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JLOAD 46 LESSON1
SAVED 18.14,30 10/06/75

LESSON 1

THIS IS THE FIRST OF 23 MODULES DESIGNED TO TEACH
APL\370 PROGRAMMING.

4LL MODULES BEGIN BY EXECUTING: START
AND ALL CONTAIN A "DESCRIBE" VARIABLE.

START
COPYRIGHT 1975, IBM CORPORATION,

APL\370 - THE SYSTEM/370 IMPLEMENTATION OF 4 PROGRAMMING LANGUAGE.
GOOD AFTERNQOON!

THIS FIRST LESSON HAS THREE PURPOSES:

1. TO TELL YOU WHAT THE COURSE IS ABOUT.
2, TO INTRODUCE YOU TO APL\370,
3. T0 LET YOU PRACTICE USING A TERMINAL.

THIS COURSE IS DESIGNED TO TEACH YOU HOW TO USE APL.
HOWEVER, IT CANNOT TEACH YOU EVERYTHING ABOUT IT, SO
YOU ARE ENCOURAGED TO READ WHATEVER YOU CAN OBTAIN
IN THE WAY OF PUBLICATIONS ON THE SUBJECT; TO ASK
QUESTIONS OF ANYONE MORE EXPERIENCED; AND TO
EXPERIMENT WITH APL\370.

THERE ARE 23 LESSONS IN ALL - 21 TUTORIAL, AND 2 TESTS,
SOME OF THE LESSONS ARE PRIMARILY OF INTEREST TO THE

MATHEMATICS STUDENT, AND ARE INDICATED BY AN M SUFFIX
TO0 THE LESSON NUMBER THE LESSONS ARE NUMBERED SEQUENTIALLY,
AND SHOULD BE TAKEN IN ORDER.

APL\370 IS A MARRIAGE BETWEEN A PROGRAMMING LANGUAGE (APL) AND A
COMPUTING SYSTEM (IBM SYSTEM/370).

APL IS THE LANGUAGE YOU WILL LEARN TO USE IN THIS COURSE.

THE COMPUTER YOU'RE USING IS ALSO SERVING O
OTHER USERS AT THIS TIME.

PLEASE TYPE IN YOUR NAME - I DON'T CARE HOW
YOU PUNCTUATE OR SPELL IT:

WHMJ

THANK YOU.

YOUR NAME IS “WHMJ" AND YOUR USER ID
(SIGN-ON NUKBER) IS "o,

WHAT YOU JUST DID WAS TO COMMUNICATE WITH A



COMPUTER - SPECIFICALLY: ONE WHICH IS USING
APL\370!

YOU'VE BEEN USIKNG THIS SYSTEM NOW FOR 108.593 SECONDS.

HOWEVER, DURING THAT PERIOD, YOU'VE USED ONLY 0,117 SECONDS
OF COMPUTER TIME (SOMETIMES CALLED “CPU TIME™).

THE REASON FOR THE DIFFERENCE IS THAT THE RESOURCES
OF THE COMPUTER ARE BEING SHARED AMONG THE 1 USERS WHO ARE ON oW,

' FOR THIS REASON, APL\370 IS CALLED A "TIME-SHARING" SYSTEM.

AN APL SYSTEM HAS A VERY SIMPLE STRUCTURE FROM A USER'S VIEWPOINT -
ACIIVELY WHEN INTERFACING WITH IT OCCURS IN WHAT IS CALLED AN

ACTIVE WORKSPACE

WHICH IS NOTHING MORE THAN A PART OF THE COMPUTER'S MEMORY SET
ASIDE FOR YOQUR USE,

‘ WE SHALL NOW USE THE ACTIVE WORKSPACE ( “WORKSPACE" IS USUALLY SHORTE
ro'ws')AS A DESK CALCULATOR. SUPPOSE WE WANTED THE SUM OF TWO NUMBERS, SA
51234 ALL WE'D HAVE TO ENTER WOULD BE:

5+23
AND THE SYSTEM WOULD RESPOND WITH THE EVALUATION THUS:
28
THIS IS VALID FOR OTHER ARITHMETIC FUNCTIONS, svcy AS X, &, ABD -,
IN APL, SYMBOLS LIKE THESE ARE CALLED:

PRIMITIVE FUNCTIONS

IT IS IMPORTANT TO REMEMBER THAT WHILE 3+5=5+43=8 OR 3x5=5x3=15
(I.E., THE ORDER DOESN'T MATTER), 3%5 IS DIFFERENT FROM 5%+3, AND 3-5
DIFFERENT RESULT FROM 5-3. THE RULE HERE IS:

89-34 MEANS SUBTRACT 34 FROM 89, YIELDING 55
AND: 72%8 MEANS DIVIDE 72 BY 8, YIELDING 9
HAVE YOU GOT THAT?
YES

BEFORE YOU TRY WRITING SOME APL EXPRESSIONS, I'D
LIKE TO DISCUSS APL'S EVALUATION OF ARITHMETIC

EXPRESSIONS INVOLVING 0 (ZERO), SINCE THIS MAY BE
DIFFERENT FROM WHAT YOU LEARNED IN SCHOOL. ,

IF "N" IS ANY VALUE EXCEPT O, THEN:

0-N = -N

N-0 =N

O+N = N
-02-~ N+0O = N

b4
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ON
N%0

0
(AN ERROR MESSAGE - THIS IS NOT ALLOWED IN APL)

NOW FOR YOUR PROBLEMS.....

I'M GOING TO PRINT SIMPLE ARITHMETIC STATEMENTS IN PLAIN
ENGLISH, LIKE THIS:

“THE PRODUCT OF 4 AND 6

AND I WANT YOU TO ENTER AN APL EXPRESSION'WHICH MEANS WHAT
I PRINTED, FOROEXAMPLE:

THE QUOTIENT OF 85 AND 3.67
85¢3.67
YOU MAY ENTER ANY OF THESE WHEN YOU SEE THE "0 SYMBOL:
1. AN APL EXPRESSION REPRESENTING MY STATEMENT
2. HELP -- IF YOU CAN'T DO IT
3, STOP -- IF YOU'VE HAD ENOUGH, AND WE'LL
CONTINUE WITH INSTRUCTION.

LET'S GOovowos

THE DIFFERENCE OF 53 AND 26

O:
53-26

CORRECT!

THE SUM OF 10 AND 4

0:
10+4

GooD! |
THE PRODUCT OF 7 AND 9

Us
7x9

RIGHT!
THE QUOTIENT OF 4 AND 2

O
4+2

CORRECT? _
THE DIFFERENCE OF 256 AND 39

Us
STOP

HAD ENOUGH, EH? OK, THEN,
LET'S CONTINUE WITH INSTRUCTION.



1=04-

THIS TYPE OF EXPRESSION IS CALLED A
DYAD

BECAUSE IT HAS TWO (2) ARGUMENTS (THE DATA)
AND ONE (1) FUNCTION (OPERATION).

HERE'S AN EXAMPLE OF AN ARITHMETIC DYAD:

5+23

ENTER THE FUNCTION IN THE ABOVE EXPRESSION:

+

CORRECT!

LET' DISCUSS TYPING ERRORS.eeess

EVERYONE MAKES MISTAKES FROM TIME TO TIME, ESPECIALLY
WHEN USING A TERMINAL WITH WHAT MAY BE AN UNFAMILIAR
KEYBOARD LAYOUT (APL, FOR EXAMPLE).

IT FOLLOWS, THEN, THAT THERE MUST BE SOME ERROR
CORRECTION PROCEDURES AVAILABLE, AND, INDEED, THERE
ARE, ' , '

HOWEVER, THEY WORK ONLY IF YOU REALIZE YOU'VE MADE AN
ERROR BEFQRE YOU HIT THE RETURN KEY; ONCE IT'S BEEN
PRESSED, IT'S TOO LATE TO PREVENT WHAT YOU TYPED IN
BEING TRANSMITTED TO THE COMPUTER.

ALSO, THESE PROCEDURES WILL DIFFER ACCORDING TO THE
TYPE OF TERMINAL IN USE (1050, 2741, 3767, COMMUNICATING
MAGNETIC CARD TYPEWRITER, SCREEN, ETC.).

NOULD YOU PLEASE ENTEFR THE TYPE NUMBER OF THE TERMINAL
YOU ARE USING (E.G., 3767):
H

2741

THANKS .

WHEN YOU REALIZE YOU'VE MADE AN ERROR:

1. BACKSPACE TO THE POINT OF ERROR

2, PRESS THE XEY MARKED: ATTN _
3. TYPE THE REMAINDER OF THE LINE CORRECTLY.

WHAT HAPPENS IS THAT APL KEEPS TRACK OF WHERE YOU ARE IN THE

LINE, AND WHEN YOU INDICATE THAT YOU WISH TO CORRECT SOME OF
THE INPUT, IT AUTOMATICALLY ERASES FROM MEMORY EVERYTHING TO
THE RIGHT OF, AND INCLUDING, THE POINT OF ERROR.

WITH YOUR HELP, I'LL SIMULATE HOW THIS WORKS.
I'M GOING TO TYPE THE SENTENCE: -

THE QUICK BROWN FOX JUMPED OVER THE LAZY DOG.



"BATKSPACE TO THE ERROR, AND THEN - THAT'S WHERE
YOU COME IN!

WHENEVER YOU SEE THE TYPE HEAD WIGGLE LIKE THIS:
MOVE THE PAPER UP ONE LINE.

OK! HERE GOES...voe.

THE QUICK BROWN FOX GUMPED 0V
v
JUMPED OVER THE LAZY DOG.

IF YOU ROLLED THE PAPER UP AT THE CORRECT TIME,
THE RESULT SHOULD LOOK LIKE THIS:

THE QUICK BROWN FOX GUMPED 0OV
: v

JMPED OVER THE LAZY DOG.

LET'S TRY IT ONCE AGAIN:
THE QUICK BROWN FOX JOPPED
v

UMPED OVER THE LAZY DOG.
NOW YOU PRACTICE IT FOR AWHILE.

YOU TYPE -- BUT MAKE SOME bRRORS AND CORRECT THEM. I'LL TYPE BACK
TO YOU WHAT I RECEIVE HERE ON THE OTHER END OF THE LINE. TYPE:

READY

WHEN YOU WANT TO CONTINUE WITH INSTRUCTION.

DIT IS WEL EFEN STUMP
v

OMPZINNIGE TAST
v
ESTY
I SEE: DIT IS WEL EEN STOMPZINNIGE TEST!
READY

I'M FLEXIBLE IN THE MANNER IN WHICH I'LL ACCEPT DATA.

IF YOU VANTED, YOU COULD ENTER:
3+7x8+2

LIKE THIS:

105« 347%x8%2
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TYPE: READY
WHEN YOU WANT TO CONTINUE WITH INSTRUCTION,
4+5x3-8

I SEE: 4+5x3-8
READY

S0, WE CAN DEDUCE THIS GENERAL RULE:

WHAT YOU SEE IS WHAT YOU SEND!

THERE ARE CERTAIN CONDITIONS UNDER WHICH EXECUTION OF THE
PROGRAMMED COURSE OF INSTRUCTION MAY BE INTERRUPTED --

1--'PUBLIC ADDRESS' MESSAGES FROM THE APL OPERATOR
2--'STATIC' OR NOISE ON THE TELEPHONE LINES

3--PREVIOQUSLY UNDETECTED 'BUGS' IN THE PROGRAM PRESENTING
THE COURSE.

YOUR REACTION TO ALL THREE INTERRUPTIONS IS CONSISTENT; HOWEVER,
IN CASE THREE, RECOVERY CAN NOT BE GUARANTEED. IN CASE YOU ARE
NOT SUCCESSFUL IN RECOVERING, CALL YOUR ADVISOR.

IN EACH CASE, INTERRUPTION “WILL BE INDICATED BY A MESSAGE,
FOLLOWED BY AN INDICATOR.

FOR EXAMPLE, A PUBLIC ADDRESS INTERRUPTION YIELDS THIS:

PAl: APL WILL BE UP TOMORROW.
FNAL23] '

THE GECOND LINE IS THE ONE IMPORTANT FOR RECOVERY. IN THIS
EXAMPLE, TO RECOVER YOU TYPE: =+23.

IN GENERAL, YOU SHOULD TYPE ~+N (YOU SHOULD SUBSTITUTE FOR N
WHATEVER NUMBER APPEARS IN THE SQUARE BRACKETS).

OTHER INTERRUPTION TYPES LOOK LIKE:

(ERROR MESSAGE)
PGMB(86]

OR JUST:

PFCl10]

LET'S TRY IT A FEW TIMES. I'LL SIMULATE AN INTERRUPTION; YOU
RECOVER. TYPE: READY ’

WHEN YOU WISH TO CONTINUE WITH INSTRUCTION.
RANK ERROR

Fr[1]

+1

GOOD!

HERE'S ANOTHER:

RANK ERROR



»+1

GoobD!
HERE'S ANOTHER:

SYNTAX ERROR
RESUMELS]
RAE

v

v
EADY

AS YOU SAW EARLIER, APL\S?O CAN BE USED AS A DESK CALCULATOR.
HOWEVER, THERE IS FAR MORE TO APL THAN JUST THAT!

RECALL THAT EVERYTHING YOU DO WHEN YOU INTERFACE WITH AN APL SYSTEM
OCCURS IN YOUR ______ WS.

WHAT IS THE MISSING WORD IN THE ABOVE SENTENCE?

ACTIVE

CORRECT!

IT IS CONCEIVABLE THAT WE MIGHT RUN OUT OF SPACE IN AN ACTIVE WORKSPA:«
OR, THAT WE MIGHT WISH TO SAVE SOME PROGRAMS (CALLED "FUNCTIONS IN Ai

OR SOME DATA (CALLED “"VARIABLES") FOR LATER USE. THUS, WE SHALL NEE.
SOME KIND OF STORAGE FACILITY IN OUR SYSTEM. '

APL DOES, INDEED, PROVIDE US WITH A STORAGE FACILITY!
IT IS CALLED A LIBRARY BECAUSE ITS OPERATION IS ANALOGOUS TO THAT OF .
'A LIBRARY OF BOOKS.

IN AN APL SYSTEM, THE SYSTEM ITSELF IS THE LIBRARIAK, WORKSPACES NOT
IN USE ARE STORED IN ITS LIBRARY, AND THE “BOOK" YOU HAVE AT THE MOMEi
IS YOUR ACTIVE KWS.
SUBSCRIBERS ARE ASSIGNED A QUOTA OF LIBRARY WORKSPACES, AND, IN '
swWE SHALL ASSUME THAT OUR QUOTA IS 2.

IN ADDITION TO A QUOTA, EACH SUBSCRIBER HAS A SPECIAL WS CALLED
“€WHOSE NAME CANNOT BE CHANGED IT HAS SOME SPECIAL USES, AS WE SHALL ;

DIScUss LATER.

NOW, IF WE HAVE A LIBRARY, WE MUST HAVE A MEANS OF ACCESSING AND STOR.

THINGS IN IT. TO ACCOMPLISH THIS, APL HAS SEVERAL §l§2£ﬂ COMMANDS , W.
# ARE EASY TO DISTINGUISH, BECAUSE THEY ALL START WITH:

(A RIGHT PARENTHESIS).

IN THE NEXT MODULE, WE SHALL BE DISCUSSING SOME OF THESE SYSTEM COMMAI
AND RERE IS A LIST OF THOSE WE SHALL LOOK AT, AND WHAT THEY DO:

CONMAND PURPOSE |
YLOAD LOADS A WS FROM A LIBRARY INTO YOUR ACTIVE WS.

JCOPY COPIES ALL (OR PART) OF A LIBRARY WS INTO YOUR ACTIV.
YFNS LISTS ALL THE FUNCTIONS IN YOUR ACTIVE WS.

YVARS LISTS ALL THE VARIABLES IN YOUR ACTIVE WS.

YWSID DISPLAYS OR CHANGES THE NAME OF YOUR ACTIVE WS.

JOFF u SIGNS YOU OFF THE SYSTEM.



)OFF HOLD SIGNS YOU OFF, BUT HOLDS THE LINE OPEN FOR 60 SECOND:
s¢ THAT YOU CAN SIGN ON AGAIN WITH A DIFFERENT NUMBER.

)SAVE STORES THE ACTIVE WS INTO A LIBRARY.

)DROP DISCARDS A WS FROM A LIBRARY. " "

JCONTINUE CHANGES THE NAME OF YOUR ACTIVE WS TO CONTINUE , &
SAVeS 174 THEN SIGNS YOU OFF THE SYSTEM.

JCLEAR "CLEARS YOUR ACTIVE WS OF ALL FUNCTIONS AND VARIABLES
AND THAT'S IT FOR THE FIRST LESSON!

WHEN YOU'RE READY FOR LESSON 2, SIGN ON, THEN ENTER:
JLOAD 46 LESSON2

AND THE SYSTEM WILL RESPOND WITH THE TIME AND DATE IT WAS LAST SAVED.
(IF YOU GET AN ERROR MESSAGE, CHECK YOUR TYPING, THEN TRY AGAIN.)

ONCE IT'S LOADED (AND THE TIME AND DATE MESSAGE SHOWS THAT IT IS, IN .
NOW IN YOUR ACTIVE WS), ENTER:

0 START

IMPORTANT

AFTER YOU SIGN OFF, REMEMBER TO SWITCH OFF THE TERMINAL.

ALSO, IF YOU HAVE A TYPE 113 DATA SET, YOU MUST PRESS
THE TALK BUTTON AFTER SWITCHING OFF THE TERMINAL, OR
THE TELEPHONE LINE WILL REMAIN CONNECTED, THUS TYING
UP ONE ACCESS PORT WHICH SOMEONE ELSE COULD BE USING.

'BYE!




YLOAD 46 LESSON2
SAVED 14,57,33 10/14/75

LESSON 2

THIS IS THE FIRST OF TWO LESSONS
DEALING WITH SYSTEM COMMANDS.

JUST TYPE: START

TO BEGIN THE LESSON.
START

COPYRIGHT 1975, IBM CORPORATION.

HOTE
IF, FOR ANY REASON, IT SHOULD BECOME NECESSARY FOR YOU TO ABORT

A MODULE, THIS CAN BE DONE WHENEVER THE SYSTEM IS AWAITING YOUR
INPUT.

USE EITHER (1) QR (2) BELOW AS APPROPRIATE.

1. IF THE SYMBOLS: L ARE PRINTED AT THE LEFT MARGIN, THEN
ENTER A RIGHT ARROW: > FOLLOWED BY "RETURN™.

2. IF THOSE SYMBOLS ARE NQI PRINTED, ENTER THIS SEQUENCE:

0" . BACKSPACE, “U", BACKSPACE,.' T" (I.E., THE LETTERS: 0 U T
OVERSTRUCK) FOLLOWED BY RETURN" .

SUCHOACTION WILL CAUSE AN IMMEDIATE EXIT FROM THE PROGRAMMED
COURSE OF INSTRUCTION, AFTER WHICH YOU MAY SIGN OFF.

LESSON 2

THIS IS THE FIRST OF TWO LESSONS
DEALING WITH SYSTEM COMMANDS.

IN AN APLSV SYSTEM (I.E., NQI APL/CMS, FOR EXAMPLE)) ./f?
?HE SIGN-ON PROCEDURE FOLLOWING LINE CONNECTION IS TO !
ENTER A RIGHT PARENTHESIS FOLLOWED BY A USER IDENTITY -
GENERALLY A MAN-NUMBER.

THRIS, IN TURN, MAY BE OPTIONALLY FOLLOWED BY A COLON AND
K SECURITY PASSWORD.

FOR EXAMPLE:

)123456



OR
)123456:LOCK

THE NUMERIC PORTION OF THE ENTRY IS FREQUENTLY REFERRED
T0 AS 4 “"SIGN-ON NUMBER",

PLEASE TYPE IN YOUR SIGN-ON NUMBER - NO RIGHT
PARENTHESIS OR LOCK - JUST THE NUMBER ITSELF:

(IF YOU'RE NOT ON AN APLSV SYSTEM,
USE ANY 6-DIGIT, POSITIVE INTEGER.)

987654

' NOW ENTER YOUR NAME - 2 INITIALS AND LAST NAME SUGCESTED:

WHMJ

"THANK YOU.

LET'S REVIEW WHAT HAPPENS WHEN YOU SIGN ON TO AN APL SYSTEM.

ASSUME THAT YOU'VE JUST DIALED IN TO AN APLSV SYSTEM -

NOW SIGN ON:

(AND, FROM NOW ON IF YOU CAN'T ANSWER ANY QUESTION
IN THIS LESSON, JUST TYPE: HELP )

987654
RIGHT PARENTHESIS MISSING.
INCORRECT USER ID.

)987654
018) 14,35.51 9/16/76 WHMJ

.APL.SV.

- GOODY

VHEN YOU SIGN ON, THE SYSTEM AUTOMATICALLY ASSIGNS YOU A FRESH,
CLEAN WORKSPACE AS YOUR ACTIVE WORKSPACE, AND YOU MIGHT PICTURE
IT AS THIS:

«=-ACTIVE-=--~

li SAMPLE |

'|VARIABLE |
: %FUNCTION %
|

 OK. ASSUME YOU ARE JUST STARTING THE COURSE.
" YOU HAVE JUST SIGNED ON - NOW LOAD THE FIRST

LFSSON INTO YOUR ACTIVE WS:



)LOAD 46 LESSON1
SAVED '15.42.15 9/19/75

WHAT HAPPENED WAS THAT A COPY OF A WS CALLED "ué LESSONI
WAS LOADED INTO YOUR ACTIVE WS, WHICH NOW LOOKS LIKE:

«==ACTIVE---+

| VARIABLE |
| FUNCTION |
| |
| PROGRAM |

GOOoD.

