY SAVE 
LIBRARY EXIT 

FILE COMMANDS 

OPEN INPUT 
OPEN OUTPUT 
OPEN RESTORE INPUT 
OPEN RESTORE OUTPUT 
OUTPUT CLOSE 
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J:NDEX FOR HELP 

SYMBOLS 

ARITHMETIC SYMBOLS 

- EXPONENTIATION 
* MULTIPLICATION 
I DIVISION 
+ ADDITION 
- SUBTRACTION 
() PARENTHESES 
[ l SQUARE BRACKETS 
<> ANGLE BRACKETS 

SPECIAL CHARACTERS 

RETURN/LINE FEED 
0 CARRIAGE RETURN 

TAB 
~ OUTPUT FORMATTER 
$ SYMBOL TABLE 
II QUOTATION j\1ARKS 
? TRACE 
E POWER-OF-TEN C&J 

RUBOUT KEY 
CTRL/C 
CTRL/G CBELLJ 
CTRL/L 
CTRLIP 
LINE FEED KEY 

~ KILL LINE 
RETURN KEY 
ALT MODE KEY 
SPACE KEY 
COMMA 

i SEMICOLON 

FUNCTXONS 

FASS< ) 
FADC< ) 
FATN< > 
FCOS< > 
FDIS< ) 
FEXP< > 
FITR< > 
FLOG< ) 
FRAN< > 
FSGN< > 
FSIN< > 
FSQT< ) 
FIN< ) 
FOUT< ) 

ABSOLUTE VALUE 
ANALOG-DIGITAL 
ARCTANGENT 
COSINE 
DISPLAY 
EXPONENTIAL 
INTEGER 
LOG <BASE E> 
RANDOM NUMBER 
SIGN PART 
SINE 
SQUARE ROOT 
CHARACTER INPUT 
CHARACTER OUTPUT 

M:XSCELLANEOUS -----------------
CHANGES FROM FOCAL,1969 
DEVICE NAMES 
DIRECT COMMANDS 
ERROR CODES 
EXPRESSIONS 
FILES 
HIGH SPEED READER 
INDIRECT COMMANDS 
INITIAL DIALOGUE 
LINE NUMBERS 
MERGING PROGRAMS 
NAMES OF FILES 
PRECISION 
PIP 
PUSHDOWN LIST OVERFLOW 
SAMPLE FILES PROGRAM 
SIZE OF PROGRAMS 
STRINGS 
SUBSCRIPTING 
SUMMARY OF COMMANDS 
TAB 
·VAR I ABLES 

THE HELP PACKAGE FOR PS/8 FOCAL,1971 PERMITS THE ON-LINE REVIEW OF ANY 
OF THE ABOVE WORDS, PHRASES OR SYMBOLS. HELP IS AVAILABLE ON A DECTAPE 
WHICH SHOULD BE MOUNTED ON DRIVE 11 HAVING BEEN ASSIGNED THE NAME 'OSK:'. 
'HELP' IS REQUESTED WITH THE 'L G HELP' COMMAND <"LET'S GET HELP 11 > WHILE 
THE USER IS WRITING A PS/8 FOCAL PROGRAM. HE WILL BE RETURNED TO HIS 
PROGRAM <SAVED RS 'FOCAL. TM') WHEN HE HAS HAD ENOUGH 'HELP'. 
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DECXMAL ASCXX CODES 

FOR FXN<> AND FOUT<> 

CODE CHARACTER 

:128 CTRL/SHFT/P 
<LEADER> 

:129 CTRL/A 
1.30 CTRL/B 
:13:1 CTRL/C 
:132 CTRL/D 
:133 CTRL/E 
:134 CTRL/F 
:135 CTRL/G <BELL) 
:136 CTRL/H 
:137 CTRL/I 
:138 LINE FEED 
:139 CTRL/K 
:140 CTRL/L 
:14:1 CARRIAGE RETURN 
1.42 CTRL/N 
:143 CTRL/O 
1.44 CTRL/P 
1.45 CTRL/Q 
:146 CTRL/R 
1.47 CTRL/S 
1.48 CTRL/T 
1.49 CTRL/U 
1.50 CTRLIV 
1.51. CTRL/W 
1.52 CTRLIX 
:153 CTRL/Y 
:154 CTRL/Z 
:155 CTRL/SHFT/K 
:156 CTRL/SHFT/L 
:157 CTRLISHFT/M 
:158 CTRLISHFTIN 
:159 CTRLISHFT/O 

CODE CHARACTER 

:160 SPACE 
:161. 
:162 II 

:163 • 
:164 $ 
:165 % 
:166 & 
:167 " 
:168 ( 
:169 ) 
1.70 * 
:171. + 
:172 J 

:173 -
:174 . 
175 / 
:176 0 
:177 :1 
:178 2 
:179 3 
180 4 
18:1 5 
182 6 
:183 7 
1.84 8 
j,85 9 
j,86 
:1.87 ; 
188 < 
:189 = 
:1.90 > 
19:1 '? 
:192 @ 

