CHECKPOINT MARCH 6, 1974

THIS IS A REPORT ON THE CURRENT IMPLEHENTATIONS OF CRMS APL
'SYNTAX AND THE CRMS APL TERMINAL INTERFACE. BOTH TOPICS ARE
PRESENTED AT A LEVEL APPROPRIATE FOR APL\350 PROGRAMMERS. NEITHER
IMPLEMENTATION HAS BEEN AROUND LONG! LAST WEEK 15 NEW TERKINALS ARRIVED.
TODAY'S CRMS APL SYNTAX BEARS LITTLE RESEMBLANCE TO THE SYNTAX
IMPLEMENTED TWO WEEKS AGO. NO DOUBT THE RATE OF CHANGE WILL SLOW
DOWN AS MORE CRMS APL PROGRAMMERS ACQUIRE HABITS THEY RESIST BREAKING.

A SEPARATE REPORT ON THE CURRENT IMPLEMENTATION OF CRMS APL
INTER PROCESSING IS FORTHCOMING.

BACKGROUND
ASSOCIATED WITH EVERY CKMS APL PROGRAM ARE

A TEXT SEGMENT CONTAINING FUNCTIONS EXACTLY AS THEY WERZ TYPED IN.
MULTIPLE BLANKS ARE §OT AUTOMATICALLY SQUEEZED OUT AS THEY ARE
IN APL\360.

~A DATA SEGMENT CONTAINING THE INTERNAL REPRESENTATION OF EVLRY
VARIABLE IN THE PROGRAM, ASSORTED STATUS FLAGS, AND THE APL STACK.
THE DATA SEGMENT CORRESPONDS TO THE APL\350 CONCEPT OF WORKSPACE.

BEFORE A PROGRAM IS ZXECUTED, THE APL TRANSLATOR CONVERTS THE
TEXT SEGMENT INTO CODE MORE PALATABLE TO THE APL MACHINE. THEW,
THE STACK ORIENTED APL MACHINE IS ALLOWED TO READ THE CODE, AND READ
FROM AND WRITE ON THE DATA SEGMENT. '

MANY OF THE SO-CALLED 'APL PRIMITIVE FUNCTIONS', SUCH AS
RHO, IOTA, AND FLOOR, ARE IN THE INSTRUCTION SET OF THE APL MACHIVE.
EXACT DEFINITIONS OF THESE INSTRUCTIONS MAY BE FOUND IN THE
'CRMS APL PROCESSOR REFERENCE MANUAL'.

SOME OF THE MORE COMPLEX 'APL PRIMITIVE FUNCTIONS', SUCH AS
DYADIC ROTATE AND CIRCLE, ARE NOT IN THE INSTRUCTION SET. INSTEAD,
THESE '"PRIMITIVES' ARE DEFINED IN TZEMS OF CkMS APL FUNCTIONS
WHICH ONLY USE 'PRIMITIVES' IN THE INSTRUCTION SET. A LISTING
OF ALL CRMS APL FUNCTIONS THAT ARE ALSO 'APL PRIMITIVE FUNCTIOJS'

IS K&EPT ON FILE IN THE LAB, AND AVAILABLE ON A NEED-TO-KNOW BASIS.
UNDERSTANDING THE LISTING DOES NOT REQUIRE KNOWLEDGE OF ANY LOW-LEVEL
LANGUAGE, BUT CONSIDERABLE FAMILIARITY WITH THE APL LANGUAGE

WOULDN'T HURT.




CRMS-APL PRIWITIVES WOT IN APL\360

MONADIC e, THE EXISTANCE FUNCTION, RETURNS 1 IF ITS RIGHT ARGUMEANT
IS DEFINED, AND RETURNS 0 IF ITD RIGHT ARGUMENT IS THE UNDEFINED
VALUE. THE RIGHT ARGUMEWNT MUST BE A SIMPLE (UNSUBSCRIPTED)
VARIABLE.

EXAMPLE: +INITAVAR+eV AR

SYNTAX ERRORS: eV[2]
eVAR1,VAR?2
eVAR1«+VAR?2
eFUNCTION CALL
€2 3

NILLADIC v, THE UNDEFINED VALUE FUNCTION, RETURNS THE UNDEFINED
VALUE. MISUSE OF THIS FUNCTION CAN CAUSE THE PECULIAR VALUE
ERROR. '

EXAMPLE: A+«B<«(C+u

VALUE ERROR: A+Ah«uy

PECULIAR VALUE ERRORS: V[2]«u
- ‘ 2+u

MONADIC +, THE PUSH FUNCTION, RETURNS NO EXPLICIT RESULT,
AND PUTS ITS RIGHT ARGUMENT ON TOP OF THE STACK.