NOW LET'S TRY A FEW EXERCISES. I'LL GIVE YOU SOME THINGS TO
DO, YOU DO THEM, THEN I'LL DIAGNOSE WHAT YOU DID. ALSO, I'LL
DISPLAY THE STATE OF YOUR ACTIVE WS AND LIBRARY EACH TIME.

NEWNAME') ,

70 THE NEW NAME INDICATED.

NOW YOU

TRY IT -

THEN THE NAME OF YOUR ACTIVE WOPKSPACE WILL BE CHANFFD

USE THE COMMAND “)CLEAR" TO CLEAR YOUR ACTIVE WS:
YCLEAR

CLEAR WS

«--ACTIVE---» S T TR LIBRARY==coccccccacaaox
___________ () e e e e e e e e
| | 0 |APLINTRO | |FINANCE | |CONTINUF
[Tttt I 0 | Tt I [
I | | | |START | | VARIARLE3

| | 0 | 0 | |CONTINUE | |VARIABLEU

| | | | |VARIABLEL | |FUNCTIONY

b e ' R | IVARTABLE2 _| |VARIABLES _
NOW - LOAD THE WS NAMED “APLINTRO" FROM
YOUR LIBRARY INTO YOUR ACTIVE WORKSPACE:

YLOAD APLINTRO

SAVED 15.42.15 9/19/75
HERE'S WHAT IT LOOKS LIKE NOW:
“==ACTIVE-==-> D TRy LIBRARY==eecmmecccaao o
|APLINTRO | |APLINTRO n | |FINANCE | |CONTINUE
l | 0o |TTTTTTTTTTT T [
| l I | |START | |VARTABLE3

! | v | | |CONTINUE | |VARIABLEu

| R 0 | | |\VARIABLEF1 | |FUNCTIONu4

| | | | |VARIABLE2 | |VARIABLES
___________ \ === m———- il iyt BRI ok oot i
APL WORKSPACE NAMES CAN BE IDENTIFIED OR CHANGED USING THE
")WSID' COMMAND. A PLAIN ')WSID' WILL CAUSE THE PRESENT NAME OF
YOUR ACTIVE WORKSPACE TO BE IDENTIFIED. MOREOVER, IF ‘)WSID' IS
FOLLOWED BY THE DESIRED NEW WORKSPACE NAME (AS IN ‘)WSID



FIND OUT THE NAME OF YOUR ACTIVE WORKSPACE:

YWSID
APLINTRO

¥OW CHANGE THE NAME OF THE ACTIVE WORKSPACE TO: FOOTBALL

YWSID FOOTBALL
WAS APLINTRO
THE RESPONSE YOU RECEIVED IS THE STANDARD ONE FOR NANME
CHANGES, AND WE SHALL NOW USE A DIFFERENT, BUT FASTER,
PICTORIAL REPRESENTATION OF YOUR WORKSPACE STATES:

WSTYPE WS NAME S T E TP CONTENTS===-mmmmmmmmm== >

ACTIVE FFOOTBALL
LIBRARY APLINTRO
LIBRARY FINANCE START CONTINUE VARIABLE1 VARIABLE?2
LIBRARY CONTINUE VARIABLE3 VARIABLE4W FUNCTION4 VARIABLES

SUPPOSE YOU WOULD LIKE TO KNOW THE NAMES OF THE WORKSPACES STORED
IN YOUR LIBRARY. THE SYSTEM COMMAND ')LIB' WILL GIVE IT TO YOU.
EXECUTE IT NOW TO SEE WHAT IT DOES; THEN COMPARFE WHAT IT GIVES TO
THFE LATEST PICTORIAL REPRESENTATION ABOVE.

VLIB
APLINTRO
FINAKCE
CONTINUE

AND THAT'S WHAT YOU GET!

I'D LIKE YOU TO PRACTICE USING THE COMMANDS ')FNS' AND ')VARS'
FOR AWHILE. HERE'S WHAT YOU SHOULD DO. LOAD ONE OF THE WORKSPACES
IN YOUR LIBRARY INTO YOUR ACTIVE WORKSPACE; THEN USE ')FNS' AND
")VARS' TO SEE WHAT'S THERE. DO THIS AS MANY TIMES AS YOU LIKE
WITH AS MANY OF YOUR WORKSPACES AS YOU LIKE., WHEN YOU ARE READY
TO CONTINUE WITKH INSTRUCTION, JUST TYPE 'READY'.

DOR'T BE SURPRISED IF, ON OCCASION, YOU GET WHAT APPFARS T0 BE
N0 RESPONSE TO THESE COMMANDS - THIS MERELY MEANS THAT THERE ARE
NO FUNCTIONS (OR VARIARLES) IN THE ACTIVE WS.

(REMEMBER - ")FNS™ LISTS FUNCTIONS (PROGRAMS) AND “)VARS™ LISTS
VARTARLES (DATA)).

JLOAD FINANCE
SAVED 15.42.,15 9/19/75
JVARS
VARIABLE1 VARIABLE?2
, YFNS
START CONTINUE
READY

you NOT ONLY CAN LIST THE FUNCTIONS AND VARIABLES IN YOUR ACTIVE
wORKSPACE, BUT ALSO CAN ERASE ANY OF THEM SELECTIVELY. THE SYSTEM
OOMMAND TO DO THIS IS ')ERASE OBJECTNAME', WHERE 'OBJECTNAME' IS

"?HE NAME OF THE FUNCTION OR VARIABLE YOU DESIRE TO ERASE. FOR
EXAMPLE, LET'S SAY YOUR ACTIVE WORKSPACFE NOW LOOKS LIKE THIS:

7



«~=ACTIVE--=+
|PIRZNCE™ " "|

| START |
|CONTINUE |
|
l

| VARTABLE1
| VARTABLE?2

USE THE “)YERASE" COMMAND TO REMOVE ONE OF THF
OBJECTS FROM YOUR ACTIVE WORKSPACE:

JERASE VARIABLE1

HERE'S THEORESULTING ACTIVE WORKSPACE:

- *==ACTIVE-=--~>

—— . G - - —————

| START
| CONTINUE
| )

| VARIABLE?2

LET'S LOOK AT THE COPY COMMAND.....

IT HAS SEVERAL FORMATS, WHICH COPY ALL, OR PART, OF
A LIBRARY WS INTO YOUR ACTIVE WS, THUS:

JCOPY WSNAME

YCOPY LIBNO WSNAME

)CCPY WSNAME OBJECTNAME

JCOPY LIBNO WSNAME OBJECTNAME

AND TOBJECTNAME™ IS THE NAME OF THE DESIKED FUNCTION

OR VARIABLE WHICH RESIDES IN THE SPECIFIED LIBRARY
WORKSPACE. , '

LET'S GIVE IT A TRY...euo

FIRST: CLEAR YOUR ACTIVE WORKSPACE:

YCLEAR
CLEAR WS
WSTYPE WSNAME R ke CONTENTS------
ACTIVE
LIBRARY  APLINTRO  FUNCTION1 FUNCTION2 FUNCTION3
LIBRARY  FINANCE START CONTINUE  VARIABLE1

LIBRARY CONTINUE VARIABLE3 VARIABLEW FUNCTIONU

JQ.N. - NOW COPY AN OBJECT INTO YOUR‘ACTIVE
WORKSPACE FROM ONF OF YOUR LIBRARY WORKSPACES:

VARIABLE?2
VARIABLES



P e
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e,

s

JFINANCE
v

JCOPY FINANCE CONTINUE
SAVED 15.44,51 9/13/75

WSTYPE WSNAME S T T T TP CONTENTS===n=mmmmmmmmnn-

ACTIVE CONTINUE
LIBRARY APLINTRO FUNCTION1L FUNCTION2 FUNCTION3

LIBRARY FINANCE START OCONTINUE VARIABLE1 VARIABLE?
LIBRARY CONTINUE VARIABLE3 VARIABLE4 FUNCTIONW VARIABLES

THERE ARE TWO MORE SYSTEMS COMMANDS YOU'LL NEED IN ORDER
TO FULLY CONTROL YOUR WORKSPACE AND LIBRARIES:

YSAVE AND: )DROP

YOU MUST BE CAREFUL WHEN USING THESE COMMANDS BECAUSFE IT
IS EASY TO DISCARD (DROP) A WORKSPACE FROM A LIBRARY AND
YOU DIDN'T INTEND TO, OR TO OVERWRITE A WORKSPACF, AGAIN
WHEN YOU DIDN'T INTEND TO DO SO.
LET'S EXAMINE THE ')DROP' COMMAND FIRST:
ITS PERMISSIBLE FORMATS:

YDROP WSNAME
OR:

JVROF LIBNO WSNAME

e > e et 2 e e e e e e e et et e e

THIS COMMAND OPERATES ON LIBRARY WORKSPACES QNLY; THAT IC,
I7S USE HAS NO EFFECT WHATSOEVER UPON THE ACTIVE WORKSPACE.

NOW - SEE AN EXAMPLE OF ITS USE BY USING THE ')DROP WSNAME'
FORMAT TO DISCARD ANY WORKSPACE FROM YOUR PRIVATE LIBRARY.

REFER TO THE LATEST PICTORIAL REPRESENTATION ABOVE, AND
DISCARD ANY WORKSPACE EXCEPT “"CONTINUE™. I'D LIKF YOU TO
RETAIN THE CONTENTS OF THAT WS BECAUSF WE'LL USF THEM FOR
ANOTHER EXAMPLE LATER IN THIS MODULE.
GO AHEAD:
YPROP FINANCE
14,51.11 9/16/76

AND HERE'S YOUR RESULTING LIBRARY STATUS:

WSTYPE WSNAME & #m-eeeeecccccecan- CONTENTS -==vvemmmenmn- >

ACTIVE 0 CONTINUE ‘
LIBRARY  APLINTRO  FUNCTION1 FUNCTION2 FUNCTION?3
LIBRARY

» LIBRARY CONTINUE VARIABLE3 VARIABLFE4 FUNCTION4W VARIABLES

0 FAR, WE'VE LOOKFED AT USING THE ")DROP' COMMAKD ON A PRIVATE
ISRARY. IF THIS COMMAND WERE USED ON A WORKSPACE IN A PURLIC

LIBRARY (LIBRARY 46, WHICH CONTAINS THIS COURSE, IS AN EXAMPLE
CF 4 PUBLIC LIBRARY) IT WOULD BE EXECUTED QNLY IF YOU WERE THE

USER WHO HAD STORFD IT THERE IN THE FIRST PLACE.

o

)
-

i
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FgR EXAMPLE : I STORED (SAVED) A WS CALLED "LESSON1”

. IF YOU ATTEMPTED TO DISCARD IT BY ENTFRING:
J)DROP 46 LESSON1
XOU WOULD RECEIVE THE FOLLOWING MESSAGE:
IMPROPER LIBRARY REFERENCE
AND NO ACTION WOULD BE TAKEN BY THE SYSTEM.
THIS NOW LEADS US TO THE ')SAVE' COMMAND.
THE FORMAT FOR USING ')SAVE' IS:
)JSAVE
0 O00R

0 JSAVE WSNAME

IN LIBRARY

THE FIRST FORM SAVES YOUR ACTIVE WORKSPACEO AUTOMATICALLY UNDER
ITS PRESENT NAME. THE GSECOND FORM ESSENTIALLY DOES THE SAME

THING, BUT ALLOWS YOU TO EXPLICITLY SPECIFY A NAME.

LET'S GO THROUGH A FEW EXERCISES. FIRST, I WILL CLEAR ALL OF

YOUR WORKSPACES EXCEPT 'CONTINUE',

THE STATE OF YOUR WORKSPACES IS NOW:

WSTYPFE WSNAME R e CONTENTS~=----

ACTIVE
LIBRARY
LIBRARY

LIBRARY CORTINUE VARIARLE3 VARIABLE4W FUNCTION4

SAVE & COPY OF THE ACTIVE WS BY EXECUTING: )SAVE

)JSAVE
NOT SAVED, TKIS WS IS CLEAR WS

THAT'S C.K. - THAT WAS A TRAP!

VARIABLES

A COPY OF THE ACTIVE WORKSPACE WILL NOT BE SAVED UNLESS:

1) ' THE ACTIVE WCRKSPACE ALREADY HAS A NAME (OTHER THAN "CLEAR™)

Qe

THE ')SAVE WSNAME' FORMAT,

S 4pp:
3) YOV iAVE NOT FILLED YOUR WORKSPACE QUOTA. -

‘2) YOU EXPLICITLY NAME IT IN THE ')SAVE' COMMAND BY USING THE

NoW: NAME AND SAVE THE ACTIVE W5 BY EXFCUTING® )SAVE FINANCE

YWSID FINANCE



INCORRECT SYSTEM COMMAND.
)SAVE FINANCE
14,54,52 9/16/76

WSTYPE

ACTIVE
LIBRARY

LIBRARY
LIBRARY

FINANCE
FINANCE

CONTINUE VARIABLE3 VARIABLE4 FUNCTIONY

CHANGE THE NAME OF THE ACTIVE WS TO ANYTHING
OTHER THAN "FINANCE OR “CONTINUE":

YWSID KAREL
WAS FINANCE

NOW SEE AN EXAMPLE OF SAVING IT BY EXECUTING: )SAVE
)SAVE

WSNAME e CONTENTS====--~

- o - -

14,56,.8

WSTYPE

ACTIVE

LIBRARY
LIBRARY
LIBRARY

9/16/76 KARFEL

WSNAME mmmmemmmeeceoaas CONTENTS---=---

KAREL
FINANCE
KAREL
CONTINUE VARIABLE3

VARIABLE4 FUNCTIONu

CHANGE THE NAME AGAIN TO ANYTHING OTHER THAN
FINANCE™, “CONTINUE", OR "KAREL" AND THEN SAVE I7:

YWSID KEREL

WAS KAREL

GooD!

HERE'S THE STATE OF YOUR LIBRARY NOW:

.

LA Bt S )
ASTY

(3]

ACTIVE:
LIBRARY
LIBRARY

NSNAME et T CONTENTS====--

XEREL
FINANCE
KAREL

VARIABLES

VARTABLES

LIBRARY CONTINUE VARIABLE3 VARIABLF4 FUNCTION4 VARIABLFES

NON CONTINUE WITH THFE PROBLE! (I.F., SAVE THE ACTIVFE WS):
YSAVE
SAVELD,

- NOT

WS QUOTA USED UP

ANOTHEE TRAP!!!

DO YOU UNDERSTAND THE MESSAGE?
LS
Ygs
YR
) \%
0 8 - "l &

o

OR NO?

- YOU MAY SOMETIMES RECEIVE THE MESSAGF:



0Y-

NOT SAVED, THIS WS IS (WSNAME2) ' o
FOLLOWING A SAVE COMMAND OF THE FORM:

)SAVE (WSNAME1)

THIS IS A FEATURE OF APL DESIGNED TO PROTECT YOU
FR0M INADVERTENTLY OVERWRITING AN EXISTING WS IN
A LIBRARY.

IF YOU HAD INTENDED TO OVERWRITE, USF ')WSID NEWNAME'
FOLLOWED BY ')SAVE',

HENCE, FOR YOU TO SAVE KFRFL YOU'LL HAVE TO DROP
EITHER “FINANCE" OR "KAREL'

ONE OF THE FEATURES WHICH HAS CONTRIBUTED TO THE POPULARITY OF
APL\370 IS THE BUILT-IN CAPABILITY TO LOAD, COPY, OR COPY FROM

4NY WORKSPACE IN THE SYSTEM, PROVIDED YOU KNOW THE LIBRARY IN
WHICH IT RESIDES.

IF, FOR EXAMPLE, YOU WISHED TO LOAD YOUR FRIEND'S WORKSPACE
NAMED "PROGRAMS™, YOU WOULD HAVE TO KNOW THE NUMBER OF HIS
PRIVATE LIBRARY. THIS IS THE NUMERIC PORTION OF HIS USER ID

(I.E., HIS SIGN-ON NUMBER). IT IS NOT NECESSARY TO ENTER YOUR

PRIVATE LIBRARY NUMBER WHEN ACCESSING WORKSPACES IN YOUR OWN
PRIVATE LIBRARY.

IF YOUR FRIEND'S SIGN-ON NUMBER WERF "123u456", THEN YOU'D HAVE
TO EXECUTE THE COMMAND:

YLOAD 123456 PROGRAMS
TO OBTAIN A COPY OF THE WORKSPACE.

FURTHERMORE, IT IS POSSIBLE TO PROTECT A WS WITH A PASSWORD, IN A
SIMILAR MANNER TO THE WAY IN WHICH A USER ID IS PASSWORD- P?OTFCTED.

FOR EXAMPLE, SUPPOSE YOUR FRIEND HAD LAST SAVED HIS WS CALLED
“PROGRAMS" LIKE THIS:

)SAVE PROGRAMS:P2541

HE WOULL HAVE SET A LOCK ON THE WS WHICH WOULD PREVENT IT FROM
BEING ACCESSED BY ANYONE (INCLUDING HIMSELF'!) UNLESS THIS SAME

' PAS;WGR‘ WERE INCLUDED WITH THE WORKSPACK NAME WHENEVER THE WS

WERE REFERENCED. .

iF YOU HAL TRIED TO USE THE FORM OF THE LOAD COMMAND IN THE PREVIOUS
EXAMPLE, YOU WOULD HAVE RECEIVED THIS ERROR MESSAGE: :

WS LOCKED

AND NO ACTION WOULLI HAVE BEEN TAKEN BY THE SYSTEM.
IO REMOVE A PASSWORD, YOUR FRIEND WOULD ENTER:

YSAVE PROGRAMS:

CAND YOU USE THE SAME TECHNIQUE T0 SET AND RENOVE ?ASSNORDS FROM

YOUR USER ID.



WE MENTIONED EARLIER THAT SOME WORKSPACES RESIDE In EQQLIQ
LIBRARIES. THESE LIBRARIES HAVE 1 TO 3 DIGIT NUMBERS AKD
ARE DESIGNED TO CONTAIN WORKSPACES WHICH HOLD FUNCTIONS OF

GENERAL USEFULNESS, ESPECIALLY “CANNED" APPLICATIONS.
ASSUME YOU WANT TO ACCESS SOME WORKSPACE OR OBJECT IN LIBRARY 1.

THE AVAILABLE SYSTEM COMMANDS YOU COULD USE ARE:

3 YLIB 1 0 - LISTS ALL WORKSPACES IN LIBRARY 1.
© )LUAD 1 WSNAME - LOADS A COPY OF "WSNAME™ FROM LIBRARY
{ - 1 INTO YOUR ACTIVE WORKSPACE.
. )CoPY 1 WSNAME - COPIES EVERYTHING FROM "1 WSNAME™ INTO
~ YOUR ACTIVE WS, BUT DOES NQI CHANGE THE

0 NAME OF YOUR ACTIVE WS. OBJECTS IN THE
‘ ACTIVE WS WIZH‘NAMES IDENTICAL TO THOSE
IN "1 WSNAMFE' WILL BE OVERWRITTEN.

YCOPY 1 WSNAME OBJECTNAME - COPIES THE SPECIFIED OBJECT FROM "1 WSNAM
¢ INTO YOUR ACTIVE WS, AND OVERWRITES ANY

¢ © EXISTING OBJECT OF THE SAME NAME.

LET'S SEE IF YOU UNDERSTAND ALL THAT.....

HERE'S A 3-PART PRCOBLEM.

(DO ONE STEP AT A TIMRE!)

1. LIST ALL THE WORKSPACES IN LIBRARY 1, .

2. LOAD WORKSPACE “SAMDPLE™ FROM LIBRARY 1 INTO YOUP ACTIVE WS.

3. COPY INTO YOUR ACTIVE WS THE FUNCTION “PROGRAM™ FROM WS “apL”

IN LIBRARY 1. -
OFF YOU GOyuuue

JLIB 1
SAMPLE
APL
PLOTFORM
WSEFNS

CORRECT SO FAR - - PLEASFE CONTINUF:
" )LOAD 1 SAMPLE
SAVED 15.43.25 9/15/75
GOOD - NOW DO THE LAST PART:
YCOPY 1 APL PROGRAM

SAVED 15.42.15 9/19/75
THEREY YOU DID IT!

AND HERF'S YOUR RESULTING ACTIVE WORKSPACE:

10~
“==ACTIVFE--=~

- — —— e — - —



. — o —— .

Q
:E-iauena_--
| VARIABLE |
| FUNCTION }
|
| PROGRAM |

THIS COMPLETES LESSON 2, THE FIRST OF 2 MODULES ABOUT
SYSTEM COMMANDS (THE OTHER IS LESSON 19).

THFE NFXT MODULE IS “u6 LESSON3" WHICH DISCUSSES SOME

BASIC ARITHMETIC OPERATIONS USING PRIMITIVE APL FUNCTIONS.



JLOAD 46 LESSON3
SAVED 18.43,50 10/086/75

LESSON 3

THIS MODULE TEACHES THE DYADIC USE OF
THESE PRIMITIVE FUNCTIONS:

+ - x &+ x [ L | e
START

LESSON 3

COPYRIGHT 1975, IBM CORPORATION.

IN THIS LESSON, WE SHALL LEARN THE DYADIC USE
OF THESE PRIMITIVE FUNCTIONS:

+ - x + x= [ | | e
AND HERE'S WHAT THE STRANGE-LOOKING ONES DO:

«-> POWER (EXPONENT): 2%b4 = 2x2x2x2

*

[ «-> MAXIMUM: 3[5 = 5 27720 = 27

L «-> MINIMUM: 315 = 3 27L20 = 20

® <«-+ LOGARITHM: 100100 = 2 208 = 3

| <«-+ RESIDUE (ALGEBRAIC REMAINDER): 2|16 = 0
1/4.36 = 0,36 3174 = 2

LET'S TAKE A CLOSER LOOK AT THE RESIDUE FUNCTION:
IN ITS GENERAL FORM:
Al
IT YIELDS A RESULT, R, SUCH THAT:
R = B-4xQ
WHERE :
@ -- IS5 AN INTEGER
AND:
& -- IS EITHER:

1, IF "a” AND “B" ARE POSITIVE, THE
‘REMAINDER™ OF B:A,

OCR 2, THE SMALLEST INTEGER FOR
THE DEFINITION TO BE TRUE (IF EITHER
‘A" OR "B” IS NEGATIVE).