CODE CHARACTER 

193 A 
:194 B 
:195 c 
196 D 
197 E 
198 F 
:199 G 
200 H 
201. I 
202 J 
203 K 
204 L 
205 M 
206 N 
207 0 
208 p 
209 Q 
2j,0 R 
2:11 s 
2:12 T 
2:13 u 
2:14 v 
2:15 l-1 
2:16 x 
217 y 
218 z 
219 [ 
220 ' 
22:1 l 
222 .... 
223 ~ 
253 ALT MODE 
255 RUBOUT 

FOUT<:14:1) l.JILL OUTPUT A RETURN."°LINEFEED; FOUT<13) WILL 
OUTPUT A CARRIAGE RETURN ONLY. CODE j,44 <CTRL/P) IS 
PSIS FOCAL'S BREAK CHARACTER. 224 THROUGH 250 ARE 
LOWER-CASE LETTERS ON SOME TERMINALS. MANY TERMINALS 
USE SHIFT/K, /L, AND IM FOR'[', ''-.', AND' J'. 

CODES 0 THROUGH :127 ARE SIMILAR TO :128-255 EXCEPT THAT 
THE HIGH ORDER BIT OF ITS BINARY REPRESENTATION IS 
EQUAL TO ZERO. 
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PS._....8 FOCAL.- :1..97:1. 

SUMMARY OF COMMANDS 

*** ELEMENTARY COMMANDS: 

*ASK X .............................. ACCEPT VALUE OF X FROM INPUT DEVICE 
*COMMENT ............................................ IGNORE REST OF LINE 
*CONTINUE ................................................. DUMMY COMMAND 
*DO CLINE OR GROUP NUMBERl .............................. SUBROUTINE CALL 
*ERASE ................................................... ZERO VARIABLES 
*ERASE <LINE OR GROUP NUMBER> ...................... DELETE LINE OR GROUP 
*ERASE ALL ............................... DELETE ENTIRE INDIRECT PROGRAM 
*FOR X=E~C>E2~E3;CCOMMANDl ......... COMMAND REPEATED <E3-E1>~E2+1 TIMES 
*GO ............................... START PROGRAM EXECUTION AT FIRST LINE 
*GOTO <Li> ............................ SEND PROGRAM EXECUTION TO LINE Li 
*IF <Ei>L1C > L2> L3 l; ..... -> 0, OR + VALUE OF E1 GIVES NE:o<T LINE EXECUTED 
*MODIFY Li ................................................. EDIT LINE Li 
*QUIT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ...... STOP EXE CUT I ON 
*RETURN .................. TERMINATE A ;DO; OR ;LIBRARY GOSUB; SUBROUTINE 
*SET X=<NUMBER, VARIABLE OR EXPRESSION> ........ ASSIGN VALUE TO VARIABLE 
*TYPE C NUMBERS, VAR I ABLES, E~~PRESS IONS> TEXT IN QUOTES, ! , #, : , :f OR % l 
*l'1R I TE C GROUP OR LI NE NUMBER l . . . . . . . . . . . . . . . . . . . . . . . . . . . ... LI ST PROGRAM 

~ *** LIBRARY COMMANDS: 

*LIBRARY CALL CDEVICE: l<PROGRAM NAME:> ................ LOAD SAVED PROGRAM 
*LIBRARY DELETE CDEVICE: l<PROGRAM NAME> .................. UNSAVE PROGRAM 
*LIBRARY GOSUB CDEVJCE: l<PROGRAM NAME> CGROUP OR LINE NUMBER] ...... ;DO; 
*LIBRARY LIST CDEVICE: JC FIRST FILE TO BE LISTEDl ................ CATALOG 
*LIBRARY RUN CDEVICE: l<PROGRAM NAME:> CLINE NUMBERl ................ CHAIN 
*LIBRARY SAVE CDEVICE: ](PROGRAM NAME> ...................... SAVE PROGRAM 
*LIBRARY EXIT .................................... RETURN TO PS~S MONITOR 

*** FILE COMMANDS: 

*OPEN INPUT CDEVICE: lCFILE NAMEJC,ECHOJ ............ PREPARE TO READ FILE 
*OPEN OUTPUT CDEVICE: JCFILE NAMEJLECHOJ .......... PREPARE TO WRITE FILE 
*OPEN RESTORE INPUTC,ECHOl ....................... RESUME INPUT FROM FILE 
*OPEN RESTORE OUTPUTC,ECHOl ....................... RESUME OUTPUT TO FILE 
*OUTPUT CLOSE ........................ OUTPUTS BUFFER; CLOSES OUTPUT FILE 

---INPUT---, ECHO ....................... INPUT IS ECHOED ON OUTPUT DEVICE 
~ ---OUTPUT---, ECHO .......................... OUTPUT IS ECHOED ON TERMINAL 

*** GENERAL FORM: 

<::> ENCLOSE REQUIRED TERMS AND C l ENCLOSE OPTIONAL TERMS. 
X IS A VARIABLE. E1, E2 AND E3 ARE ARITHMETIC EXPRESSIONS. 
Li, L2, AND L3 ARE LINE NUMBERS. LINE AND GROUP NUMBERS MAY 
BE REPLACED BY ANY EXPRESSION NOT BEGINNING WITH THE LETTER ;A; . 
. FC AND . FD ARE ASSUMED PROGRAM AND DATA FI LE NAME E: .... TENS IONS. 