NILLADIC +, THE POP FUNCTION, RETURNS THE TOP OF THE STACK.
MISUSE OF THIS FUNCTION CAN CAUSE THE STACK UNDERFLOW ERROK.

EXAMPLE: +¥2x%  n ADD THE TOP OF THE STACK TO ITSELF

DYADIC INTCH INTERCHANGES THE TOP TWO STACK ENTKRIES, AND RETURNS
THE NEW TOP OF THE STACK.

EXAMPLE: 3 4 <+ (4 INTCH 3),+%
v(2 INTCH *)*% n SQUARE THE TOP OF THE STACK

MONADIC T, THE TKANSLATE FUNCTION, IS A ‘'SCALAR FUNCTION'®
LIKE x AND . T CONVERTS CHARACTERS TO THEIR INTERNAL
NUMERIC REPRESENTATIONS, AND CONVERTS INTEGERS BETWEEN
0 AND 255 INCLUSIVELY TO THEIR CHARACTER REPRESENTATIONS.

EXAMPLE: '3579' <+ 7(T'0')+ 10 10 10 10 T 3579
9876 ++ 101(T'98786')-7T'0' n ASSUME '0'-'9' IN PROPER ORDER

MONADIC L, THE INDICATOR FUNCTION, IS ANOTHER 'SCALAR FUNCTION'.
L CONVERTS CHARACTERS TO 0'S AND NUMBERS TO 1'S.




EXAMPLE: 1 01 0 0 1 > 1 23'x'4'=9"'2 Co

DYADIC //, THE DELIMITER PSEUDO-FUNCTION, EATS ITS RIGHT ARGUMEAT.

\,

EXAMPLE: A«1 // B«2 // +3x\CONDITION // D+«4
X«(5 // +DIVOERRx14=0) e‘A

THE ECUDER OPERATOR, IS NOT A FUNCTION, JUST AS THE INNER PRODUCT
AND REDUCE OPERATORS ARE NOT FUNCTIONS. ECUDER IS BEST EXPLAINED
BY EXAMPLE.

EXAMPLE: 10 S 7 4 <+ +\14
1 "A' «> =\'44"
2 2p4 6 3 4 «> +\[1]2 2p14

MONADIC b, THE ID OPERATOKR, RETURNS AN ID-NUMBER UNIQUE FOR FACH

USER DEFINED FUNCTION. AS WITH ALL APL OPERATORS, ID IS 4
FUNCTION OF A FUNCTION. AS WITH THE REDUCE(/) AND

ECUDER(\) OPERATORS, § ACCEPTS OPTIOWAL ARGUMENTS (IN BRACKETS).
A NILLADIC, MONADIC, OR DYADIC FUNCTION IS REFERENCED WHEN THE
OPTIONAL ARGUMENT IS O, 1, OR 2 RESPECTIVELY. ID-NUMBERS

ARE USED BY SOME OF THE INTER PROCESS ROUTINES.

EXAMPLE: $STARTUP
$(1IMONADIC_AND_DYADIC _FUNCTION_NAME



SHORTHAND PRIMITIVE FUNCIIONS

RETURN IS SHORTHAND FOR
A IF B : I.S SHORTHAND FOR
A UL B IS SHORTHAND FOR

ANDREDUCE B IS SHORTHAND FOR

EXAMPLE: +3 IF 17<C+«(C-1
+9 UL 15>C n THINK OF

+0

BoA
(~B)p4
P,Bpl

‘UL' AS 'UNLESS!




USER DEFINED FUNCTIONS

THE HEADER

VR« oL FN[OA;OB;C;D;0E] M

TELLS US THAT R IS THE RESULT VARIABLE OF THE EXPLICIT DYADIC
FUNCTION FN. L IS THE LEFT ARGUMENT; A,B,C,D, AND E ARE

EXTRA ARGUMENTS (E IS THE FIRST EXTRA ARGUMENT); AND

M IS THE RIGHT ARGUMENT. ARGUMENTS A,B,C,D AND M ARE PASSED
BY-VALUE, AS IN APL\360. ARGUMENTS L AND E ARE PASSED BY-REFERENCE
AS IN FORTRAN IV (OSTENSIBLY). WHEN DYADIC FUNCTION FN

IS CALLED, THE LEFT ARGUMENT AND THE FIRST EXTRA ARGUMENT MUST -BE
SIMPLE VARIABLES. THE FIRST EXTRA ARGUMENT MAY NOT BE MISSING:

X8+«X7 FN[X63;X5;:;X43X3; ] X1 n THIS IS A SYNTAX ERROR

BECAUSE MISSING ARGUMENTS MAY NOT BE PASSED BY-REFERENCE.