NOW THAT'S PRETTY CONFUbING S0 LET'S VORK oUT A
COUPLE OF EXAMPLES.....

EXAMPLE 1:

3|5



THE RESULT IS 2 BECAUSE THE ARGUMENTS ARE BOT%
POSITIVE, AND 533 IS 1, WITH 2 REMAINING.

IF WE HAD:

5|3
3

WE SEE THAT THE RESULT IS 3, BECAUSE 5 INTO 3
"WON'T GO", WHICH LEAVES A REMAINDER OF 3,

EXAMPLE 2:

38

1

NOW LET'S WORK THIS ONE OUT THE WAY APL WOULD, AND

SEE WHY THE RESULT IS "1:

Q AxQ B-AxQ  COMMENTS

11 FIRST PASS .eeaen

14 “"R"'S GETTING LARGFR - TRY A NEGATIVE
THAT'S BETTER v e,

2 0 BETTER YET.....

1 THAT'S THE SMALLEST WE'LL FIND!

O wWoOwWw
o

THE BALANCE OF THIS LESSON CONSISTS OF PRORLEMS
OF THIS TYPE:

217

AND YOU HAVE TO ENTER WHAT YOU THINK APL'S
EVALUATION OF EACH EXPRESSION WILL BE. '

IF YOU GET STUCK, TYPE: HELP
AND I'LL TELL YOU THE ANSWER.

YCU ARE PERMITTED ONLY 1 ATTEMPT AT EACH QUESTION,
AND THE LFSSON WILL END AFTER YOU HAVE TRIED 50
PROBLEMS, OR WHENEVER YOU ENTER: STOP

INSTFEAD QF AN ANSWER, EITHER WAY, YOU'LL GET
A SCORE INDICATING YOUR PERCENTAGE OF CORRECT
ANSWERS,

ONE LAST POINT BFFORE YOU BEGIN - THERE'S A
DIFFERFNCE IN APL BETWEEN THE SYMBOLS FOR A
VALUE WHICE IS NEGATIVE, AND FOR THE ARITHMETIC

- OPERATION OF SUBTRACTION:

T8 MEANS: NEGATIVE 8
-8 MFANS: SURTRACT (POSITIVE) 8

"NOW RE-READ THE FOREGOING (IF NECESSARY), AND,

WHENEVER YOU'RE READY TO BEGIN, TYPE: READY
READY
311

1

CORRECT!

[

o

e 9o e o o



9
GOOD
1001000
3
RIGHT!
1+
.125
CORRECT?

113

GoOoD

uL7

I

RIGHT!
1x3

3

CORRECT!
10010

1

Goor!
oxl

0

RIGHT !

KE 2]

dEEL VEEL

" ANSWER IS: 19683
TRY THIS ONE:

5

015
CORRECT
248

R W D Y A N . St B e " s @t = = st et



-t -

.25

GOooD!
416

2

RIGHT!
]

“8

CORRECT

10100

GOCD !
1+2
3
RIGHT!
141
0
CORRECT

2-72

RIGHT

174



3-05=

RIGHT!
3+ 6

3
CORRECT

ox"8

GoOOoD!
oL1
0

RIGHT!

4-"4

8

CORRECT

2]2

GOOD!

“uo
RIGHT!
ul"9
-9
CORRLCT!

0+ 2

Goorl:

134

T13
CORRECT?

273



13-0b=

KRIGHT!
o517

7

- CORRECT!

ox 4

GoOoD!
2*8

256

- RIGHT!

olu
u

CORRECT!
- 3x1
12

GooD!

w < U

 RIGHT!

1+76
T5
CORRECT!

278

GOODY

-
-
ks

RIGET?



108100
2
CORRECT

219

GoOD!
ol 6

6

RIGHT!
2)4

0

CORRECT?

219

Goov!

N
]
LS

0
RIGHT!

842
n
CORRECT !

3-5
"8
GooD
| AND THAT'S5 THE END OF LESSCON 31

YOUR SCCRE IS: 100 o/o REPRESENTING
50 CORRECT 0OUT OF 50 ATTEMPTS.

PHE NEXT MODULE WILL BE “46 LESSON4 IN WHICH
WE'LL DISCUSS VARIABLES, SPECIFICATION, AND LITERALS.

-0 7



JLOAD 4% LESSON4
SAVED 18.44.13 10/06/75

LESSON 4

THIS LESSON TEACHES VARIABLES,
SPECIFICATION, AND LITERALS.

START

COPYRIGHT 1975, IBM CORPORATION.

LESSON
IN THIS MODULE WE SHALL LEARN HOW TO ASSIGN A VALUE TO A VARIABLE .
LET'S BEGIN WITH ASSIGNING NUMERIC VALUES.

GIVEN THF VALYE "2.476" WHICH WE WOULD LIKE TO BFE ASSOCIATED WITH
THE VARIABLE "K", WE ASSIGN (SOMETIMES CALLED "SPECIFY") THUS:

K+2.476
AND APL WILL STORE THE VALUE OF 2.476 IN K.
NOW FOR THE OTHER SIDE OF THE COIN!
7?0 OBTAIN THE VALUE OF A VARIABLE, SIMPLY TYPE IN ITS NAME:

, "X
2.476

IF, HOWEVER, THERF WERF NQ VARIABLE WITH THAT NAME IN THE ACTIVF
WS, YOU WOULD GET AN ERROR MESSAGE.

LET ME SHOW YOU WHAT I MEAN - I'M GOING TO ERASE "K:
YJERASE K

AND, NOW THAT IT'S BEEN ERASFD, I'LL ASK FOR ITS VALUE:

VALUE FERROR

>>’::’l>-‘.

IT IS ALSO PCSSIBLE TO STORE A COMPUTED VALUE IN A VARIABLE:
ANe3+42x83 4
AND,IF WE ASK FOR "K' WE'LL GET ITS VALUF, THUS:

K
7

¥Ow IT'S YOUR TURN!

SPECIFY THE VARIARLE V' AS HAVING THE VALUE: 99.12
(IF YOU CAN'T, TYPE: HELP)



P

* o

V«<998,12

GOOD! A
LET'S TRY ONCE MORE TO ENSURE YOU UNDERSTAND, S

ASSIGN u4+8%3 TO VAR~
VAR<L+8%3

GREAT!

WE CAN ALSO SPECIFY LITERAL (I.E., NON-NUMERIC) VALUES TO VARIABLES.
THIS IS DONE BY ENCLOSING THE VALUE IN SINGLE QUOTRS (UPPER CASE "K™)
LIKE THIS:

Z+«'WHAT TIME IS IT, PLEASE?!

AND IF WE REQUESTED A DISPLAY OF "2", WE'D GET:

7
&

WHAT TIME IS IT, PLEASE?

SOMETIMES YOU MIGHT WANT TO HAVE A SINGLE QUOTE AS PART OF THE
VALUE. IN THIS CASE, REPRESENT IT AS A DOUBLE QUOTE, THUS:

Muy«'I CAN''T DO IT!'
WHICH DISPLAYS AS:

My
I CAR'T DO IT!

IMPORTANT!

WITH LITFRAL DATA. IF YOU DON'T, THE SYSTEM WILL JUST SIT THERE
(FOREVER, IF NFECESSARY') UNTIL THE NUMBER OF QUOTES IS EVEN.

50, IF YOU'VE ENTERED LITERAL DATA WHICH SFEEMS TO BE VALID,

RUT NOTHING HAPPENS, AND THE KEYBOARD IS UNLOCKED, TRY ENTERING A
SINGLE QUOTE. ‘ :

ALSO, IF YOU'RE WONDERING WHERE THE "'" SYMBOL IS ON THE
KEYBOARD', DON'T, BECAUSE IT ISN'T. IT'S FORMED BY UPPER CASE

X

. . s o0

. THEN RACKSPACFE, AND THEN . .)

NOW YOU TRY SOME:

SPECIFY @7 T0 HAVE THE VALUE: GOOD FOR YOU!

g+'G00D FOR YOUL'

PERRIFIC!

ONCFE MORE ..o,

SPECIFY "s" TO BE: DON'T FORGET

(RE CAREFULY)
. S<'DON''T FORGET'®

CVERY GO0DY
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IT IS QUITE IN ORDER TO HAVE MORE THAN ONE SPECIFICATION IN A SIIGLEE
APL EXPRESSION. FOR INSTANCE, THE FOLLOWING:

We3.,14159xR<«(D+25)%2

WHICH APL EVALUATES FROM RIGHT TQ LEFT (REMEMBER THAT!) LIKE THIS:

SPECIFY D" TO HAVE THE VALUE 25

pDIVIDE "D BY 2, YIELDING THE VALUE 12.5

SPECIFY "R TO BE 12.5 (D%2)

MULTIPLY 3,14159 BY R (12.5), YIELDING 39.269875
SPECIFY "W~ TO BE 39,269875

OF WL
e ° a

o o

AS A GENERAL RULE, YOU CAN SAY THAT THE VALUE ASSIGNED TO A
VARIABLE IS THE EVALUATION OF EVERYTHING TO ITS RIGHT, EXCEPT
AS MODIFIED BY PARENTHESES, AS THE EXAMPLE ILLUSTRATED.
NOW LET ME SEE YOU DO ONE LIKE THIS.
IN QNE (1) APL EXPRESSION (ONE LINE) I WANT YOU TO:

1. SPECIFY "K' TO HAVE THE VALUE 6

2. SPECIFY "B TO BE "K DIVIDED BY 2
3. SPECIFY "4 TO BE 2 TIMES "B

GO TO ITeeoans

WHEN YOU'VE FINISHED, TYPE: READY
AND ['LL CHECK IT OUT FOR YOU.

A+2%x(B+(K<«6)%2)
READY '

WELL DONE!

WOW THAT YCU KNOW HOW TO USE THE SPECIFICATION ARROW, LET'S
DISCUSS TEE CHARACTERS YOU ARE PERMITTED TO USE IN A VAPIABLE

NA»IF e

mHE} ARE:

1. ANY ALPEARFTIC CHARACTER, WITH OR WITHOUT AN UNDERSCORE.
(UNDERSCORIKG A LETTER IS ACCCMPLISHED BY BACKSPACING,

. THEN ENTERING THE UNDFRSCORE CHARACTER (UPPER CASE "F)
UNDER THF DESIRED LETTER.)

2. ANY DIGIT (I.E.., THE CHARACTERS: 0 1 2 3 45 6 7 8 9)
3} THE SYMPOL: &  (UPPER CASE "H™)
THE RULES ARE SIMPLE:

1; A VARIABLFE NAME CONSISTS OF FROM 1 TO 77 CHARACTERS, OF
WHICH THE FIRST 31 CHARACTERS MUST BFE UNIQUE. PRACTICALLY
SPEAKING, THIS MEANS 1-31 CHARACTERS.

9. THE FIRST CHARACTER MUST BE ALPHABETIC (WITH OR WITHOUT UNDERSCOR@

HERE ARF SOME EXAMPLES OF VALID VARIABLE NAMES:

CAW10G

o



Yo

F1
BLOL
DDT

AND THIS BRINGS UP AN IMPORTANT POINT - SINCE IT IS VALID TO
HAVE A VARIABLE NAME WITH ADJACENT CHARACTFERS AND LETTERS,
THERE IS NO MEANING IN APL FOR THE CONVENTIONAL MATHEMATICAL
NOTATION 3X (MEANING 3xX). IT IS NECESSARY TO STATF, ALWAXYS,
THE EXPLICIT OPERATION YOU WANT PERFORMED UPON THE DATA.

IF YOU WERE TO ENTER:
bX+2
YOoU WoULr GET THIS RESPONSE:

SYNTAX ERROR
4 X«2
A

BECAUSE APL FIRST SPECIFIES "X" TO HAVE THE NUMERIC VALUE OF 2,
THEN LOOKS FOR ANOTHER PRIMITIVE FUNCTION TO THE LEFT OF "X,
CAN'T FIND ONE, BUT NOTICES ANOTHER VALUE, 4, BUT DOES NOT KNOW

WHAT OPERATION YOU WANT PERFORMED ON THE 4 AND THE 2, S0 IT
STOPS EXECUTION, AND GENERATES THE SYNTAX ERROR MESSAGE.

BEAR IN MIND THAT, IN THIS EXAMPLE, YOU WILL HAVE SUCCEEDED
ONLY IN SPECIFYING X<«2.

HAD WE WANTED uxX<+2 WE SHOULD HAVE ENTERED JUST THAT, AND APL
WOULD HAVE EVALUATED THAT TO BE 8.
AND THAT'S IT FOR SPECIFICATION!

TKE NEXT MODULE IS "6 LESSONS , WHICH DEALS WITH THE MONADIC
USE CF SOME PRIMITIVE FUNCTIONS.




JLOAD 46 LESSONS
SAVED 18.44,55 10/06/75

THIS MODULE DISCUSSES THE MONADIC
USE OF THESE PRIMITIVE FUNCTIONS:

+ - x + [ L 1 1

LESSON 5

COPYRIGHT 1975, IBM CORPORATION.‘

IN THIS LESSON WE SHALL LEARN THE MONADIC
USE OF THESE PRIMITIVE FUNCTIONS:

+ - x + [ L 1
7 OF WIHICH YOU HAVE ALREADY USED DYADICALLY.

THE TERM MONADIC MEANS THAT THE FUNCTION

HAS ONLY 1 ARGUMENT, AND SUCH AN EXPRESSION

IS CALLED A MONAD (AS OPPOSED TO A DYAD, WHICH,
YOoU WILL RECALL, HAS 2 ARGUMENTS). THE SINGLE
ARGUMENT IS ALWAYS TO THE RIGHT OF THE FUNCTION,
AND IT MAY BE A SINGLE VALUE OR A COMPUTED
VALUE (AS WE'LL SEE NEXT LESSON).

HERE'S WHAT THESF MONADIC FUNCTIONS DO:

SYMSOL NAME  OPERATION
IDENTITY RETURNS THE ARGUMENT
- NEGATF CHANGES QHE ARGUMENT'S SIGN
SIGNUM ' YIELDS: 1, 0, OR 1, DEPENDING

UPON THE ARGUMENT BEING NEGATIVE,
ZERO, OR POSITIVE, RESPECTIVFLY
+ RFECIPROCAL YTIELDS: 1:ARGUMENT

[ CRILING SMALLEST INTEGER GREATER THAN OR
L EQUAL TO THE ARGUMENT
L FLOOR LARGEST INTEGER LESS THAN OR

FQUAL TO THE ARGUMENT
FACTORIAL YIELDS: 1x2x%3x,....XARGUMENT
: |- ABSCLUTE RETURNS THE ARGUMENT, BUT WITH ITS
E - VALUFE SIGN MADE POSITIVE, IF NECESSARY

i Q

AND HERE ARE SOMFE EXAMPLES OF THEM IN USE:

01- 1



-

- r3.u
3

Lute
in

'3
6

70,07
0.07

THE REST OF THIS LESSON CONSISTS OF EXPRESSIONS
SIMILAR TO THE ONES ABOVE, AND YOU HAVE TO ENTLR
WHAT YOU THINK APL'S EVALUATION OF THEM WILL BF.

YOU MAY ENTER: STOP (INSTEAD OF AN ANSWER) TO
TERMINATE THE LESSON; OTHERWISE, IT WILL END
AUTOMATICALLY AFTER YOU'VE ANSWERED 50 PROBLEMS,
YOU MAY ENTER: HELP (INSTEAD OF AN ANSWER) IF
YOU GET STUCK ( BUT THAT WON'T COUNT TOWARDS
THE 50!).

AT THE END OF THE LESSON, YOU'LL RECEIVE A
“SCORE™ SHOWING YOUR PERCENTAGE OF CORRECT ANSWERS.

NOW EXAMINE THE EXAMPLES ABOVE, AND, WHENEVER YOU
WOULD LIKE TO BEGIN, TYPE: READY

READY
xi.s
1

CORRECT!

+0.3



-3~

CORRECT!
xL,3
1
GoOoD!
+2
.5
RIGHT!
4.3
5

CORRECT!

RIGHET!
[0.9
.9

CORRECT

-71.3
1.3
RIGHT!

B B O
_1' .

-3.9



S5eid-

RIGHT!
[2.4

3

CORRECT!

RIGHT!
Lo.2
0

CORRECT!

RIGHT!

1




1
CORRECT!

X 2.9

RIGHT!
o
24

CORRECT!

L]

Goor:!




AT

3.8
RIGHT!

+3.7
3.7
CORRECT!

+1.5

RIGHT!
Ty

24

CORRECT
1

1

GOOD'Y
L0.3

0

RIGHT!
$2

¢S
CORRECT!

$2.1
2.1
RIGHT?

3.3



507~

.25
Goor!
WHICH BRINGS US TO THE END OF LESSON 5.

YOUR SCORE: 100 o/o (50 CORRECT OUT OF 50 ATTEMPTS).

THF NEXT MODULE IS “46 LESSON6T , WHICH IS
4 21-QUESTION TEST ON BASIC SYSTEM COMMANDS.
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5. (CCPY IN YOUR FNTIR? WORKS

JLOAD 46 LESSON6T
SAVED 18.,45,28 10/06/75

LESSON 6T

THIS MODULE IS A 21-QUESTION
TEST ON BASIC SYSTEM COMMANDS.

START

LESSON GT

COPYRIGHT 1975, IBM CORPORATION.

FOR EACH QUESTION IN THIS TEST YOU WILL BE GIVEN
TWO CHANCES TO ENTER THE CORRECT ANSWER; FAILURE
TO ANSWER CORRECTLY AFTER TWO ATTEMPTS RFSULTS In

THE PROGRAM CONTINUING ON TO THE NEXT PROBLEM.

YOU WILL RECEIVE A "SCORE" AT THE END OF THE TEST

AS A PFRCENTAGE; HOWEVER, THOSE QUESTIONS WHICH

WERE ANSWERED CORRECTLY ON THE FIRST TRY WILL BE

GIVEN TWICE THE WEIGHT OF THOSE ANSWERED CORRECTLY

ON THE SECOND ATTEMPT.

THERE ARE 21 QUESTIONS IN ALL, AND NO ACCOUNT WILL

BE TAKEN OF THE TIME IT TAKES YOU TO ANSWER.

IMPORTANT

IN THIS TEST, AHY QUESTION RFEQUIRING AN ANSWER
OF "YES™ OR "NO" MUST HAVE THESF RESPONSES
SPELLED OUT IN FULL,

GOol LUCK!

1. ASSUME YOUR IDENTIFICATION NUMBER IS 123u456.

)123456

CORRECT Y

2. LOAD YOUR WORKSPACE NAMED BUGGY._
YLOAD BUGGY

COXRECT

3. LIST ALL FUNCTIONS IN IT.
)FNS

CORRECT

4. LIST THE VARIABLES IN IT.
)VARS

CORRECT

A .
e W [
A é

CE NAMED HELPFUL,

SIGN ON THE SYSTEM,



YCOPY HELPFUL
CORRECT!

6. COPY IN A FUNCTION FLIT FROM YOUR WORKSPACE SPRAY.
JCOPY SPRAY FLIT
CORRECT

7. COPY IN THE VARIABLE DDT FROM 594159'S WS NAMED DEADLY
)COPY 594159 DEADLY DDT
CORRECT!

8. FERASE THE FUNCTION SWAT.
JERASE SWAT
CORRECT!

8. DISCARDOYOUR WS NAMED HELPFUL,
JDROP HELPFUL
CORRECT!

10. ASSUMING THAT YOU HAD ACTUALLY EXECUTED ALL OF THE ABOVE COMMANDS
IF YOU THEN EXECUTED ')SAVE', WHAT WOULD THE NAME OF THE SAVED WORKSP!

BUGGY :
CORRECT!

11, CAN YOU SAVE THIS WORKSPACF UNDER THE NAME 'BETTFER' DIRECTLY?
NO

INCORRECT - TRY AGAIN:
YES

CORRECT!

12, CAN YOU SAVE IT UNDER THE NAME ‘'CONTINUE' DIRECTLY?
YES
COKRECT!

13. CHANGE THE NAME OF THIS WORKSPACE TO 'BETTER'.
YWSID BETTER
CORRECT!

14, GET THE CURRENT NAME OF THE ACTIVE WORKSPACE.
JWSID
CCRRECT!

15, SAVE IT WITHOUT USING ITS NAME.
YJSAVE
CORRECT!

16, SAVE IT USING ITS NAME.
g JSAVE BETTER
CORRECT!

17, LIST ALL YOUR WORKSPACES.
YLIB
- CORRECT!

18, GET A CLEAR WORKSPACE.
 )CLEAR
CORRECT?

19. LIS? THE LORKSPACE IN LIBRARY u6.
YLIB 46 : :
CORRECTY

20. SIGN OFF THE. bYSIEM (WITHOUT DUMPING ACTIVE WORKSPACE IN CONTINU@'
LEAVE PHONE LINE OPEN, :



YOFF HOLD
CORRECT

21. SIGN OFF SYSTEM (NO DUMP IN CONTINUE).
JOFF '
CORRECT

SCORE: 98 o/o .
AND THAT ENDS THIS FIRST TEST!

THE NEXT MODULF WILL BE “u46 LESSON7", WHICH
IS THE FIRST OF THREE WHICH COVER 'VECTORS'.




YLOAD 46 LESSON7
SAVED 18.46,17 10/06/75

THIS IS THE FIRST OF THREE LESSONS ABOUT
VECTORS -- THE OTHERS ARE LESSONS 10 AND 11.

START

LESSON 17
COPYRIGHT 1975, IBEM CORPORATION.