FOLLOW COMMANDS l.JITH A SPACE; ONE LETTER ABBREVIATIONS PERMITTED. 

f CTRL._....P IS PS/8 FOCAL; S BREAK CHARACTER 



PS~S FOCAL~~97~ ERROR CODES 
---- ---------- ----- -----
ERROR CODES VALID ONLY FOR 6/:1/7:1 VERSION OF PS/8 FOCAL 

CODE EXPLANATION 

?00. 00 
?01.. 00 
?01.. 40 
?01.. 91. 
?01.. ; 3 
?02. 32 
?02. 52 
?03. 05 
?03. 28 
?04. 39 
?04. 52 
?04. 60 
?04. :3 
?05. 48 
?06. 06 
?06. 54 
?07. 38 
?07. :9 
?07. ;6 
?08. 47 
?09. 1.:1 
?1.0. : 5 
?1.:1. 35 
?:15. 28 
?1.S. ; 1. 
?20. 34 
?22. 23 
?22. 5:1 
?23. 05 
?23. 1.S 
?23. 36 
?23. 39 
?24. 60 
?25. 37 
?26. 1.8 
?26. 58 
?26. 99 
?27. 1.0 
?27. 1.4 
?28. 06 
?28. 73 
?29. 53 
?29. 68 
?29. 9:1 
?30. 05 
?31.. <7 
? 

NOTE: 

MANUAL START FROM CONSOLE 
BREAK FROM KEYBOARD VIA -'CTRL/P-' 
BAD LINE NUMBER 
GROUP NUMBER LARGER THAN 31. 
ZERO IS ILLEGAL LINE NUMBER 
-'DCY REFERENCED NON-EXISTENT GROUP 
-'00-' REFERENCED NON-EXISTENT LINE 
NON-EXISTENT LINE AFTER -'GOTO-' OR -'IF-' 
ILLEGAL COMMAND 
BAD VARIABLE IN -'FOR-' OR 'SET-' COMMAND 
EXCESS RIGHT TERMINATORS 
ILLEGAL TERMINATOR IN -'FOR-' OR -'SET-' COMMAND 
MISSING ARGUMENT IN DISPLAY FUNCTION 
BAD ARGUMENT IN 'MODIF'r'·' COMMAND 
ILLEGAL USE OF A FUNCTION OR NUMBER 
TOO MANY VARIABLES 
NO OPERATOR BEFORE PARENTHESIS 
FUNCTION ARGUMENT MISSING 
ILLEGAL FUNCTION OR DOUBLE OPERATORS 
ENCLOSURES DO NOT MATCH 
BAD ARGUMENT IN -'ERASE-' COMMAND 
STORAGE FILLED BY TEXT 
INPUT BUFFER OVERFLOW 
BAD RESTORE COMMAND 
ATTEMPT TO WRITE PAST END-OF-FILE 
LOGARITHM OF ZERO REQUESTED 
NO OUTPUT FILE TO RESTORE 
BAD FILES -'OPEN-' COMMAND 
DATA FILE NOT FOUND 
NO INPUT FILE TO RESTORE 
TOO MANY DIGITS ·IN NUMBER 
PUSHDOl·JN OVERFLOl.J; PROGRAM TOO LONG 
TWO PERIODS IN FILE NAME OR HO NAME 
BAD DEVICE OR 2 PAGE HANDLER 
BAD LIBRARY COMMAND 
NO PROGRAM NAMED BY -'SAVE' COMMAND 
EXPONENT TOO LARGE OR NEGATIVE 
PROGRAM NOT FOUND 
-'LIBRARY CALL-' FROM NON-DIRECTORY DEVICE 
-'LIBRARY LIST-' OF NON-DIRECTORY DEVICE 
DIVISION B'r' ZERO 
FILE ALREADY DELETED 
DEVICE ERROR: WRITE LOCK OR PARITY 
CANNOT OPEN OUTPUT FILE 
IMAGINARY SQUARE ROOTS REQUIRED 
UNAVAILABLE COMMAND OR FUNCTION 
ATTEMPT TO READ PAST END-OF-FILE <INPUT IS 
SWITCHED TO TERMINAL AND PROGRAM CONTINUES) 

TYPE =1 TYPE ), TYPE J, OR TYPE ) OUTPUTS A STRING 
OF ZEROES. THIS CAN BE STOPPED BY HITTING -'CTRL/P-'. 

SHOULD YOU EXPERIENCE A PS.-1 8 MONITOR ERROR SUCH AS 
ATTEMPTING TO WRITE ON AN UNSELECTED DEVICE, IT IS 
BEST TO RE-ENTER FOCAL THROUGH THE INITIAL DIALOGUE. 
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