IN THIS MODULE YOU WILL LEARN WHAT VECTORS ARE,
AND HOW TO SOLVE EVERYDAY PROBLEMS USING THEM.

THIS, FOR EXAMPLE:
29 54 51 11 41 58

IS A VECTOR WITH 6 NUMBERS OR “ELEMENTS,
SEPARATED BY ONE (AT LEAST) OR MORE BLANKS.

HOW MANY ELEMFNTS HAS THIS VECTOR?

4y 73 87 71 80 70 74

7 .

THAT'S RIGHT! A

THE NUMBER OF ELEMENTS IN A VECTOR IS ALSO ITS LENGTH.

THE EXPRESSION: 44 73 87 71 80 70 74

IS, THEREFORE, A VECTOR WHOSFE LENGTH IS 17
ENTER A NUMERIC VECTOR OF LENGTH 2:

16 345

WOULD YOU LIKX 0 GIVE ME ANOTHER ONE?
YES :

ENTER A NUMERIC VECTOR OF LENGTH 17:

1 23 4567

WOQULD YOU LIKE TO GIVE ME ANOTHER ONE?
YES

ENTER A NUMERIC VECTOR OF LENGTH u:

b 32 1 o : )

QOULD YOU LIKFE TO GIVE ME ANOTHER ONE?
e :

ASSIGN A (NUMERIC) VECTOR OF LENGTH 4% TO A VARIABLE:



———— —

A+l 2 3 4

f.
I

GOOD - YOUR VECTOR IS NOW STORED IN THFE VARIABLE "A”;

WOULD YOU LIKE TO ASSIGN ANOTHER ONE?
NO

IF, LATER, YOU WISH TO DETERMINE THE LENGTH OF “A",
THERE IS A (MIXED MONADIC) FUNCTION WHICH YIELDS
ONLY THE LENGTH OF A VECTOR WITHOUT DISPLAYING

ITS CONTENTS. IT IS: p  (UPPER SHIFT "R").

IT IS CALLED “"RHO™ (PRONOUNCED “ROW™ AS IN BOAT) .

IF: A«1 2 3 4

THEN ¢ pd

y

A VECTOR WAS ASSIGNED TO THE VARIABLE “ALF",
FIND ITS LENGTH:

opALF

5

RIGHT!

DISPLAY THE ELEMENTS IN ALF:
ALF

49 67 68 20 91
GOOD - HOW ABOUT THIS:

SOMETHING WAS ASSIGNED TO THE VARIABLE “x17".
WHAT'S ITS LENGTH?
pX17 »

THAT'S RIGHT!

FIND OUT WHAT'S IN X17:

X117

' 890
' 4 SCALARI!!

A SINGLE NUMBER (SCALAR) FOLLOWED BY 4 BLANK
. DOES NQT REPRESENT A ONE-COMPONENT VECTOR!

WE SHALL LEARN IN MODULE 17 HOW TO MAKE IT ONE.

S50, IF 'X17" IS A SCALAR, THEN:
' pX17

RESULTS IN NO PRINTED DIMENSION,
BECAUSE A SCALAR HAS NONE.

WOULD YOU LIKE ANOTHER ONE?
YES

A VECTOR WAS ASSIGNED TO THE VARIABLE “MIN",
FIND ITS LENGTH:

pMIN

2

S RIGHT!

" DISPLAY THE ELEMENTS IN MIN:

———— e e



MIN
45 98

GOOD - HOW ABOUT THIS:

SOMETHING WAS ASSIGNED TO THE VARIABLE “xus”,
WHAT'S ITS LENGTH?
pX45

THAT'S RIGHT!

FIND OUT WHAT'S IN XuS:
Xu5
B4 6

A SCALAR'!!

WOULD YOU LIKE ANOTHER ONE?
NO

IF YOU WANT TO ENTER LITERAL (CHARACTER) DATA (NAMES
AND ADDRESSES, FOR EXAMPLE), YOU MAY USE ANY VALID
KEYBOARD SYMBOL, INCLUDING THE SPACE (BLANK).

YOU WILL RECALL (MODULE 4) THAT LITERAL DATA IS
ENTERED BY ENCLOSING THE CHARACTER STRING IN SINGLE
QUOTES, WHICH ARE THEN STRIPPED BY APL PRIOR TO
DISPLAY. FOR EXAMPLE:

A«'AREA IS
A
AREA IS

ONE CHARACTER ENCLOSED BY QUOTES IS A SCALAR.
ALL OTHER SEQUENCES ARE VECTORS, AND BEHAVE

AS SUCH.
S0, IF: A«'AREA IS!
THEN: pA

7

I'LL ASSIGN A NEW CHARACTER SET TO A.
A+«'THE ANSWER IS:'
A

THE ANSWER IS:

HOW MANY BLEMENTS HAS A?

iy

CORRECT!

WOULD YOU LIKE ANOTHER ONE?
NO

IF THE QUOTE SYMBOL IS TO BE PART OF THE VECTOR,
THEN IT MUST BFE ENTERED TWICE. FOR EXAMPLE:

‘DON''T DO IT!
DON'T DO IT

ENTER ANY CHARACTER VECTOR:
‘ELL

-V
. HELLO THERE!:
HELLO THERE!

0. K.



T
HE SURROUNDING QUOTE SYMBOLS INDICATE THAT THE DATA
THEY ENCLOSE IS TO BE USED FOR DISPLAY PURPOSES ONLY,
AND THAT THEY CANNOT BE USED FOR ARITHMETIC EVALUATION.
(IN A LATER MODULE WE SHALL LEARN HOW TO MANIPULATE
LITERAL DATA.)

WOULD YOU LIKE TO GIVE ME ANOTHER ONE?
NO

LET'S DO SOME PROBLEMS INVOLVING VECTORS.uesss

IN THIS SECTION OF THE LESSON, IF YOU CANNOT
ANSWER A QUESTION, JUST TYPE IN: HELP
AND YOU'LL GET THE CORRECT ANSWER PRINTED OUT,

HERE IS THE RECORD OF THREE (3) BRANDS OF
CIGARETTES (A, B, AND C) YOUR FRIEND SMOKED
IN THE LAST TWO (2) WEEKS:

' 4 B ¢
WEEK 1: 42 29 99

WEEK 23 49 52 82

HE WOULD LIKE TO KNOW HOW MANY CIGARETTES HE
SMOKED FACH WEEK REGARDLESS OF BRAND.

THIS IS HOW THE PROBLEM COULD BE SOLVED USING VECTORS:

42 49 + 29 52 + 99 82
170 183

HE WOULD KOW LIKE TO KNOW HOW MANY CIGARETTES OF
EACH BRANC HE SMOKED DURING THE TWO WEEKS.

I WOULD LIKE YOU TO ENTER AN APL EXPRESSION USING
THE ABOVE NUMERIC VECTORS WHICH NOT ONLY CALCULATES

THIS, BUT ALSO YIELDS THE RESULT IN BRAND SEQUENCE
(THAT IS, A, THEN B, THEN C):

42 29 99449 52 82
91 81 181

0.K.

YOUR FRIEND DECIDED TO REDUCE THE NUMBER OF
CIGARETTES HE SMOKED DURING THE SECOND WEEK
TO A FIXED QUANTITY OF FACH OF THE THREE BRANDS.

 HERE'S HIS NEW RECORD OF CIGARETTES SMOKED:

0 4 B ¢
WEEK 1: 10 79 75

. WEEK 2: 13 13 13

_ ONCE AGAIN, HE'D LIKE TO KNOW HOW MANY
GARETTES OF EACH BRAND HE SMOKED.

ER AN APL EXPRESSION WHICH WILL CALCULATE



B
i

THIS ~ AND SEE IF YOU CAN FIND A SHORT-CUT
APPROACH . e+ oeoe oTHINK CAREFULLY:

10 79 75+13

23 92 88

VERY GOOD!

WOULD YOU LIKE TO SOLVE ANOTHER SIMILAR PROBLEM?
YES

' 4 B ¢

WEEK 1: 85 73 84

WEEK 2: 16 16 16

85 73 8u4+1e6

101 89 100

0.K.

A NUMERIC VECTOR (SOMETIMES CALLED A CONSTANT
VECTOR) IS TREATED AS A SINGLE ENTITY BY APL.

S50, WHEN ALL THE ELEMENTS OF SUCH A VECTOR ARE
IDENTICAL, IT SUFFICES TO ENTER ONLY ONE OF THEM.

THUS :
85 73084+16
101 89 100
WOULD YOU LIKE TO SOLVE ANOTHER SIMILAR PROBLEM?
NO

WELL, OUR FRIEND DECIDED TO DROP ONE BRAND.
HERE'S HIS NEW RECORD:

4 B ¢
WEEK 1: 29 17 by
WEEK 2: 11 11 -

HOW MANY CIGARETTES OF EACH BRAND DID HE SMOKE?
29 17 44+11 11 0

40 28 4b

WELL DONE!

WOULD YOU LIKE TO SOLVE ANOTHER SIMILAR PROBLEM?
NO

WHENEVER YOU WART TC CREATF A VECTOR FROM VARIABLES. YOU CAN DO S0
IN THIS MANNFR‘

LET'b ASSUME THAT: A<«4 ‘AND Y8 AND = Z+«11

‘THEN, TO CREATE A'VECTOR: 4 8 11 WE WOULD ENTER:

AY,Z

48 11

THE COMMA CATENATES THE ELEMENTS TOGETHER AND WE'LL LEARN MORE

' ABOUT IT IN LESSON 17,

GENERALLY SPEAKING, THE WAYS IN WHICH YOU CAVN OFERATE OF VECTORS



ARE (AND 'o' STANDS FOR ANY FUNCTION YOU ALREADY KNOW):

1. VECTOR « SCALAR o VECTOR
2, VECTOR « VECTOR o SCALAR

3. VECTOR « VECTOR o VECTOR
AND, IN CASE 3, THE VECTORS MUST HAVE EQUAL LENGTHS.

ANDOTHAT COMPLETES LESSON 7 - YOU WILL LEARN MORE ABQUT VECTORS
IN LESSONS 10 AND 11.  HOWEVER, THE NEXT MODULE IS "6 LESSON®
WHICH DEALS WITH LOGICAL AND RELATIONAL PRIMITIVE FUNCTIONS.



YLOAD 46 LESSON 8
INCORRECT COMMAND
JLOAD 46 LESSONS8

SAVED 18,46,37 10/06/75

PRIMITIVE RELATIONAL AND LOGICAL FUNCTIONS:
< < = 2 > ® v A ~
'START

COPYRIGHT 1975, IBM CORPORATION.

THIS LESSON IS THE FIRST OF 2 DISCUSSING RELATIONAL
AND LOGICAL PRIMITIVE FUNCTIONS, AND HERE ARE THOSE
WE :SHALL LEARN ABOUT IN THIS MODULE:

< < = > > ® v A ~

THESE FUNCTIONS TEST THE TRUTH OF A STATEMENT, AND ALWAYS
"RETURN A 1 IF THE RELATIONSHIP IS TRUE, OR 0 IF FALSE.

" THEY WORK LIKE THIS:

A<B YIELDS: 1 IF A IS LESS THAN B; O OTHERWISE ‘

AsB ve 1 IF A IS LESS THAN OR EQUAL TO B; 0 OTHERWISE

A=B ' 1 IF A IS EQUAL TO B; 0 OTHERWISE R

Az2B ' 1 IF A IS GREATER THAN OR EQUAL TO B; O OTHERWISE

A>B ' 1 IF A IS GREATER THAN B; 0 OTHERWISE

‘A=B v 1 IF A IS NOT EQUAL TO B; 0 OTHERWISE v

AVB re 1 IF EITHER A OR B IS EQUAL TO ONE; 0 IF BOTH A AND B Al
AAB ' 1 IF BOTH A AND B ARE EQUAL TO 1; 0 IF EITHER A OR B IS
~A v 1 IF A IS EQUAL TO 0; 0 IF A IS EQUAL TO 1

HERE ARE SOME EXAMPLES OF EXPRESSIONS USING THESE FUNCTIONS:

526

ivO0

1A0

~0
“0.5234

122

[y



3>5

1<6

755
0

THE BALANCE OF THIS LESSON CONSISTS OF EXPRESSIONS LIKE
THE ABOVE EXAMPLES, AND YOU HAVE TO ENTER ANY ONE OF:

1 -- IF YOU THINK THE RELATIONSHIP IS TRUE
0 -- IF YOU THINK THE RELATIONSHIP IS FALSFE

HELP -- IF YOU DON'T KNOW
STOP -- IF YOU'VE HAD ENOUGH

THE FUNCTIONS A (AND) v (OR) AND ~ (NOT) REQUIRE LOGICAL
ARGUMENTS - THAT MEANS THEIR ARGUMENTS MAY BE ONLY 1'S

OR 0°'S,

IF YOU DON'T TYPE "STOP", THE LESSON WILL AUTOMATICALLY
TERMINATE AFTER YOU'VE ANSWERED 50 PROBLEMS, AND, WHEN
IT DOES, YOU'LL BE TOLD YOUR PERCENTAGE OF CORRECT ANSWERS.

WHENEVER YOU'RE READY TO BEGIN, TYPE:

READY
“5<y
1

CORRECT!

RIGHT!
ivi
.
CORRECT !
1T

0

~ gooD!

ovi

1

RIGHT!

READY



“3210
1

CORRECT!

~1

GooD!

8= 4

1

RIGHT!
6> 4

1

CORRECT!

6>9

GOOD!}
9>73
1
RIGHT!
0=9
0
CORRECT

129

RIGHT!

. 7s4
0
CORRECT!

1v1

L GoeD




RIGHT!
7274
1

CORRECT!

RIGHT!
ivi

1

CORRECT

7s5

RIGHT{
| ~0
1
CORRECT!

| 8=l
1
.Goob!'

232

o

RIGHT!

CORRECT



RIGHT!
3s3

1

CORRECT!

5> 5

Goop?!
929

) A

RIGHT!

0AO

0

CORRECT!
T2=6

0 .

GooD?

3>9

RIGHT!
1vi

1

CORRECT!

0>7

RIGET!

B



ivi
1

CORRECT!

RIGHT!
1A0

0

CORRECT
8>"8

1

GOOD!
iv1

1

RIGHT!
~0

1

CORRECT!

10”3

GooD!

827
i
RIGHT!
N
-0
CORRECT!

9<5

AR

oy Ny
Gl



AND THAT'S THE END OF LESSON 8!
SCORE: 100 of/o (50 CORRECT IN 50 ATTEMPTS)

ATTENTION
READY[16]
—)1 6 .. .
THE NEXT MODULE IS 46 LESSONS , IN
WHICH THIS TOPIC WILL BE CONTINUED.

.. 41""¥1~



)LOAD 46 LESSONS
SAVED 18.46,58 10/06/75

THIS MODULE DISCUSSES EXTENDED USES
OF RELATIONAL AND LOGICAL FUNCTIONS.

START

COPYRIGHT 1975, IBM CORPORATION.

IN THIS MODULE WE SHALL EXAMINE SOME EXTENDED USES OF
THE LOGICAL AND RELATIONAL FUNCTIONS DISCUSSED IN THE
LAST LESSON.

TO BEGIN, LET'S DEFINE 2 MORE PRIMITIVE FUNCTIONS:

NAND - WRITTEN: =« (~ OVERSTRUCK BY A)
NOR - WRITTEN: » (~ OVERSTRUCK BY V)

AND THEY MEAN “NOT AND™ AND "NOT OR" RESPECTIVELY.
THEY WORK LIKE THIS:

AnB IS THE SAME AS: ~AAB
ANB IS THE SAME AS: ~AVB

AND, OF COURSE, THE ARGUMENTS MUST BF LOGICAL TYPE
DATA (1 OR 0).

THIS MODULE WILL CONSIST OF UP TO 50 PROBLEMS OF THIS TYPE:
(5273)wuz6

AND YOU HAVE TO ENTER WHAT YOU THINK APL'S EVALUATION
OF THE EXPRESSION WILL BE.

NO “HELP” IS PROVIDED IN THIS MODULE, AND YOU WILL BE
PERMITTED ONE ATTEMPT ONLY AT EACH EXPRESSION.

THE LESSON WILL TERMINATE AFTER 50 PROBLEMS, OR IF

. YOU ENTER: STOP .
INSTEAD OF THE ANSWER. EITHER WAY, YOU WILL RECEIVE

A “SCORE" INDICATING YOUR PERCENTAGE OF CORRECT ANSWERS.

Goﬁ.l.....

(22="9)=u=20
1

CORRECT!




(8<8)n3=16

1

1
GOOD!
(7="1)%®1>9
1
RIGHT!
(15<76)=0>11
0
CORRECT!
(14=10)vi<21
1
GOOD!
(4="5)=u>23
1
RIGHT!
(2u="9)v 4s3
1
bORRECT!
(18<u)w 156
1
GOOD!
(1522)=0210
0
RIGHT!
(15<71)~ 3>2u
1
CORRECT
(857 7)%027
GOOD !

(12s7)A2<18
0

RIGHTY



-03-

(24<"1)a"us<10

1
CORRECT!
(10<76)=u<11
0
GOoD?}
(21273)v3<7
1
RIGHT!
(22s9)» 2>2u
1
CORRECT!
(2u26)%2>12
0
GOoOD!
(24=25)w4216
. ,
RIGHT!
(15277)A1<22
1
CORRECT!
(18=5)n3222
1
.COOD!
(18<0)Au<19
0
RIGHT!
- (2329)22=13
Ly
CORRECT!
(8275)m0<14
.

I IRNIS



9-04-
 CORRECT!

(627)v0=13

1
RIGHT
(20<79)A2<25
0
CORRECT!
(21<u4)»0<19
0
Goor!
(6>6)="u=18
1
RIGHT!
(729)% 1<6
1
"CORRECT!
(5571)%3<18
0
GooD!
(10<7)=5s1
0
RIGHT!
(610)=4<16
1
,CORRECT!
(19=6)%2<3
0
Goovt
(18<75)A"4>17
0
 RIGHT!
| (18s2)A1=3
0




19-05-

(19>7)n0<H

0
GOOD"
(11>2)=1<8
0
RIGHT!
(720)v 127
1
CORRECT!
(19>4)% 222
0
GoOoD!
(13273)%0=19
0
RIGHT!
(9="6)n2217
1
CORRECT!
(14>"u)=u>1u
0
GOOD !\
(12=7)=%5<23
1
RIGHT!
(1525)»"3<21
0
' CORRECT!
(1s6)=22=19
0
GooD!
(11=6)~ 3<13
1

"~ RIGHT!



9=-06-.

(621)=1>1

0

CORRECT!
(21<1)%2>10

1

GooD!
(20>77)="1=10

0

RIGHT!
(2<5)="u<6

1

CORRECT!
(21s76)viz12

0

GooD!

AND THAT'S IT FOR RELATIONAL AND LOGICAL FUNCTIONS!
SCORF: 100 o/o (50 CORRECT IN 50 ATTEMPTS)

THE NEXT MODULE IS "6 LESSON10", IN WHICH
WE'LL DISCUSS REDUCTION AND SCAN.



T e

0-01-

YLOAD 46 LESSON19

v

0

SAVED 18.24,47 10/06/75

LESSON 10

IN THIS MODULE WE SHALL LEARN ABOUT REDUCTION AND SCAN.
AND CONTINUE OPERATIONS UPON VECTORS. |

START
COPYRIGHT 1975, IBM CORPORATION.
LESSON 10

IN THIS MODULE WE SHALL LEARN ABOUT REDUCTION AND SCAN,
AND CONTINUE OPERATIONS UPON VECTORS.

*REDUCTION' REDUCES THE COMPONENTS OF A NUMERIC VECTOR
TO A SINGLE ELEMENT WHICH REPRESENTS THEIR SUM, PRODUCT,
MAXIMUM, MINIMUM, ETC., AS THE CASE MAY BE. IT IS, IN
EFFECT, A SHORT-HAND WAY OF INSERTING THE SAME PRIMITIVE.
FUNCTION BETWEEN ALL THE ELEMENTS OF A NUMERIC VECTOR.

'SCAN' RETAINS THE DfMENSIONS OF THE ARGUMENT, BUT APPLIES
THE PRIMITIVE FUNCTION TO CONTINUING SUBSETS OF THE ARGUMENT.

THE FORMAT FOR REDUCTION IS:
(PRIMITIVE FUNCTION) / ARGUMENT
WHILE THE SCAN FORMAT IS:
(PRIMITIVE FUNCTION) \ ARGUMENT
AND NCW, LET'S LOOK AT SOME EXAMPLES:

V<1 2 3 4 5

+/V
15

WHICH APL EXECUTED AS IF IT HAD BEEN:

1 +2+3+4+5

" AND:

+\V
1 3 6 10 15

WHICH APL EXECUTED AS IF IT HAD BEEN:
(1) (1+2) (1+2+3) (1+2+3+u) (1+2+3+u+5)

NOTICE THE RELATIONSHIP BETWEEN ‘'REDUCTION' AND 'SCAN®
IF WE DEFINE THE EXECUTION OF THE ABOVE 'SCAN' EXAMPLE

~T0 BE:

(+/1) (+/1 2) (+/1 2 3) (+/1 2 3 &) (+/1 2 3 4 5)



' | SOME EXAMPLES OF

i

|
[
i

REDUCTION AND SCAN OPERATIONS:

ot bt o v

: +/ PLUS REDUCTION SUMMATION)
é | -/ NEGATIVE  REDUCTION ALTERNATING SUM)
- #\ PLUS scAN SUMSCANNING)
x\ TIMES SCAN PRODUCT-SCANNING)
x/ TIMES REDUCTION PRODUCT )
[/ MAXIMUM  REDUCTION LARGEST)
A/ VAND' REDUCTION
; AND SO ON.

'PLUS SCAN' WILL PROVE VERY USEFUL WHEN GRAPHING
A SERIES OF COORDINATES, AS WE SHALL SEE IN A
LATER MODULE WHEN WE LOOK AL SCAN IN GREATER DETAIL,

IN THIS MODULE, WE'RE GOING TO SOLVE SOME REVIEW

PROBLE!}MS ON VECTORS, AND THEN SOLVE SOME EVERYDAY
PROBLEMS INVOLVING THF OPERATION OF REDUCTION OF

NUMERIC VECTORS.

IF YOU GET STUCK. TYPE: HELP

HERE GOES.....

IN ONE WEEK A MAN SMOKED 86 97 59 CIGARETTES :

OF 3 BRANDS, WHICH COST, RESPECTIVFLY, 3 5 8 CENTS PER CIGARETTE.
WHAT'S THE TOTAL COST FOR EACH BRAND? )
86 97 59x3 5 8

258 u85 u72

0.K.

A COCKTAIL RECIPE REQUIRES 3 4 1 2 5 UNITS OF 5 LIQUORS FOR 8 PEOPLE
HOW MANY UNITS DO YOU NEED TO MAKE ONE DRINK?

2
.

2 58
0.5 0.125 0,25 0.625

(&0 ol

7

3
0.
0

W F

YOU'VE JUST PURCHASED AN ODD LOT OF S BOARDS,

WHOSE LENGTHS ARF 10 6 8 9 12 FEET,

HOWEVER, YOU STOREROOM CAN ONLY HOLD BOARDS OF 17

FEET OR LESS, THE LONGER ONES MUST RE TRIMMED TO THIS
LENGTH. WRITE AN APL EXPRESSION WHICH CALCULATES

THEIR LENGTHS AFTER TRIMMING:

HELP
IT WOULD BE GOOD IF YOU TRIFD TO ANSWER THE PROBLEM;
HOWEVER, IF YOU CAN'T, TYPE "HELP~ AGAIN.

HELP
106 8 9 12 L 7

02- ¢ STUDENTS EARNED GRADES OF 55 56 40 46 86 81 IW A mEST.
- ARD, UPON RE-TEST, SCORED 69 64 49 75 97 83 RESPECTIVELY.



03-

THE RES

ENTER AN APL EXPRESSION WHICH SELECTS ONLY
THE HIGHER SCORE FOR EACH STUDENT:

55 56 40 46 86 81769 64 49 75 97 83
69 64 49 75 97 83
0.K.

YOU ARE A STORE OWNER WHO HAS A NUMBER OF ACCOUNTS

WITH 2 1 °3 3 1 0 ~2 DOLLAR BALANCES.
YOU WOULD LIKE TO KNOW WHICH ACCOUNTS ARF OVERDRAWN.

WRITE AN APL EXPRESSION WHICH NOT ONLY DETERMINES
WHICH ACCOUNTS ARE LESS THAN ZERO, BUT ALSO

"RETURNS A LOGICAL VECTOR AS THE RESULT:

1

"3 310 2<0
10001

S owN
51

° °

YOU'VE JUST PURCHASED AN 0DD LOT OF 3 BOARDS,

WHOSE LENGTHS ARE 12 6 10 FEET.

HOWEVER, YOU STOREROOM CAN ONLY HOLD BOARDS OF 1

FEET OR LESS, THE LONGER ONES MUST BE TRIMMED TO THIS
LENGTH. WRITE AN APL EXPRESSION WHICH CALCULATES
THEIR LENGTHS AFTER TRIMMING:

12 6 1017
76 7

OOK.

THOSE WERE SOME EXAMPLES WHICH SHOWED YOU HOW
T0 SOLVE PROBLEMS WITH TWO VECTORS, OR ONE
VECTOR AND A SCALAR.

IT IS POSSIBLE TO SOLVE PROBLEMS WITH MORE
THAN TWO ARGUMENTS IN A SIMILAR MANNER,
PROYIDED THEY ARE SCALARS OR VECTORS OF THE
SAME LENGTH.

RECALL OUR SMOKER:

THE CIGARETTES HE SMOKED:

CIG+T72 79 99 51

oS

ECTIVE COSTS:

CoST«1 7 4 3

THE COST PER BRAND VECTOR:

CIGxCOST
72 553 396 153

HEﬁNOW WANTS TO KNOW THE TOTAL COST FOR ALL THE
CIGARETTES HE SMOKED, S50 WE MUST ADD
UP ALL THE ELEMENTS OF THIS VECTOR.

LET ME ASSIGN THE COST PER BRAND VECTOR TO A VARIABLE:

TOTAL«CIGXCOST



TOTAL
72 553 396 153

IT IS POSSIBLE TO SUM ALL THE ELEMENTS OF “TOTAL™ BY:

+/TOTAL
1174

THE REDUCTION SYMBOL (/) MEANS THAT THE FUNCTION

TO ITS LEFT IS APPLIED TO ALL THE ELEMENTS TO ITS
RIGHT.

IN THE EXAMPLE, APL EXECUTED "+/TOTAL" AS IF IT WERE:

72 + 553 + 396 + 153
HOW ABOUT THIS:

YOU HAVE A RECTANGULAR BOX WHOSE DIMENSIONS
ARE 2 15 3 INCHES, AND YOU WANT TO FIND ITS
VOLUME IN CUBIC INCHES.

YOU'RE GOING TO DO THIS IN TWO STEPS.

FIRST: ASSIGN THE DIMENSIONS TO A VARIABLE
OF YOUR CHOICE:

DIM«2 15 3

O.X. - NOW FIND THE VOLUME (DON'T ASSIGN):
x/DIM : A

90

0.K. : '

THE SYMBOL ‘'/' REDUCES A NUMERIC VECTOR TO A
SINGLE COMPONENT REPRESENTING THEIR SUM, PRODUCT,

MAXIMUM, ETC., AS THE CASE MAY BE.

IT IS CALLED REDUCTION.

TRY THIS:

'DUEBAL' IS THE NAME OF THE VECTOR WHICH CONTAINS THE
ACCOUNT BALAKCES FOR ALL THE CUSTOMERS OF YOUR STORE.

DUEBAL+ 5.65 7,40 12,15 22,90 19,90 5.15 29,65

YOU WOULD LIKE TO DETERMINE THE LARGEST AMOUNT OWED.

ENTER AN APL EXPRESSION WHICH DETERMINES THIS:

[ /DUEBAL
29,65

0.]\'5 . : V ’
NOW YOU WANT TO KNOW IF THERE ARE ANY NEGATIVE

‘BALANCES - HOW DO YOU FIND THAT?

YOU MAY ASSIGN, BUT DON'T ASSIGN THE FINAL EXPRESSION:
DUEBAL<0 - |

0000000



s

e

T . o

\
\& Y

ODK.

THIS IS THE VECTOR WHICH INDICATES THE NEGATIVE
BALANCES. NOW DETERMINE IF THERE ARE ANY:

v/DUEBAL<O
0 .
GOOD - THE O SHOWS YOU THAT THERE ARE NO NEGATIVE BALANCES.

AND THE NUMBER OF NEGATIVE BALANCES CAN BE OBTAINED
BY 'PLUS' (INSTEAD OF 'OR') REDUCTION:

+/DUEBAL<0

YROOT' IS A VECTOR WHICH CONTAINS THE SQUARES
OF THE ROOTS OF A SET OF EQUATIONS:

ROOT« 1.u481 ~1.394 2,483 0.196 4,899 0.385
YOU WANT TO DETERMINE WHICH OF THEM IS THE SMALLEST.
ENTER AN APL EXPRESSION WHICH DETERMINES THIS:
L /ROOT
1.394

_GOOD'
NOW DETERMINE IF EVERY EQUATION HAS REAL ROOTS:

YOU MAY ASSIGN BUT DON'T ASSIGN THE FINAL FXPRESSION‘.'

‘ROOTZO

101111

0.K. - THIS IS THE VECTOR WHICH SHOWS THE REAL ROOTS.
NOW FIND OUT IF EVERY ROOT IS REAL:

A/ROOT20

0

" GOOD - THE O SHOWS YOU THAT AT LEAST ONE ROOT IS NOT REAL.

AND THAT'S IT FOR THE SECOND OF THREE MODULES
ON VECTORS. THE NEXT MODULE (46 LESSON11) COMPLETES
THE TOPIC.
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JLOAD 46 LESSON11
SAVED 18,25.30 10/06/75
START

LESSON 11
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NUMBERS, INCLUDING SCALARS AND VECTORS, CAN BE “RESHAPED" INTO
OTHER DIMENSIONS BY USING THE DYADIC FORM OF: p

THE GENERAL FORM:
Mo N

GENERATES MANY THINGS - SO LET'S LOOK AT SOME EXAMPLES:

NOTICE THAT THE RIGHT ARGUMENT, N, IS AUTOMATICALLY REPEATED (IF
NECESSARY) TO FILL THE DIMENSION SPECIFIED BY “M".

3p125
1 2 3

NOTICE, ALSO, THAT ONLY THE FIRST "M“ COMPONENTS OF “N" ARE USED
(AGAIN, IF NECESSARY)

vow, IF "m" HAPPENED T0 BE A VECTOR ITSELF WE WOULD GENERATE AN
ARRAY WHOSE RANK (NUMBER OF DIMENSION§ HONE MIGHT SAY) WOULD BE
EQUAL TO THE NUMBER OF COMPONENTS IN 'M .

FOR EXAMPLE:

2 3p1rb
1 3
L 5 ©

]

AND:

3 4p'THISBOOK'

TEIS
BOOK
‘THIS

NOW WE'LL DO SOME PROBLFMS ON RESHAPING VECTORS.

USE "p” 70 GENERATE A VECTOR OF DIMENSION 20
WHOSE COMPONENTS CONSISTS OF THE ELEMENTS OF VECTOR 45 33 8 35

QOpRS 33 8 35
CORRECT

You bPELIFIED
G 32 & 35 45 33 8 35 45 33 8 35 45 33 & 35 %5 33 & 35



THAT WAS QUITE EAGY, WASR'T IT?
YOU'LL HAVE A CHANCE TO USE »p

ON LARGER RANK ARRAYS IN LESSONS
17 AND 18.

THERE'S ANOTHER PRIMITIVE FUNCTION WHICH IS VERY
USEFUL FOR GENERATING VECTORS. IN FACT, IT'S CALLED
THE “INDEX GENERATOR" (ALS0 “IOTA™ (THE GREEK "I")
BECAUSE IT'S SYMBOL IS: ).

FOR EXAMPLE:

W
GENERATES A VECTOR OF LENGTH "N WHOSE COMPONENTS ARE:

1 2 3 4 o o o |}

THE SAME AS THE INDEX ORIGIN (1 OR 0) WHICH WE'LL LEARN
MORE ABOUT IN LESSON 189.

HERE ARE SOME EXAMPLES OF INDEX VECTORS:

118
1 2 34 56 78 910 11 12 13 14 15 16 17 18

13
1 2 3

11

GENERATE AN INDEX VECTOR OF LENGTH 1?
(i

112
GooD!?

ARITEMETIC CAN BE PERFORMED UPON INDEX VECTORS, T0OO -
THEY'RE JUST LIKE OTHER VECTORS.
FOR EXAMPLE:

4 56 7 8 9 10
" CAN BE GENERATED RY: 3417

AND:

2 71012 34

CAN BE GENERATED BY: “3+17

NOW YOU TRY A FEW.uuooo

(R T

ENTER AN EXPRESSION (USING ) WHICH GENERATES:

3 4 567

- Lis

2415

VERY GOOD!

ENTER AN EXPRESSION (USING "\") WHICH GENERATES:
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Tg4+16

VERY GOOD:I

UsE “1" TO GENERATE THIS SERIES OF ODD NUMBERS:

1 35 7 9 11 13 15 17 19 21 23 25 27 28

{i: _
1+2x115

oK.
EERFYS A DIFFERENT QUESTION:
FIND THE DIMENSION OF VECTOR "4 :
{2
pA
0 weo«  SURPRISED?27?
IT REALLY IS A VECTOR WHOSE DIMENSION IS ZERO!
IT'S CALLED A “NULL™ OR “EMPTY"
VECTOR, AND I CREATED IT BY USING: 10
WHICH IS: W (WHERE N+«0).

NOW THIS VECTOR (THE NULL VECTOR) WILL BE .
VERY USEFUL LATER ON WHEN WE DISCUSS BRANCHING ,
50 REMEMBER IT}

WE OFTEN NEED TO SELECT A PARTICULAR COMPONENT OF A VECTOR,

THIS WE CAN DO BY SPECIFYING THE INDEX (POSITION) OF THE

DESIRED COMPONENT IN THE VECTOR. THE FORMAT FOR AN INDEX
IS THE VECTOR NANE, FOLLOWED BY THE INDEX SURROUNDED BY
SQUARE BRACKETS .

FOR EXAMPLE:

V«0 11 1 4 8 &

vial

vi2]
11

(110)[31]
3

(8+110)[8]
16

NOW YOU TRY SOME:

qsé IFDEXING TC SELECT COMPONENT 5 FROM VECTOR "V':
b vEs5]

VERY GOOD!

USE INDEXING TO SELECT COMPONENT 8 FROM VECTOR "Vt
H vigl

VERY GOOD:

LOOKS LIKE YOU'VE GOT' THE HARG OF THAT ...«
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IF YOU WISH TO SELECT MORE THAN 1 COMPONENT
THE INDEX, ITSELF, MAY BE A VECTOR.

FOR EXAMPLE :

(V<1 2 7 9 43 18 0 8)[1 7 8]

1 0 8

vii 3 5]
1 7 u43

vigs 1 5]
8 1 43

YOUR TURN AGAIN:

USE INDEXING TO SELECT COMPONENTS 2 8 4 2 5 FROM VECTOR BN
o V2 8 4 2 5]

RIGHT! |

USE INDEXING TO SELECT COMPONENTS 4 4 8 FROM VECTOR "V”

= Vis 4 8]

RIGHT!

NOW -~ USE INDEXING TO SELECT ALL THE ODD-NUMBERED

COMPONENTS OF VECTOR "V~ - AND ALL I'LL TELL YOU
IS THAT oV IS 175.

Li: -
VI 1+138]
INDEX ERROR
U VL 1+138]
A
e
V[ 1+138]
INDEX ER@OR
L VI 141381
A
Lis
HELP

THIS ONE'S JUST LIKFE ONE YOU SOLVED A FEW MINUTES AGO!
REMEMBER WHERE YOU HAD TO GENERATE A VECTOR WHOSE
COMPONENTS WERF: 1 3 5 7 9 11 13 15 17 19 21 23 25 27 298 7
YOU CAN SOLVE THIS PROBLEM THE SAME WAY!

NOW TRY IT AGAIN.

Lis

VL 7142%138])

VERY GOOD!
HERE'S THE RESULT:
13 32 13 63 25 39 3 43 95 1L 10 8 26 79 35 81 66 58 26 48 61 76 96 4

(X3

AND VT WAS:

43 20 32 63 42 B6 63 81 25 48 39 21 3 91 43 15 95 #2 1iu4 89 10 17 8 37

§2 76 47 96 64 uk 83 69 74 99 96 86 29 54 52 11 42 58 88 us 73 87 7

WOoW LETYS EXAMINE THE DYADIC USE CF IOTA (i).
DYADIC « IS VERY USEFUL FOR ANSWERING THESFE
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- gt

R

QUESTIONS:

1. IS "N" (SCALAR OR VECTOR) A COMPONENT OF VECTOR "Vv"

2, IF IT IS, WHICH COMPONENT IS IT?
THE GENERAL FORM OF DYADIC IOTA:.

[ ;
ISR AY A

YIELDS ONE OF:

1. THE INDEX OF THE FIRST OCCURENCE OF N IN 'V .

RN N2
ce _ oo

2. 1+pV IF “N" DOES NOT OCCUR IN "'V

— e T

AND THIS IS SO SIMPLE THAT I'M GOING TO LET YOU

. TRY IT YOURSELF RIGHT NOW - BUT IN A MANNER YOU

HAVE NOT YET SEEN IN THIS COURSE!

THERE'S A VECTOR IN THIS WS CALLED "V, AND I WANT TO
KNOW IF 7 IS A COMPONENT OF THAT VECTOR.

YOU MAY ENTER ANY EXPRESSIONS YOU CHOOSE, AND I‘LL -
EVALUATE THEM FOR YOU. WHEN YOU THINK YOU KNOW,
ENTER: YES -- IF 7 IS IN V

OR: NO -- IF V DOESN'T CONTAIN A 7

IF YOU ENTER ANYTHING OTHER THAN “YES" OrR "NO™,
AFTER I'VE EVALUATED IT FOR YOU, I'LL PRINT:

" KEEP TRYING!

UNTIL YOU ENTER "YES™ OR "NO",
ALL YOURS.....

[1e

7V
RANK ERROR
Lis YRR

A
[

Va7
7
KEEP TRYING!
[t

YES

o

KEEP TRYIRG!
[1:
p¥
6
?EEP TRYTING!
NG
1

RIGHT! ‘
7 IS NOT IN V, BECAUSE V<16 AND: VA7 YIELDS: 7 (1+pV).

NOW LET'S TRY ANOTHER PROBLEM:

SAME RULES AS THE LAST ONE, EXCEPT INSTRAD OF A "YES™

OR\"HO", I'D LIKFE YOU TO ENTER AN APL EXPRESSION:

WHAT'S THE INDEX OF 20 IN V? (A NEW V.)

(e

?



V120
26

CORRECT.
BECAUSE V WAS:
18 5 23 22 23 14 4 12 25 ¢ 12 8 13 23 11 12 21 10 6 25 u 16 16

DYADIC 1 CAN BE USED ON LITERAL VECTORS.

ALSO, THE RIGHT ARGUMENT MAY ITSELF BE A VECTOR,

IN WHICH CASE THE RESULT WILL BE A VECTOR OF INDICES.
THE LEFT ARGUMENT, HOWEVER, MUST ALWAYS BE A VECTOR.

LET'S EXAMINE 2 MORE PRIMITIVE FUNCTIONS:

@? NtV  TAKES (SELECTS) THE FIRST N COMPONENTS OF V
[\ N¥V DROPS (DISCARDS) THE FIRST N COMPONENTS OF V

IF "N" IS5 & POSITIVE INTEGER. IF "N 15 NEGATIVE, CHANGE

FIRST TO READ “LAST",

HERE ARE SOME EXAMPLES:

3+V+110
i 2 3
3vV :
4 5 6 7 8 g 10
T34V
8 9 10
T34V

1 2 3 4 5 6 7

NOW IT'S YOUR TURN (AND NO “HELP™1).

HERE'S ANOTHER "V
15 7 9 14 14 5 17 15 17 2 2 16 13 5 5 2 8 20 19 8

TAKE THE FIRST 10 COMPONENTS OF v
T 104y

- DROP THE LAST 15 COMPONENTS OF V

Lis
: T154¥

DRCP THE FIRST 19 COMPONENTS OF v
: 1941

VERY GOOD! ' , ' ' :
YOU SHOULD NOW BE ABLE TO AKSWER THIS LAST QUESTION:

EVALUATE :

A/(T104V)=10+V<120

ide -

1

EXCELLENT?

e e e e e e e e et et e s



AND THAT'S ALL WE SHALL SAY ABOUT VECTORS.

THE NEXT MODULE IS "u6 LESSOff12M" WHICH,
DESPITE ITS "M" SUFFIX, REALLY WON'T BE
VERY DIFFICULT, BECAUSE TYPING:  HELP
IF YOU'VE FORGOTTEN A FORMULA WILL GET
YOU AS MUCH ASSISTANCE AS YOU'LL NEED.

HOWEVER, IF YOU'RE STILL CHICKEN, YOU MAY
PROCEED DIRECTLY TO 46 LESSON13 ,
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YJLOAD 46 LESSO012M
SAVED 13.,36.46 02/17/75
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YOU ARE NOW FAMILIAR WITH VECTORS, PRIMITIVE FUNCTIONS, AND SPECIFICA

- LET'S TAKE A LOOK AT SOME APPLICATIONS OF THESE THINGS COMBINED.....

HERE'S A PROBLEM:
WHAT IS APL'S EVALUATION OF:
3-4-(6-(2-7))-8

BE CAREFUL!
2 .

OK. LET'S CONTINUE.....

THERE IS A VECTOR, R, IN THIS WS,
DISPLAY IT:

R
15 15 20 18 5

- GOOD!

NOW I'M GOING TO CHANGE THE VALUE OF "R" (WE'LL USE THE NEW VALUE LAT

"THERE IS A FUNCTION “o" (UPPER CASE “0")

WHICH WILL BE DISCUSSED IN GREATER DETAIL IN LESSON 22M,

~ FOR NOW, JUST REMEMBER THAT THE EXPRESSION:

oX
MEANS : 0 x X (WHERE o IS 3,141592654)

YOU WILL RECALL THAT I SAID THAT I'D CHANGED THE VALUE OF "R”
CHANGED IT TO -BE THE RADIUS OF A CIRCLE.

WELL,

NOW, SPECIFY “P" AS THE CIRCUMFERENCE OF A CIRCLE OF RADIUS "R

{:
P+«02xR

GOQ L) ! L1 (1]
YOUR "P" IS: %3.98229715

NOW, LET'S GO A LITTLE FARTHER.....

SPECIFY “A0” TO BE THE AREA OF A CIRCLE OF RADIUS “R”.

YOTE: FROM NOW ON, IF A QUESTION CATCHES YOU OFF GUARD, TYPF: HELP



AO<+«ORXR

VERY GOOD
YOUR "40" IS: 153.93804

NOW SPECIFY “A1" TO BE THE AREA
OF THE SQUARE INSCRIBED BY THE CIRCLE.

{is
Al«uxT
v

v
RxR

. VERY GOOD., YOU'RE COMING ALONG THERE;

HERE'S ONE QHAT'S A LITTLE HARDER:
SPECIFY A2 AS THE AREA OF THE SQUARE
CIRCUMSCRIBED BY THE CIRCLE.
[J:

A2+2xRxR
- GO00000000000D Y

NOW FOR A CHANGE OF PACE!

WHAT IS THE DIFFERENCE BETWEEN THE AREAS OF THE TWO SQUARES?
(REMEMBER - THEIR INDIVIDUAL AREAS HAVE ALREADY BEEN SPECIFIEDY)
R _

Al1-42 :
OK. BUT THAT PROBLEM WAS TOO EASY.

gEﬁE'S ESSENTIALLY THE SAME PROBLEM, BUT MADE MORE DIFFICULT:

P", "A0", "A1", AND "A2" HAVE BEEN ERASED,
AND I'VE CHANGED THE VALUE OF “R" (THE RADIUS).

NOW - IN ONE LINE (ONE APL EXPRESSION) FIND THE
DIFFFRENCE BETWEEN THE INSCRIBED AND CIRCUMSCRIBFED SQUARES
[is ' ' '
2xRxR )
. VERY GOOD,
YOU'RE GOOD AT CIRCLES AND SQUARES.

EERE'S A DIFFERENT PROBLEM - NOT TOO DIFFICULT:

IMAGINE A RIGHT TRIANGLE, WITH SIDES "A”, "B, anD “c”,
WHERE SIDE "C" IS THE HYPQTENUSE.

I'VE ALREADY SPECIFIED "A" AND "B~ - . -
NOW YOU (IN ONE LINE) FIND "Cc". 9
C<((AxA)+BxB)* .5

EXCELLENT! MR, PYTHAGORAS COMMENDS YOU.

' ¥OW SPECIFY “AREA" TO BE THE AREA OF THE TRIANGLE.
] ’
AREA+« ,5x/AxB



RIGHT!

NOW LET'S TRY A HARD QNEi _
IN ONE LINE, SPECIFY AC AS THE AREA OF
OUR TRIANGLE - REMEMBER, ONE LINE'!
O
AC+«0( .,5x((AxA)+BxB)x*,
v .
O((AxA+BxB)+u
SYNTAX ERROR
[is AC+O( (AxXA+BxB)+u4
A
1
AC+«O( (AxA)+BxB)+ 4

GooD!

ENOUGH GEOMETRY - LET'S TRY ALGEBRA.

e e

IF JOHN HAD J DOLLARS, AND HE GAVE F TO
FRANK AND "M" TO MARY,
HOW MANY DOES HE HAVE LEFT?

. o

("g", "F", AND "M ARE ALREADY SPECIFIED.)

0O
(J-F)-M
v
J-F+M
CORRECT!

THIS PROBLEM SEEMS SIMPLE, BUT, AS YOU KNOW,
THERE IS A RIGHT-TO-LEFT SCAN TRAP.

HERF'u THE FINAL PROBLEM:

WHAT IS THE RESULT (I.E., APL'S EVALUATION) OF :

242 242

& 6

WELL DONE'

"YOU HAVE JUST BEEN THROUGH A SET OF A DOZEN PROBLEMS DESIGNED
TO FAMILIARIZE YOU WITH WRITING APL EXPRESSIONS.. -

IN ALL OF THEM, YOU HAD TO REMEMBER:
EXECUTION IS FROM RIGHT TO LEFT
AND YOU PROBABLY WON'T FORGET THAT.

THE NEXT MODULE IS “uwe LESSON13", IN WHICH WE SHALL START
TO DISCUSS DEFINED FUNCTIONS.

——



YOU CAN NOW ENTER A LINE (SAY: X+3p0) AND HIT “RETURN"

YLOAD 46 LESSON13
SAVED 18.,26.,51 10/06/75 .
START

COPYRIGHT 1971, IéM CORPORATION.

APL HAS MANY BUILT-IN FUNCTIONS, SOME QUITE POWERFUL.

BUT IT IS UNLIKELY THAT THESE WILL MEET EVERYONE'S

NEEDS, SO APL ALSO ALLOWS US TO DEFINE OUR OWN FUNCTIONS.
THESE DEFINED FUNCTIONS MAY BE AS COMPLEX AS WE CARE

T0 MAKE THEM, SO THAT FUNCTION DEFINITION IN APL IS
ANALOGOUS TO PROGRAM WRITING IN ANOTHER LANGUAGE.

NOW, IF WE ARE TO BE ABLE TO DEFINE FUNCTIONS, WE MUST
HAVE SOME WAY OF LETTING THE SYSTEM KNOW THAT WE DON'T
WANT OUR DEFINITION STATEMENTS EXECUTED EACH TIME WE

HIT THE “RETURN" KEY - IN OTHER WORDS, WE MUST BE ABLE

S0, WE ENTER DEFINITION MODE BY TYPING: V (UPPER CASE “G™)
AND FOLLOWING IT WITH THE DESIRED FUNCTION NAME.
FOR EXAMPLE:

VFUNCTION1
T0 WHICH APL WILL RESPOND:
(1]

TO INDICATF THAT THE SYSTEM IS PEADY FOR YOUR FIRST LINF
OF THE FUNCTION "FUNCTION1",

WHEREUPON THE SYSTEM WILL RESPOND WITH: [2], THUS:

[1] X«3p0
(2] :

AND YOU PROCEED THUS UNTIL, YOU HAVE ENTERED ALL YOU WANTED T0, AFTER
WHICH YOU ENTFR ANOTHER "V" (CALLED 'DEL') TO LEAVE

DEFINITION }ODE AND RETURN TO EXECUTION MODE,

SOMETIMES, WF SAY THAT DEFINITION IS EITHER “OPEN"

OR "CLOSED", S0 BE PREPARED TO SEE THESE TERMS.

TO PUT IT ALL TOGETEER:

" VFUNCTION1

(11 X«3p0

(23] Ye+/(X[1]«2x4) ,(X[2]«A%+2) ,X[3]«Ax2
[31] Y

[ul Vv

THIS IS ONLY AN EXAMPLE - THE FUNCTION IS REALLY USELESS!
VT IT ILLUSTRATES THE METHOD.

¥OW - I WANT YOU TO START THE DEFINITION OF A FUNCTION CALLED “wow" :



g

VWOW
CORRECT !

I'VE ALREADY DEFINED A FUNCTION IN THIS WS CALLED: HYP
AND YOU'RE GOING TO DISPLAY IT - HERE'S WHAT YOU DO:

VHYPLUIJV
WHICH APL INTERPRETS AS:

v ENTER DEFINITION MODE
VHYD WITH RESPECT TO FUNCTION “HYP"

VHYP[[}] DISPLAY THE ENTIRE FUNCTION
VHYPLLI]V RETURN TO EXECUTION MODE

o6

NOW YOU DO IT - AND DoN'T FORGET TO ENTER THE CLOSING AR

.“

WHER YOU VE DONE THAT TYPE CONTINUE

VHYPLO1V
V C+«A HYP B

C[1]  C<((A%2)+B*2)%0.5

v
CONTINUE

AS YOU SAW, FUNCTION “"HYP" CALCULATES THE HYPOTENUSE OF A

RIGHT TRIANGLE ACCORDING TO THEOREM OF A FAMOUS GREEK. .

HOWEVER - NOTICE THF HEADFR LINE (LINE [0] - WHERE ITS NANF

IS DFFINBD) S A
C+«A HYP B

IHE IAME "HYP IS SIMILAR TO THE PRIMITIVE FUNCTION TN‘A DYAD.'

Qndsxns AZE

OF THE EXECUTION OF “HYP" (WHICH MEANS WE MUST GIVE IT A VALUE

SOMEWHERE IN THE FUNCTION!).
LET ME DEMONSTRATE:

3 HYP 4
5

JUST LIKE A PRIMITIVF DYAD, ISN'T IT9

- $HIS FORM OF DEFINED FUNCTION IS, THEREFORE, CALLED:

DYADIC, WITH EXPLIC{?MR§§QQZ"

Nem nizat P e T e T B A

I'VE ANOTHER FUNCTION IN THIS WS, CALLED: HYPN
WHICH PERFORMS THE SAME CALCYLATION, IS ALSO DYADIC,
BUT HAS NQ EXPLICIT RESULT. TR

DISPLAY IT NOW, AND COMPARE IT TO THE DISPLAY OF "Hyp"

WHEN YOU'RE READY, TYPE: READY



VHYPRLO ]V
vV A HYPN B

(1] C+((A%2)+B*x2)*0.,5
Vv
READY

SINCE “HYPN" HAS NO EXPLICIT RESULT, WE SHALL HAVE TO REQUEST A
DISPLAY OF VARIABLE “C" IN ORDER TO LEARN THE OUTCOME OF ITS
EXECUTION.

NOW, YOU EXECUTE BOTH FUNCTIONS (BY ENTERING: ARGUMENT HYP ARGUMENT)
AND PROVE FOR YOURSELF THAT WHAT I JUST SAID IS, IN FACT THE CASE.

WHEN YOU'RE READY FOR MORE, TYPE: MORE

5 HYP 12
13

C+«5 HYPN 12
VALUE ERROR

C«5 HYPN 12
A
5 HYPN 12
c
13
MORE

WE CAN ALSO DEFINE A MQNADIC FUNCTION,
WITH OR WITHOUT EXPLICIT RESULTS.

HOW MANY ARGUMENTS DO YOU THINK SUCH A FUNCTION WOULD HAVE?

O
1

RIGHT!

I'M NOW GOING TO WRITE A FUNCTION WHICH IS VERY SIMPLF,
BUT DOES ILLUSTRATE THE POINT:

VA<SQUARE B
(1] A+B®»?2
[2] v
OR I COULD EAVE PUT THE CLOSING "vf AFTER THE LAST CHARACTER IN LINEC

VA<SQUARE B
(1]  A«B»2V

EITHER WAY fS ACCEPTABLE.

IT IT ALSO POSSIBLE TO DEFINFE FUNCTIONS WITH NQ ARGUMENTS, AGAIN WIT
OR WITHOUT EXPLICIT RESULTS.  THIS TYPE OF FUNCTION IS CALLED NILAD

HERE®S AN EXAMFPLE:
VCALCULATE
{13 *T"HIS IS A SAMPLE FUNCTION ONLY."®
(21 Ye(X+3:u+@B)x0,5V
AND NOW ITYS YOUR TURN....
HERFYS A LIST OF FUNCTIONS I'D LIKE YOU TO WRITE:

FUNCTION NAME CALCULATION TO BE PERFORMED



TRIAREA AREA OF A TRIANGLE

RECTAREA AREA OF A RECTANGLE

RECTPERIM PERIMETER OF A RECTANGLE

DIST DISTANCE TRAVELLED (I.E., VELOCITY x TIME)
SQRTFN SQUARE ROOT OF A POSITIVE INTEGER

CIRCUM CIRCUMFERENCE OF A CIRCLE

CIRCAREA AREA OF A CIRCLE

SPHEREVOL VOLUME OF A SPHERE

AND HERE ARF THE RULES:

1. ALL FUNCTIONS MUST HAVE EXPLICIT RESULTS - IF THEY DON'T,
I SHAN'T KNOW TO WHICH VARIABLE YOU'VE ASSIGNED THE ‘
RESULT, AND I WON'T BE ABLE TO CHECK IT FOR YOU.

2. IF YOU'VE FORGOTTEN ANY OF THESFE SIMPLE FORMULAE, TYPE:

CANTDO 'FUNCTIONNAME' (E.G., CANTDO 'SPEEREVOL')
AND I'LL DISPLAY AN EXAMPLE OF HOW THAT FUNCTION COULD BE DONE.

3. AFTER FACH FUNCTION HAS BEEN WRITTEN, AND YOU'VE TESTED IT, LET
ME CHECK IT BY TYPING:

CHECK 'FUNCTIONNAME' (E.G., CHECK 'TRIAREA')

IMPORTANT! THE ARGUMENTS OF “CHECK" AND "CANTDO" ARE LITERALS - 50 BE
SURFE TO ENCLOSE THEM IN SINGLE QUOTES!

AND, IN CASE YOU FORGOT, AND ONE OF YOUR FUNCTIONS DOES NQT HAVE

AN EXPLICIT RESULT, YOU CAN RECOVER (FOR THIS LESSON ONLY) FROM
THE RESULTING PROGRAM INTERRUPTION AS FOLLOWS:

1. TYPE IN A RIGHT ARROW (=), THEN HIT “"RETURN".

2. ERASE YOUR FUNCTION - THE ONE WHICH CAUSED THE INTERRUPTION
BECAUSE IT HAD NO EXPLICIT RESULT.

3. RE-DEFINE THE FUNCTION - THIS TIME WITH AN EXPLICIT REoULT

4w, LET ME CHECK IT AGAIN.

BEFORE I LEAVE YOU TO THF RIGORS OF FUNCTION DEFINITION, LET ME
EASE XOUR BURDEN BY STATING THAT I HAVE ALREADY DEFINED A
VARIABLE "PI" TO BE 2237,

AND, WHEN YOU'VE FINISHED THEM ALL, AND I'VE CHFCKED THEM ,
TYPE: FINISHED

VC«A TRIAREA B
[1] C+.5xAxB
[2] Vv
: CHECK 'TRIAREA!'

YOUR "TRIAREA"™ FUNCTION CHECKS OUT OK.

VC«A RECTAREA B
(1] C<«AxBV
CHECK 'RECTAREA'

YOUR "RECTAREA™ FUNCTION CHECKS OUT OK.

C NCev
DEFN ERROR
VCey

A



CANTDO 'RECTPERIN
v

M'
ONE WAY OF WRITING FUNCTION “"RECTPERIM' WOULD BE:

VP<L RECTPERIM W
[1] P<+2xL+W
\Y
VC<+~A RFECTPERIM B
[11] ‘HET GAAT HIER DUS OM DE OMTRE!?
\"
EK!!
(2] C«2xA+BV
1 RECTPERIM 1
HET GAAT HIER DUS OM DE OMTREK!
I
CHECK 'RECTPERIM!
HET GAAT HIER DUS OM DE OMTREK!

YOUR “RECTPERIM" FUNCTION CHECKS OUT OK.

vC V DIST T
DEFN ERROR
0 VvC V DIST T
A
VC+V DIST T
(1] C+VxTV
CHECK 'DIST'

YOUR "DIST" FUNCTION CHECKS OUT OK.

VSQRT+«SQRTFN A
[13] SQRT+A%,5V
CHECH 'S5SQRTFN!
SYNTAX ERROR ’
CHECH'SQRTFRN'
A

CHECK 'SQRTFN'

YOUR "SQRTFE" FUNCTION CHECKS OUT OK.

VC+«CIRCY
A\
UM R
[1] C«2xPIxR
[2] v

CHECK ‘CIRCUM'
YouR “CIRCUM" FUNCTION CHECKS OUT OK.

VC<CIRCAREA R
[1]  C«PxRxRV

CHECK 'CIRCAREA'
VALUE ERROR
CIRCAREAL1] C<«PxRxR

A

YERASE CIRCAREA

SI DAMAGE ~
‘ VC+CIRCAREA R

[11 C+«PIXR%XRV
05~ CHECK YCIRCAREA?

YOUR “CIRCAREA™ FUNCTIOF CHECKS OUT OK.



VV<SPHEREVOL R
[11] Ve+3xU4xR*x3V

CHECK ‘'SPHEREVOL'

YOUR "SPHEREVOL"™ FUNCTION YIELDS AN INCORRECT RESULT.
ERASE, THEN RE-DEFINE IT.

JERASE SPHEREVOL

VV«SPE
v

HEREVOL R
[11 V+3+3xU4xPIxR*3
(21 \' '
CHECK !
v
'SPHEREVOL'

YOUR “SPHEREVOL" FUNCTION YIELDS AN INCORRECT RESULT.
ERASE, THEN RE-DEFINE IT.

.YERASE SPHEREVOL

VV«SPHEREVOL R
(1] V< (uxPIxR%*3):3
(2] \Y

CHECK ‘SPHEREVOL'

®

YOUR “SPHEREVOL"™ FUNCTION CHECKS OUT OK.
FINISHED

THIS CONCLUDES THE FIRST OF 2 MODULES ON DEFINED FUNCTIONS;
THE NEXT ONF WILL BE 46 LESSONi4 WHICH CONTINUES THE TOPIC.
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WHEN YOU HAVE A DEFINED FUNCTION, IT CAN BE MADE AVAILABLE FOR
GENERAL USE IF YOU PUT IT INTO WHAT IS CALLED CONVERSATIONAL
FORM.,

REMEMBER THE “"HYP" FUNCTION FROM LESSON 13? WELL, I'VE ONE IN
THIS MODULE, BUT I'VE CALLED IT "HYPC", AND IT'S A CONVERSATIONAL
VERSION OF "HYP". et s e 1 et

NOW -- DISPLAY: HYPC; EXAMINE IT; AND, WHEN YOU'RE READY TO
GO ON, TYPE: CONTINUE

VEYPCL[)]V
vV HYPC
(1] v
{21 'PHIS FUNCTION CALCULATES THE HYPOTENEUSE OF A RIGHT!
[3] 'TRIANGLE. GIVEN THE LENGTHS OF THE SIDES.'

(ul

[5) "ENTER THE LENGTH OF ONE OF THE SIDES:!'
[6] X<[

[7] A |

N 'ENTER THE LENGTH OF THE OTHER SIDE (SAME UNIT OF MEASURE):'
(9l Yel,

(10] 2«X HYP Y

(11] "¢ :

[12]) 'THE LENGTH OF THE HYPOTENEUSE!

[13] '(IN THE SAME UNITS) IS"

[1‘4] )

{151 2

HYPC

THIS FUNCTION CALCULATES THE HYPOTENEUSE OF A RIGHT
TRIANGLE, GIVEN THE LENGTHS OF THE SIDES.

ENTER THE LENGTH OF ONE OF THE SIDES'
[
1

EN IR THE LENGTH OF THE OTHER SIDE (SAME UNIT OF MEASURE):

C:
1

THE LENGTH OF THE HYPOTENEUSE
(IN THE SAME UNITS) IS:

1.414213562
CONTINUE

I'VE GOT 2 MORE CONVERuATIONAL VERSIONS OF THIS FUNCTION IN THIS WS,
THEY ARE: HYPC1 AND HYPC?2

I WOULD NOW LIKE YOU T0:



1. EXECUTE ALL 3 CONVERSATIONAL FUNCTIONS (YOU DO THIS BY TYPING :
IN THE NAME OF THE FUNCTION YOU WANT EXECUTED). s

2. OBSERVE THE DIFFERENCES IN THE INPUT AND OUTPUT FORMATGS.
3. DISPLAY THEM, AND COMPARE THEIR STRUCTURES.

WHEN YOU'VE DONE THAT, AND ARE READY TO PROCEED WITH INSTRUCTION,
TYPE: READY '

HYPC1
THE HYPOTENUSE OF A RIGHT TRIANGLE
IS SPECIFIED BY THE SQUARE ROOT OF
THE SUM OF THE SQUARES OF THE LEGS.

GIVE ME THE LENGTH OF A LEG OF A RIGHT TRIANGLE .

[ '
1 .

GIVF ME THE LENGTH OF THE OTHER LEG (IN THE SAME UNITS).

[ie
1 B

THE LENGTH OF THE HYPOTENUSE (IN THE SAME UNITS) IS 1.41u4213562
HYPC?2

FUNCTION TO CALCULATE THE HYPOTENEUSE OF A
RIGHT TRIANGLE, GIVEN THE LENGTHS OF THF SIDES.

ENTER THE LENGTH OF SIDE 1:
e ‘
: 1

THE SQUARE OF THE SIDFE WHOSE LENGTH IS 1 IS 1.
NOW SIDE 2 (SAME UNITS):

[1s
1

SIDE 2 IS 1 UNITS LONG.
ITS SQUARE IS: 1.

THE HYPOTENEUSE IS, THEREFORE, 1.414213562.

VHYPC1L[I1V
vV HYPC1 ~

1] ‘T"HE EYPOTENUSE OF A RIGHT TRIANGLE'

(2] ‘IS SPFCIFIED BY THE SQUARE ROOT OF'

[3] ‘?§F SUM OF THE SQUARES OF THE LEGS.'

(sl "

[s] ‘GIVE ME THE LENGTH OF A LEG OF A RIGHT TRIANGLE.'
{6l x<[ ' '

£71 "GIVE ME THE LENGTH OF THE OTHER LEG (IN THE SAME UNITS).'
{81l Y«C
[9] 2<X HYP Y .
[10] 'THE LENGTH OF THF HYPOTENUSE (IN THE SAME UNITS:

v

VHYPC2(LilV

V HYPC?2
[1:} L} ) :
(2] ‘FUNCTION TO CALCULATE THE HYPOTENEUSE OF A® .
{3} "‘RIGHT TRIANGLE, GIVEN THE LENGTHS OF THE SIDES.'
[“} "‘ . ' T
[s] 'ENTER THE LENGTH OF SIDE 1:'

(61 X+l
{71 v ' |
(81 ‘THF SQUARE OF TRE SIDE WHOSE LENGTH IS ViX3t IS X230

e |



. —_— T e p—

0] *NOW SIDE 2 (SAME UNITS)"

[11] Y«D
(121
[13] 'SIDE 2 IS ';Y;' UNITS LONG.'
(14l 'ITS SQUARE IS: '";Y%x2;"
{15] (]
(16] 'THE HYPOTENEUSE IS, THERFEFORE, ';2«X HYP y;!
[17] L ] .

v

READY

IN LESSON 13, YOU WROTE THESE DEFINED FUNCTIONS:

TRIAREA RECTAREA RECTPERIM SPHEREVOL
DisT SQRTFN CIRCUM CIRCAREA

AND TO SAVE YOU SOME BOTHER, I'VE ALREADY COPIED THEM
INTO THIS WS,

HOWEVER, EVERY ONE OF THEM HAS AN EXPLICIT RESULT,
AND HOULD BE USED LIKE THIS

(2] '"DISTANCE TRAVELLED = "3V oISsT T

WHEN YOU CONVERT THEM TO CONVERSATIONAL FORM - WHICH YOU'RE
JUST ABOUT TO DO!

USE FUNCTION NAMES DIFFERENT FROM THE ABOVE LIST, AND
TRY YOUR CONVERSATIONAL FUNCTIONS OUT TO SEE IF THEY
WORK AS YOU INTEND.

WHEN YOU HAVE WRITTEN THEM ALL, AND ARE SATISFIED WITH
THEIR EXECUTION, TYPE: RFSUME

- VDIST1
(1) 'PHIS FUNCTION CALCULATES
' v

SYNTAX ERROR.

(1] 'THIS FUNCTION CALCULA
A
[2] (1]
(1] 'DEZE FUNCTIE BEREKENT DE AFPELFFDF VEG,

(2] 'GEGEVEN DE SNELHEID EN
v

R VAN EEN VOERTUIG EN'
031  'DF TIJD GEC

v .
DURENDE WFLKE HET VOERTUIG ZICH'

[u] 'VERPLAATST,

[51] ‘TYP EERST EEN MAARDE VOOR DE SNELHEID IN (N/SFC)"
[ 6 ] V*r

(7] 'GEEF NU EEN WAARDE VOOR DE TIJD (SEC)

(8] 7«0

[S]  'DE AFGELEGDE WEG IS NU IN METERS:';V DIST T

{101 v

: DIST1

DEZF FUNCTIE BEREKENT DE AFGELEGDE WEF
GEGEVEN DE SNELHEID VAN EEN VOERTUTG FP
DE TIJD GEDURENDE WELKE HET VOERTUIG ZICH
VERPLAATST,

TYP EERST EEN WAARDE VOOR DE SNELHEID IN (M/SFC)

Liz
10
GEEF NU EEN WAAHPF VGOR DE TIJD (SEC)



sorrmoammamern e

S

3 ER
DE AFGELEGDE WEG IS NU IN METERS:30 s
RESUME i

YOU NOW HAVE A JFEEL FOR THE BASICS OF WRITING CONVERSATIONAL FUNCTION:
WHICH USE THE QUAD SYMBOL (F) FOR EVALUATED INPUT.

YOU HAVE SEEN HOW AN EMPTY VECTOR (") ALONE ON A LINE CAN BE USED TO
SPACE PRINTED OUTPUT. wmmmr

YOU HAVE SEEN THAT A LITERAL, ALONE, ON A LINE RESULTS IN ITS DISPLAY
DURING EXECUTION.

YOU HAVE ALSO SEEN THAT A SEMI-COLON CAN BE USED TO SEPARATE LITFRAL

? AND FNUMERIC QUTPUT DATA TO BE PRINTED ON THE SAME LINE,

NOW LET'S LOOK AT HANDLING LITERAL INPUT.
THIS IS DONE IN A SIMILAR MANNER TO EVALUATED INPUT, ONLY YOU USF

THE QUAD QUOTT (L - [0 OVERSTRUCK BY .') INSTEAD OF . F

PG

You USE ThIS m.YPE OF INPUT FOR (USUALLY) PLAIN TEXT DATA.
AND HERE'S ANOTHER PROBLEM WHICH FREQUENTLY CROPS UP:

I'M WRITING THE (SAY) 27TH FUNCTION IN A WS, AND I NEED A ﬁAME
FOR A VARIABLE - WHICH NAMES HAVE I ALREADY USED?

YOU WOULD BE QUITE CORRECT TO ASSUME THAT ONCE A VARIABLE HAS BEEN

SPECIFIED DURING EXECUTION, THEN ALL FUNCTIONS IN THAT WS HAVE

ACCESS TO IT. SUCH A VARIABLE IS CALLED A QLQBAL VARIABLF.

BUT (SINCE I BROUGHT THE SUBJECT UPY) THERE JUST HAS TO BE A WAY
TO RESTRICT A VARIABLE'S VALUE IN ANY GIVEN FUNCTION TO THAT
FUNCTION ALONE!

-AHD OF COURSE, THERE IS} AND - IT'S THIS SIMPLFE:

IN THE FUNCTION HEADER, MERELY FOLLOW THE FUNCTION NAME (AND

ARGUMENTS, IF ANY) MITH THE DESIRED VARIABLE NAMES, SEPARATED
BY SEMI- COLONS LIKE THIS:

VHYPD; X3Y32

WHICH HAS THE EFFECT OF MAKING “x", "Y", AND T2" LOCAL TO

FUNcTION "HYPD" - THAT IS, X, Y, AND 2 MAY BE USED

ELSEWHERE IN THE WS WITHOUT BEING CHANGED DURING EXECUTION OF
HYPD (IT'S NOT QUITF THAT SIMPLE, BUT WE'LL STICK WITH THAT
DEFINITION FOR A WHILE). -

SC THAT, IN OTHER WORDS, A LOCAL VARIABLE HAS NO MEANING QUISIDE THE i

YNTO WHICH IT IS LOCAL

FOR KEXAMPLE: IF YOU EXECUTED “Hypp" AND ASKED FOR THE VALUES OF X, Y
AFTERWARDS , YOU'D GET A VALUE ERROR™ MESSAGE IN EACH CASE. HOWEVER
YOU WERE TO EXECUTE ‘HYPC' AND ASK FOR THEIR VALUES, YOU'D GET THEM.

LET'S TRY IT OUT AND SEE!

FIRST, SINCE YOU'VE ALREADY EXECUTED "HYPC", YOU MUST ERASE THE VARIA,
SFECIFIED DURING ITS EXECUTION. YOU DO THIS BY ENTERING:

YJERASE X Y Z



NEXT, EXECUTE "HYPD", THEN ASK FOR THE DISPLAY OF X, Y, AND Z.
AFTER THAT, EXECUTE "HYPC" ONCE AGAIN, AND ASK FOR THE DISPLAY OF THE
AND, WHEN YOU'RE THROUGH WITH ALL THAT, TYPE: MORE

XYz
SYNTAX ERROR
XY z
A
X3 Y23
111.414213562
X,Y,2
1 1 1.4f4213562
i,
\"
s Y 52
11 1,414213562
YERASE X Y 2
HYPD

THIS FUNCTION CALCULATES THE HYPOTENEUSE OF A RIGHT
TRTANGLE, GIVEN THE LENGTHS OF THE SIDES.

ENTER THE LENGTH OF ONE OF THE SIDES:
[i:
o 5

ENTER THE LENGTH OF THE OTHER SIDFE (SAME UNIT OF MEASURE):

CUs
12

THE LENGTH OF THE HYPOTENEUSE
(IN THE SAME UNITS) IS:

13
| X,¥,2

" VALUE ERROR
X,¥,2

A

MORE

;JSOMETIMES IT IS USEFUL TO HAVE COMMENTS ON A LINE IN A FUNCTION
., PO DESCRIRE WHAT THE FUNCTION DOES, YET WHICH ARE NOT EXECUTED.

THE SYMBOL a (UPPER CASE “C", BACKSPACE, UPPER CASE “J") WILL
" CAUSE APL TO TRFAT EVERYTHING TO ITS RIGHT AS A COMMENT. |

. T0-SEE WHAT I MEAN, DISPLAY FUNCTION “HYPE", AND, WHEN YOU'RE
'\ FINISHED, TYPE: ENOUGH ,

vaYPE[LI]_
v
v
V HYPE ;XY
[1) =a THIS FUNCTION CALCULATES THE HYPOTENUSE OF A
[2) & RIGHT TRIANGLE GIVEN THE LENGTHS OF ITS SIDFES.
3] "HYPOTENUSE = ';(X<«[,0p(l«'ENTER SIDE 2:')HYP Y«[iy0pll« ENTER. . SID
V S U ST P T R ST RS IR L e 400 T TR RS B .
HYPE
ENTER SIDE 1:
Lis A '
5

ENTER SIDE 2:
Lit




12
HAYPOTENUSE = 13
ENOUG

\4

YLIB
COMPTER £
DTBL?2 s
MSDT :
SCHNABEL
SEQ
TRACEY
YVARS :
AREA1  AREA2 B CONTINUE D DESCRIBE ENOUG
RESUME START T :
YWIDTH 60
WAS 120
' YVARS _ -
AREA1  AREA2 B CONTINUE D DESCRIBE
ENOUGKE FINISHED H MORE PI READY
RESUME STARTO T v
JFNS
CIRCAREA CIRCUM DIST DISTV  DIST1  HYP - HYPC
"HYPC1  HYPC2  HYPD HYPE RAREA  RECTAREA
RECTPERIM SPHEREVOL SQRTFN TAREA  TRIAREA
ENOUGH

YOU WILL HAVE NOTICED THE USE OF THE QUAD ([1) TO DISPLAY 0N
THE SAME L :
LINE THAT ANOTHER "1\" IS USED FOR EVALUATED INPUT - IT WORKS
. T00! . »

EXECUTE FUNCTION “HYPE" (AND OBSERVE THAT LINES (1] AND [2]
DO NQT PRINT) , : ,
THEN, TYPE: FINISHED

HYPE
ENTER SIDE 1:
ir : _

. 5
ENTER SIDE 2:

HE

12 o
HYPOTENUSFE = 13
FINISHED

YOU ARE WHAT YOU JUST TYPED IV
fH4r8§ IS THE FEND OF LESSON 14 - WE'LL BE DISCUSSING HOW TOkﬂ

.BRANCH™ AROUND IN A DEFINED FURCTION IN THE NEXT MODULE,
46 LESSON15",
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THE! BRANCH OPERATOR (+) IS USED WITH A RIGHT ARGUMENT TO CONTROL
THE FLOW OF EXECUTION OF A FUNCTION. |

IN ITS SIMPLEST FORM, IT IS AN UNCONDITIONAL BRANCH TO THE ZINE
REPRESENTED BY ITS RIGHT ARGUMENT.

- FOR EXAMPLE:

>4

>2x2

BOTH MEAN: EXECUTE LINE [4] NEXT,

A BRANCH TO LINE [0] OR TO LINE [X] WHERE THE VALUE OF X EXCEEDS
THE NUMBER OF THE LAST LINE OF THE FUNCTION WILL TERMINATE THE
EXECUTION OF THAT FUNCTION,

LET'S SEE IF YOU'VE GOT THAT....}

I'M GOING TO GIVE YOU SOME PROBLEMS. I WANT YOU TO GET CORRECT
ANSWERS TO THREE PROBLEMS BEFORE YOU GO ON. THE PROBLEMS ALL DEAL
WITH THFE FOLLOWING FUNCTION: ‘

V SAMPLE1
[1] ‘THIS IS A SAMPLE FUNCTION,®
(2] e :
(3] Xy
[u] XeX+Y
[51  X+Xx3
- [61] XeX X
£71] +2

\Y

NOTICE LINE (2] OF THE SAMPLE FUNCTION. 1IN EACH QUESTION,
I WANT YOU TO 'FILL IN THE MISSING QUANTITY'. -

CAUSE A BRANCH T0 THE LINE WHICK HAS ..... XeX,X

6 . '
USE A BRANCH TO THE LINE WHICH HAS ..... X<b

9
:!‘;u

tis



T oviv Ao TTTTrTTTmTmmee e
LL RIGHTOON THOSE. NOW, TRY THIS ONE:

PROVIDE A QUANTITY THAT WILL CAUSF AN EXIT FROM THE FUNCTION.
L

8 ;
GO00D. REMEMBER THIS., IN GENERAL, A BRANCH TO A LINE NUMBER WHICH IS

NOT IN THE FUNCTION OR A BRANCH TO 'LINE [0]' CAUSES AN EXIT FROM THE
FUNCTION. ’

ANOTHER USEFUL FACILITY TAKES ADVANTAGE OF AN EMPTY VECTOR (THE
NULL VECTOR), WHICH CAN BE REPRESENTED VARIOUS WAYS, INCLUDING:
R e T ( . . .

B ' 10 ‘

'l Op(ANYTHING) i
\'\' U/V (WHERE a/~U IS 1) r{

THE FOLLOWING RULES INVOLVING ARITHMETIC ON THE NULL VECTOR ARE
HANDY TO REMEMBER: R

N+10 IS 10
Nx10 IS 10
WHERE N IS ANY NUMBER

THIS SPECIAL VECTOR IS USEFUL BECAUSE -+10 IS EQUIVALENT TO 'DON'T
BRANCH' OR 'FALL THROUGH'. THE RESULT IS THAT THE NEXT LINE IN
SEQUENCE IS EXECUTED. FOR EXAMPLE, ANY OF THE FOLLOWING EXAMPLE
LINES MEAN BRANCH TO LINE (6] IF N=2, AND 'FALL THROUGH' TO LINE
[3] OTHERWISE: -

[2] >6x1N=2

[2] +(¥N=2)p6
[21] +>(N=2)/6

[}

THE EXPRESSION “x1" CAN BE READ AS "IF”

FROM NOW ON, IF YOU GET STUCK, TYPE: HELP
EXAMINE THIS FUNCTION:

V SAMPLE3 I;A

[1] S S
(21 A<I%x0,5
£31] F
[u:] C+A-FE
(5] P
[6] C+AxR

v

T eo 1)

I" IS PROVIDED UPONOEXECUTION, AND WE SEE THAT WE MUST
EXIT FROM THE FUNCTION IF I<0 BECAUSE WE CALCULATE
A SQUARE ROOT ON LINE [2].

ENTER AN EXPRESSION WHICH EXITS IF I<0 AND “FALLS THROUGH™ OTHERWISE.

]
0x17I<0

CORRECT!

Y0W, AFTER WE'VE COMPUTED “A" ON LINE [21, WE WANT TO COMPARE IT WITH

B ON LINE [3], : . _
(ASSUME THAT "B" IS A GLOBAL SCALAR.) IF A<B =+ [6] ~AND IF A2l



+ [4] (FALL THROUGH).
ENTER AN EXPRFSSION FOR LINE [3] WHICH WILL DO THIS. 7,

A3
v

3
v

(A<Bp
v
Jp 6

GREAT!

NOW, ON LINE [5] WE WANT AN UNCONDITIONAL EXIT. ENTER AN APPROPRIATE
EXPRESSION: ' '

iz
8

GOOD FOR YOU!

ONE OPERATOR WE SHALL FIND ]ERY USEFUL IN BRANCHING IS / (CALLED “cC¢
MPRESS") . :

IT WORKS LIKE THIS:
(001 0)/4 920
AND YIELDS: ,2 (A ONE-COMPONENT VECTOR)

WHAT HAPPENS IS THAT AN ELEMENT IN THE RIGHT-HAND ARGUMENT I8 RFWAINFZ
IF ITS

CORRESPONDING ELEMENT IN THE LEFT ARGUMENT IS 1 , AND DISCARDED IF
ITS '
CORRESPONDING ELEMENT IS 0 ,

. _se

SUPPOSE WE WANTED TO BRANCH ON THE VALUE OF “J" AND WE KNOW THAT "7 (
AN BE

ONLY 1 OR 0 , THEN WE TAKE THIS EXPRESSION:
(7=1 0)/LINEA,LINEB | | |
AND IF'WE MAKE THAT THE RIGHT ARGUMENT OF THE BRANCH OPERATOR:
+(J=1 0)/LINEA,LINEB
THEH IF (1=(J=1)) LINEA WILL BE EXECUTED NEXT, AND IF (1=(J=0)) LINEL

ULU BE THE NEXT ONE TO BE EXECUTED, A N D IF (0=((J=1)v(J=0)))’

Q BRANCH WOULD BE TAKEN - THE FLOW OF EXECUTION WOULD “FALL THROUGH™
AND THE NEXT SEQUENTIAL LINE WOULD BE EXECUTED! '

LET'S TRY SOML*, PRORLEMS ¢ 4o e

EVALUATE : 1/5



EVALUATE : (0 0 0)/29 74 19
(THINK CAREFULLY!)

U
10

EXCELLENT!

LET'S CONTINUE.

USING A VECTOR OF LINE NUMBERS IS OFTEN HANDY WHEN YOU DESIRE TO
BRANCH TO ONE OF MANY LINES. THE PARTICULAR LINE MAY BE SELECTED
USING EITHER INDEXING OR COMPRESSION AS IN:

0 + 10 14 23 8[J]

OR

; o S a(J=1 2 3 4)/10 14 23 8

IMAGINE A FUNCTION WHERE IT IS DESIRED TO BRANCH TO ONE OF A NUMBER
OF LINES DEPENDING UPON THE VALUE OF "I" AS INDICATED BELOW. YOU MAY
ASSUME THAT OTHER VALUES FOR "I" WILL NEVER OCCUR.

FOR I = 0 1 2 3 4
BRANCH TO: 8 6 13 8 6

THE FIRST FEW LINES OF THE FUNCTION LOOK LIKE:

= V SAMPLEW I
[1] P
[21] Z«A+B+7
[3] . °

NOW, PROVIDE THE INFORMATION THAT IS MISSING FROM LINE [1].
T?Y T0 DO IT BY IVDFXING.

[1:
8 6 13 8 6[I-11]
v

+1]
Goen!
NOW, TRY IT FOR THE FOLLOWING TABLE:

FOR I = 2 0 4 8 6 7
BRANCH TO: 8 6 13 8 6

DO THIS ONE BY COMPRESSION.
[i:

(I=2 4 8 6 7)/8 6 13 8 ©
GOODY |

OCCASIONALLY YOU'LL WANT TO 'JUMPY A CERTAIN NUMBER OF LINES



AHEAD OR BEHIND THE LINE CONTAINING A '»', ONE OF A SPECIAL CLASS
OF FUNCTIONS CALLED 'IBEAMS' IS HANDY HERE., 126 ALWAYS YIELDS
THE LINE NUMBER OF THE LINE BEING EXECUTED. (NOTE: '1' IS FORMED
BY 'T' AND 'L' OVERSTRUCK.) (ANOTHER NOTE: 126+2 IS EQUIVALENT
T0 128, WHILE 2+126 ADDS 2 TO THE CURRENT LINE NUMBER).

HERE'S A SAMPLE FUNCTION: _ /

V SAMPLES I;X32Z o | /o

[?2+1] +0xpp ,Z2«FN1 X
[?+2] +0xpp ,Z2«FN2 X
[?243] »0xpp ,2«FN3 X
-]
(-]

L]

v

INSERT THE INFORMATION MISSING FROM LINE [?] SUCH THAT CONTROL
JUMPS TO LINE [?+2] IF I>0. (I DON'T CARE WHAT HAPPENS IF I<0.)

U
2+I26%1I>0

NOW CAUSE A JUMP TO LINE [?+I] DEPENDING ON THE VALUFE FOR I.

[Je
I+126

GooD .
NOW TRY THIS ONE:

CAUSE A JUMP TWO LINES AHEAD IF I20 AND THREE LINES BEHIND IF I<0,
L e
| (0 1=120)/73 2 /.

o

VERY GOOD!
THAT'S IT FOR JUMPES.

ONE 0” THE INCCNVENIENCES OF USING LINE NUMBERS FOR BRANCHING IS THAT
YOU'LL HAVE TO CHANGE MANY STATEMENTS IF YOU MODIFY (EDIT) THE FUNCTIC
N

BY REMOVING OR INSERTING A LINE (OR LINES).

50, APL BORROWED AN IDEA FROM OTHER LANGUAGES, AND ALLOWS YOU TO USE
| LABELS

INSTEAD OF ACTUAL LINE NUMBERS.

THEY WORK LIKE THIS:

'SAMPLEX I3A3B3C
(1] +(I \4)/L3, LINEFIVF ,5001B3 ,AHA2
9] (]
o
(7] L3:(WHATEVER IS ON LINE [?1)
(-] . :

[



?2+N] AHA2:(WHATEVER IS ON LINE [?+N1])

AND SO ON.

NOTICE THAT THE 'LABELS' REPLACE THE NUMERIC VALUES OF THE LINES; ALS
0 THAT

THE LABEL IS ASSIGNED TO A LINE BY STARTING THE LINE WITH THE LABEL, 1
- HEN

FOLLOWING THE LABEL WITH et THIS IS THE QNLY PERMISSIBLE USE FOR 1
HE COLON :

(OTHER THAN IN A LITERAL) IN APL.

THAT'S QUITE EASY T0 UNDERSTAND, SO NOW IT'S YOUR TURN..oes

HERE IS A SAMPLE FUNCTION:

V Z<SAMPLEG6 2Z
[1] +((A>0),4<0)/6 4

[21] Z+0
[3] +7
[u] Z2+204
(5] +7

(6] Z+104
[71] 2472402
v

IF WE WANT TO INCORPORATE LABELEINC COMPLETELY IN PREFERENCE.
TO INDICATING BRANCH POINTS BY THE LINE NUMBERS THEMSELVES, ON
WHICH LINES MUST THF '‘LABELS' THEMSELVES BE PLACED?

Lis 0
_ 4 6 7
RIGHT., LABELS MUST BE PUT ON LINES 4, 6, AND 7.

ON WHICH LINES %UST CHANGES BE MADE (REPLACING NUMBERS WITH LAEEL NAMF
S)’? .

Ls: :
i ,3 ,5

GoOD, NOW, HOW WILL YOU LABEL LINE [u417?
Az

HOW ABOUT LINE [6]?

B: ,

AND, LINE [71]7

C:

NOW, WE HAVE TO CHANGE SOME OTHER LINES.

WHAT GOES ON THE NEW LINE [31].

+C .

Go0OD, FNOW, HOW ABOUT THE NEW LINE [5]7?

+C

NOW, WHAT GOES TO THE RIGHT COF THE '/! ON LIJE [1]7?
8.4

VERY GOOD}

TXF SIGHT-HAND ARGUMENT OF " CAN BE A COMPUTED NUMBER, WHICH WILL
PROVE VFERY USEFUL.

LOOK AT THIS EXAMPLE:



V SAMPLE?2 I3BP
[1] X«2?73
(2] Y«204

[3] S S
fu] L«Y
[5] +0
{6] Y«Y+XxB
(71 +3
(8] Ye«Y+X*xC
(9] +3
"

- o

1" IS PROVIDED ON EXECUTION, AND WILL ONLY HAVE THE SCALAR VALUES OF
0 OR 1.
ENTER THE EXPRESSION WHICH WILL CAUSE A BRANCH TO LINE [6] IF I 0 OR 1
O LINE [8] IF I=1.

(I'VE ALREADY SPECIFIED "I" AS: I«0 1 SO I CAN CHECK YOUR ANSWFF )

(s .
. (6 8)[1+I=1]
GOOD.

NOW LET'S MAKE IT HARDER. ' - :
I CAN BE ANY POSITIVE INTEGER. ENTER AN EXPRESSION WHICH BRANCHES
70 LINE [61 IF "I" IS 0DD, OR TO LINE [8] IF "I" IS FVEN.

(I SPECIFIED I+8 9 TO CHFCK YOUR ANSWER.)

‘D: ' _
’ (6 8)[1+(I¢+2)=[TI=%2]
FINE!

ONE LAST POINT ON THIS TOPIC.
GIVEN THE EXPRESSION:

+5 2 5 7

A BRANCHOTO LINE [5] WILL ALWAYS RESULT.
THIS IS BECAUSE THE BRANCH FUNCTION OPERATING
UPON AN UNINDEXED VECTOR ALWAYS CAUSES A BRANCH

TO THE LINE REPRESENTED BY THE FIRST COMPONENT OF THAT VECTOR.

WITH ALL YOU KNOW NOW, YOU SHOULD BE FAIRLY PROFICIENT AT
DIFFERENT TYPES OF BRANCHING. I'D LIKE YOU TO TRY TWO COMMONLY
ENCOUNTERED PROBLEMS . '

I WART YOU TO WRLTE A FUNCTION CALLED ‘CONTROL' WHICH SETS UP 4
" LOOP AND EXECUTES THAT LOOP EXACTLY 14 TIMES. INSIDE THAT LOOP,
CALL A FUNCTION ‘'CHECKER'. I'VE ALREADY WRITTEN ‘'CHECKER' AND
wILL USE IT TO SEE IF YOU HAVE DONE YOUR PART PROPERLY. 'CHECKER!
HAS NO EXPLICIT INPUTS OR OUTPUTS.

TYPE 'READY' WHEN YOU HAVE COMPLETED THE FUNCTION 'CONTROL' ARD
YOU ARE READY TO HAVE IT CHECKED. '

sler
P

' VCONTROL
[11] A<0

{21 0X1A=14
{31l (21

{21 oxI

v
VA=14



VCHECKER[ 4]
[u] A<A+1
[51] +2
[6] Y

VCHECKE
v
VCONTROL[[11V
V CONTROL
[1] A+0
[2] +0xi14=1d
£3l] CHECKER

[u] +>2
v
YERASE CONTROL
"VCONTROL
[1] A<0

(21 +0x14=14
[3] CHECKER

[u] A<A+1

{51 +2

(6] Y
VCONTROLL{ ]V

: Vv CONTROL

(1] A+0

[2] +0x14=14
£3l CHECKER
(u] A<A+1
(5] +2
v
READY
NOW I'LL CHECK IT. HERE GOES ¢eese

CORRECT
HERE'S THE SECOND PROBLEM.....

A FROG IS STRANDED AT THE BOTTOM OF A WELL. HE DECIDES TO HOP HIS
WAY OUT. WITH HIS FIRST HOP, HE HOPS HALF WAY TO THE TOP. BECAUSE
HE HAS IRON-POOR BLOOD, FEACH SUCCEEDING HOP IS ONLY HALF AS HIGH
AS THE ONE IMMEDIATELY PRECEDING.

WRITE A FUNCTION CALLED 'FROG' WHICH SIMULATES THE HOPPING FROG.
EXITOFROM. THE FUNCTION WHEN THE HEIGHT OF A HOP IS LESS THAN .001
TIMES THE HEIGHT OF THE WELL. PASS A VECTOR, V, EXPLICITLY OUT OF
THr FUNCTION. (THAT IS, THE FUNCTION HEADER SHOULD LOOK LIKE:

V V«FROG) ' :

V SHOULD BE CONSTRUCTED AS FOLLOWS:

V{11+TOTAL NUMBER OF HOPS : ' , B
V[2,+TOTAL FRACTION OF WELL TRAVERSED . §§*
VI31«LENGTH OF LAST HOP L

INCIDENTALLY, YOU SHOULD BE ABLE TO WRITE ‘FROG' IN 2 LINES!!!

S » T el
WHEN YOU'VE COMPLETED THE “FROG™ FUNCTION, TYPE: DONE
 AND I'LL CHECK IT OUT FOR YOU.
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OFF YOU GOuuewo

[11]
[21]
(1]
[21]
[3]
[2]
(3]

[4]

\%

Vi2]«1+

VV<FROG
v[{11+«10
[11]
3pV
V11«10
(2]
Vi1]+11

v
+
\Y
-.5%10
VL3 ]«,
v
\Y
YERASE FROG
VV<FROG
3pV
v
V<«3p0
Vi1]e11
V[3]«.5%10
VE2]«1+
v .
-v[]
v
3]
v
VFROGCLI1IV
V«FROG
V<+«3p0
Vi1]«11
V[3]«0.5%10
vi2]«1-v[3]

DONE

NOW I'LL CHECK YOUR 'FROG‘ Fyuncrion,
HERE GOES.....

YOUR FR0OG TOOK TOO0 MANY JUMPS.
FIX YOUR FUNCTION, AND I'LL CHECK IT AGAIN.

TYPE "DONE™ WHEN YOU'RE READY TO HAVE IT CHECKED.

(1]
21
31
ul
[31l
u]

(5]

YERASE FROG
VV+FROG
V«3p0
vl1le10
V{3]J«.5%9
(3l
V[3]«,5%10
Vvi2]«¥[5]

v
V{21«1-V[3]
v

DONE

NOW I'LL CHECK YOUR

HERE (I‘OES' e e e o

(IF YOU'RE RE&LLY STUCK, TYPE: HELPKE )

'FROG' FUNCTION.



AS A MATTER OF INTEREST, THE "FROG" PROBLEM
(WHICH IS, ITSELF, A VARIATION ON THE OLD
“BOUNCING BALL" PROBLEM) CAN BE SOLVED IN 1
LINE, WITHOUT BRANCHING:

VFROGL[G]V
V V«FROG:I;J
(1] VeI, (1-J),J«+2*xI«[2€1000
v

BUT IT WOULDN'T HAVE PROVIDED AN EXERCISE
IN BRANCHING!

AND TRAT'S ALL WFE SHALL SAY ABOUT BRANCHING
IN THIS MODULE - WE SHALL EXAMINE SOME MORFE
ADVANCED TECHNIQUES IN LESSON 21.

PROCEED NOW T0 "6 LESSON16" IN WHICH WE'LL
LEARN HOW T0 EDIT A DEFINED FUNCTION.



"load 46 lessonl6
saved 018.30,.,22 10/06/75
YWIDTH 70
WAS 120
START

COPYRIGHT 1971, IBM CORPORATION.

FUNCTION EDITING )

ENTER THE OéEkATOR”bé;éﬁ E;;;Egﬁgggxgﬁsgwégaggg#fUNCTION»DEFINITION:
GooD?
YOU WILL RECALL THAT THE QUAD ([1) IS USED TO DISPLAY THE LINES IN A Fl

NCTION.
FOR EXAMPLE:

VSAMPLEL[V
, V SAMPLE
(11 CR,"THIS IS A SAMPLE FUNCTION.',CR
[21] *(((AXB%C) (A+B+C), HELP+208) Y«140,0p[«'ENTER THE VALUE FOR "y
')/51,52,53
[3] »2.pL+'THAT"s NOT RIGHT!',CR 'TRY AGAIN OR ASK FOR HELP:'

(4] S3:CR,'THE CORRECT ANSWER IS: ';AxBiC;'
(51 +2,p0«'NOW ENTER IT CORRECTLY:' :
(6] S2:CR,'NOT QUITE!',CR,'YOU ENTERED: ';Y;' AND I WANTED: ';AxB:(C;'!

(71 +2,p[«"TRY IT AGAIN:'
L8] S1:CR,'CORRECT!'
v '

A FEW FACTS ABOUT THIS SAMPLE FUNCTION - FIRST, IT IS NOT
SUPPOSED TO HAVE ANY PURPOSE OTHER THAN AN EXAMPLE; SECOND,

THE VARIABLE CR IS A CARRIER-RETURN/LINE-FEED CHARACTER

(VERY USEFUL - YOU CAN COPY IT IF YOU NEED IT).

LAST, IT ILLUSTRATES SOME CODING TECHNIQUES YOU SHOULD EXAMINE.

HONEVER, BACK TO FUNCTION EDITING!
NOTICE THAT THE EXPRESSION:

V(FUNCTION NAME)[LilV

RESULTS IN A DISPLAY OF THE ENTIRE FUNCTION AND THE SYSTEM
REMAINS IN EXECUTION MODE.

BUT. HAD VE ENTERED:
VSAMPLEL()] (N0 CLOSING "v")
THE RESULT WOULL HAVE BEEN:

V SAMPLE
{11 CR,'THIS IS A SAMPLE FUNCTION.'



[2] °

°

o

4] °

(7] °
(81 S1:CR,'CORRECT!'

v
(9]

WITH THE SYSTEM NOW IN DEFINITION MODE, AWAITING YOUR EDITING INSTRUCI
IONS,

IF WE HAD MERFLY ENTERED:
VSAMPLE

THE SYSTEM WOULD RESPOND WITH:

{9l

AND THIS IS QUITE CONSISTBNT - YOU VE OPENED DFFINITION BUT DID
NOT ASK FOR A DISPLAY.

ONE LAST ITEM BEFORE YOU TRY SOME YOURSELF - IF WE HAD ENfERED;
VSAMPLE[ 5] |

.THE SYSTEM WOULD HAVE RESPONDED WITH:

(s]

AND WAIT FOR YOUR INSTRUCTIONS.

IN THIS EXAMPLE, IT BECOMES EASY TO EDIT LINE [5].
THE LINE NUMBER CAN BE OVERRIDDEN EASILY, TOO.

FOR EXAMPLE:

VSAMPLE
{91 ([81S1:CR,'VERY GOOD!'
(9] v -

AND NOW IT'S YOUR TURN.....

SUPPOSE YOU HAD A FUNCTION NAMED 'F1' IN THIS WORKSPACE AND THAT ITS 1
AST . o

LINE WAS LINE [6]. WHAT WOULD YOU TYPE TO ADD A NEW LINE TO THE END (
F 'F1'? _ : ‘
(NOTE: FUNCTION DEFINITION IS CLOSED.)

VFi
THEN, WHAT LINE NUNBER WILL THE SYSTEV RETURN WITH AFTER YOU HAV& INSE
RTED THAT NEW LINE?
0
8
coeD!

NOW, ASSUMING THAT THAT'S ALL THE EDITING YOU WANT TO DO, WHAT DO YOU
TYPF NEXT? '

GOOD! '
NOW WHAT'S THFE NUMBER OF THE LAST LINFE IN THE FUNCTION ‘F1'?
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. Vd
; ,;' f .

7 S
RIGHT!
SUPPOSE NOW THAT YOU WANTED TO GO BACK AND REPLACE LINE [2] COMPLETFL‘

HOW WOULD YOU DO IT?

VFi[2]

GOOD. NOW WRITE IN A NEW LINE -- ANYTHING AT ALL WILL DO.

‘ALS JE ME ER NOG EEN KEER ZONDER REDEN UITGOOIT WORDZ IK BOOS!®
NOW CLOSE FUNCTION DEFINITION,

v

FINE,

VERY OFTEN YOU WILL WANT TO INSERT A NEW LINE BETWEEN TWO EXISTING LI}

’ ESQ

ASSUMING FUNCTION DEFINITION IS NOW CLOSED, TYPE A COMMAND THAT WILL ¢/
LLOW

YOU TO PUT A NEW LINE BETWEEN EXISTING LINES [2] AND [3] OF FUNCTION °
F1',

 VF1[2.5]

NOW, WHAT WOULD APL'S RESPONSE BE AFTER YOU HAD ENTERED A LINE BETWEEI
LINES [2) AND [3], AND HAD HIT THE RETURN KEY?

[2.6]
- G00000000000D,

THFRF ARE THREE SIMILAR COMMANDS WHICH CAN BFE USED TO DISPLAY FUNCTION
S

OR PARTS OF FUNCTIONS --

£l DISPLAYS THFE WHOLE FUNCTION
- Laul DISPLAYS LINE [N] ONLY
(C¥] DISPLAYS LINE [N] AND ALL SUCCEEDING LINES.

LET S TRY A FEW EXFRCISES USING THESE EDITING COMMANDS.

DISPLAY ALL OF FUNCTION 'F1°',

(ASSUME DEFINITION IS CLOSED NOW, BUT LEAVE IT OPEN.)
VF1[[] :

GooD.,

NOW, LIST THE HEADER STATEMENT ONLY OF FUNCTION '‘F1°'.,
(THE "HEADER™ IS LINE [01]) ,

vFilou]

ERROR: INVALID COMMAND STRING (CHARACTERS AFTER 'V')

'YOU DON'T NEED THE 'V' OR THE FUNCTION NAME -- YOU ENTERED DEFINITION

MODE WITH YOUR LAST INPUT! THE CORRECT EXPRESSION IS: (ol TRY IT
AGAI”.'.'O.. - - .

Lolil
VERY GOOD.

NOW ASK FOR A DISPLAY OF LIRE [4] AND ALL SUCCEEDING LINE OF FUNCTIC
N ‘P11,

(liu]

GooD,

NOW .CLOSE FUNCTION DEFINITION.
v

OKAY, YOU SEEM TO HAVE THE HANG OF THAT.

To EDIT WITHIN A LINE ITSELF, WE HAVE A POWERFUL SET OF TOOLS.



FIRST, WE CAN POSITION THE TYPE HEAD ANYWHERE (AT LEAST, FROM 1 70 43¢
) 2
ALONG THE LINE TO BE EDITED.

FOR EXAMPLE, IF WE WANTED TO CHANGE THE 34TH CHARACTER IN LINF [7]
OF FUNCTION ‘SAMPLE', WE'D ENTER:

VSAMPLEL 70034 ]
WHICH HAS THIS EFFECT -

1. LINE [7] IS DISPLAYED,

2. THE CARRIAGE FEEDS 1 LINE.

3. THE TYPF HEAD IS POSITIONED AT THE 34TH CHARACTER POSITION
FROM THE LEFT MARGIN.

WE CAN NOW ENTER ONE (OR MORE) OF THESE EDITING TOOLS:
UNDER A CHARACTER WILL DELETE IT

UNDER A CHARACTER WILL ADD 1 BLANK (SPACE) IMMEDIATELY TO
THE LEFT OF THE UNDERSTRUCK CHARACTER. (SIMILARLY FOR DIGITS 2 TO

| el

A (OR B THROUGH I ) WILL WILL INSERT SxLETTER VALUE SPACES.
(A=s, B=10, C=15, ETC.)

FOLLOWING THIS, THE LINE WILL BE DISPLAYED, WITH THE DESIRED CHARACTE!
S

gELETED. AND SPACES INSERTED AS WAS REQUESTED. YOU MAY NOW FILL IN Tt
;LANKS (SPACES) WITH ANYTHING YOU WISH!

»LETVME GIVE YOU AN EXAMPLE.

LINF [7] OF FUNCTION 'Fi' LOOKS LIKE THIS:

(7] +2,X¢X+2

AND WE WANT IT TO READ: [7] +2,X+X+1
S00000C ...

VF1[7C14]

[71] +2 ,XeX+2

0 /1
AND THE RESPONSE WILL BF' L

t?J +2, XX+ ‘ | | -
WITH THE TYPE HEAD POSITIONED ALONGSIDE THE "+  IN LINE.E7].‘
JUST TYPE IN THE "1", AND CLOSE DEFINITION, LIKE THIS:

[7]1  +2,X<X+1V |

ANOTHER EXAMPLE:

-~ vPi{2s025]
[25] 'THIS IS AN EXAMPLE OF EDITING LITFRAL DATA.'

THE TYPE HEAD WOULD COME TO REST UNDER THF “"E" OF ﬁXAMPLF .

BYT THAT'S RNQT WHAT WE _WANT - WE WANT RAY CHANGE THF WORDS
AN EXAMPLE  TO READ “A SAMPLE .
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SIMPLY BACKSPACE TO THE DESIRED CHARACTER - IT'S THAT EASY - AND
THEN TYPE THE DESIRED EDIT CHARACTERS, LIKE THIS:

[25] 'THIS IS AN EXAMPLE OF EDITING LITERAL DATA.'
/171
(251 'THIS IS A AMPLE OF EDITING LITERAL DATA.' (SYSTEM RESPONSE)

AFTER WHICH THE TYPE HEAD COMES TO REST LN THE EDITED LINE, AND AT‘
THE EIRSI INSERT POSITION (WHICH IN THIS CASF, NEATLY ALLOWS US TO
TYPE IN AN 'S", HIT "RETURN", THEN CLOSE DFFINITION).

AND HERE'S A PROBLEM FOR YOU:

EDIT WITHIN LINE [6] OF 'F1', HAVE THE SYSTEM POSITION THE CARRIER S(
MEWHERE BETWEEN THE 46TH AND 52ND CHARACTERS.

VF1[60u9]

VERY GOOD!

SUPPOSE YOU WANTED TO DELETE A LINE FROM A FUNCTION?
NO PROBLEM AT ALL' JUST HIT “"ATTN" THEN “"RETURN"
ALONGSIDE THE LINE NUMBER TO BE DELETED.

FOR" EXAMPLE:
PO DELETE LINE EQJ FROM FUNCTION 'F1':

_ VF1[uJ
(4]
A

(sl v

AND THE LINES IN THE FUNCTION WOULD BE RE-NUMBERED
CONSECUTIVELY FOLLOWING THE CLOSING V .

NC¥ FOR A LITTLE PROBLEM.

HERE IS THE PROBLEM:

IN THIS WORKSPACE IS STORED A FUNCTION "ESCAPE' THAT DOES SOME INTERE:
~TING COMPUTATIONS. '

HOWEVER, THE FUNCTION DOES NOT WORK PROPERLY. USING THE EDITING FACII
ITIES THAT YOU HAVE '
-LEARNED, I WANT YOU TO CORRFECT ‘'ESCAPE'.

CORRFCT THE FOLLOWING ERRORS:

1. LIST THE ENTIRE FUNCTION AS IT STANDS SO YOU CAN SEE THE ERROR!
I REFER TO.

2. LINE [22] SHOULD READ: VELOCMKS+(2xGxM32R)*0,5 FIX IT.

3. INSERT A LINE BETWEEN PRESENT LINES [6] AND [7]) THAT OQUTPUTS:

'‘IT'S THE VELOCITY REQUIRFD OF A BODY FOR IT TO OVERCOME GR:

VITY AND REMAIN IN ORBIT.'

4. 'NINE' IS MISSPELLED IN PRESENT LIWNE [1] FIX IT.

5. 'BODY' IS MISSPELLED IN PRESENT LINE[20). FIX IT.

6. MAKE 'G' LOCAL TO ‘'ESCAPE' BY ADDING IT TO THF HEADER LINE.

WHEN YOU FEEL THAT YOU HAVE CORRECTED THE FUNCTION SATISFACTORILY, TR!
EXECUTING IT
70

R -
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T SEEMS TO WORK. WHEN YOU ARE SATISFIED, I'D LIKE TO PERF(

RM A FEW CHECKS MYSELF.
S0, WHEN YOU ARE READY TO HAVE ME CHECK IT. TYPE 'READY'.

GOOD LUCK!
VESCAPELO]
V ESCAPE 3 R;M;VELOCENG
[11] 'THIS FUNCTION WILL COMPUTE THE "ESCAPE VELOCITY'' FOR ANY OF !
HE NINT PLANETS AND EARTH''S MOON.

[2] (]

(3] '"DO YOU KNOW WHAT '‘ESCAPE VELOCITY'*' IS?'
[u] L8 ]

[(s1] +ESC1x VY =1p0," !

[6] L ]

[7] ESC1:G6+6.7E 11

[8] te

[9]] '‘YERE ARE THE BODIES CONSIDERED:'
[10 1.

[111 MERCURYO JUPITER'

{121 VENUS SATURN'

(131 EARTH OURANUS'

(143 MOON NEPTUNE'

[15] MARS PLUTO!

[16] [ ]

»E17% ESC2:'FROM WHICH BODY WOULD YOU LIKE TO LIFT OFF?'
18 L} )

[19] BODY+U

(201 R<RACIUSIBDY]

[21] M<«MASS[BODY]

[22] VELOCMKS<«(GxM+R)*0.5

[23) VELOCENG+2.3693182xVELOCHKS

[2u4]
[25] 'ESCAPE VELOCITY IS ':VELOCENG;' MPH.'
[26] T e . ’
[27] 'MORE?!
(28] '!
[29] =ESC2x1'Y'=1pD,"' !
-f30] "
[31] ‘'HAPPY LANDINGS!'
B
[32] (221
[22] VELOMKS<«(2xGxM3+R)*0.5
(23] Vv

'VESCAPE[6.5] _

[6.5] 'IT''S THE VELOCITY REQUIRED OF A BODY FOR IT TO OVERCOWE GRAVI.
(e.6] (10751
DEFN ERROR
[(6.61 [101751

: A
{11 [10i601]
[11 'THIS FUNCTION WILL COMPUTE THE '‘'ESCAPE VELOCITY" FOR ANY OF
HE NINT PLANETS AND EARTH''S MOORN.!
(11 )WIDTH
A\

1] v
YLOAD
v
VESCAPELDIIV
CHARA<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>