IF THE LEFT ARGUMENT WERE MISSING IN THE CALL, THEN
MONADIC FUNCTION FN WOULD BE CALLED. IN CRMS APL, IT IS KOT
AN ERROR TO DEFINE IDENTICALLY NAMED MONADIC AND DYADIC FUNCTIONS.
(MANY OF THE PRIMITIVE FUNCTION NAMES, SUCH AS MINUS(-), REFER TO
BOTH MONADIC AND DYADIC FUNCTIONS.) ALSO, IN CRMS APL, IT IS
NOT AN ERROR TO DEFINE IDENTICALLY NAMED NILLADIC AND DYADIC
FUNCTIONS. BUT, IDENTICALLY NAMED NILLADIC AND MONADIC FUNCTIONS
ARE UNALLOWABLE FOR SYNTACTICAL REASONS.

WHEN DYADIC FUNCTION FN IS CALLED, THE SECOND THROUGH FIFTH
EXTRA ARGUMENTS MAY BE MISSING.

X8«X7 FN[ 3;X5; 3X3:;X2] X1

HERE, THE THIRD AND FIFTH EXTRA ARGUMENTS ARE MISSING. IN THIS CASE,
THE UNDEFINED VALUE IS PASSED TO ARGUMENTS A AND C. AN EQUIVALERT
FUNCTION CALL IS

X8«X7 FN{u3;X5;u3X3;X2] X1

THE EXISTENCE FUNCTION, MONADIC €, CAN ASCERTAIN WHETHER A AND C
ARE UNDEFINED.

THE 'o' PRECEEDING A AND B IN THE FUNCTION HEADER TELLS US THAT
A AND B ARE OPTIONAL ARGUMENTS. OPTIONAL ARGUMENTS MUST BE
PASS BY-VALUE EXTRA ARGUMENTS. IF A FUNCTION HAS ANY OPTIONAL
ARGUMENTS, ALL ITS OPTIONAL ARGUMENTS MUST BE CONSECUTIVE,
AND THE LAST EXTRA ARGUMENT MUST BE AN OPTIONAL ARGUMENT.

OPTIONAL ARGUMENTS MAY BE OMITTED (AS OPPOSED TO MISSING) IN
THE FUNCTION CALL. WHEN DYADIC FUNCTION FN IS CALLED, THE FOURTH
AND FIFTH EXTRA ARGUMENTS MAY BE OMITTED:

X8«X7 FN[ Xu4;3;X33;X2] X1

HERE, THE UNDEFINED VALUE IS PASSED TO ARGUMENTS A AND B.
IN FACT, THE ABOVE CALL IS EQUIVALENT TO




X8«X7 FN[ ; ;X43X3:;X2] X1

BRACKETS IN THE FUNCTION CALL ARE UNNECESSARY IF ALL EXTRA
ARGUMENTS ARE OPTIONAL. THUS, '

V RESULT « ROTATE[ODIMENSION] VARIABLE

MIGHT BE THE HEADER OF A FUNCTION SIMULATING THE MONADIC é
PRIMITIVE FUNCTION.




|
1

ERROR MESSAGES )

CRMS APL SYNTAX ERRORS ARE DETECTED BY THE APL TRANSLATOR, NOT THE APL
MACHINE. THESE ERRORS ARE DOCUMENTED ELSEWHERZ. THE APL MACHINE
IS CAPABLE OF DETECTING SYSTEM ERRORS AND ALL NON-SYNTACTICAL
USER ERRORS. THE NON-SYNTACTICAL USER ERRORS ARE:
DATA SEGMENT OVEKRFLOW: ANALOGOUS TO WS FULL.
VALUE ERROR: ATTEMPT ©0 LOAD AN UNDEFINED VARIABLE ONTO THE STACK.
'PECULIAR VALUE ERROR: AN OPERAND ALREADY ON THE STACK IS UNDEFINED.
'RANK ERROR
LENGTH ERROR

WRONG INDICATOR ERROK: A CHARACTER ENCOUNTERED WHERE A NUMBER
SHOULD BE. : :

NUMBERIC OVERFLOW: FLOATING POINT EXPONENT OVERFLOW.

NUMERIC UNDERFLOW* : FLOATING POINT EXPONENT UNDERFLOW.

DIVISION BY ZERO:. ATTEMPT TO DIVIDE ANY NUMBER, INCLUDING ¢, BY 0.
DOMAIN ERROR .

WKRONG SUBSCRIPT COUNT: INCORRECT NUMBER OF SUBSCRiPTS.

INDEX ERROR: SUBSCRIPTS OUT OF BOUNCS.
DEBUGGING AIDS

STATEMENT TRACE/STOP: BREAKPOINT FEATURE ANALOGOUS TO Eﬁ OR A
FUNCTION CALL TRACE/STOP*
FUNCTION RETURN TRACE/STOP*

OPCODE TRACE/STOP*

* INTERRUPT CAN BE MASKED OUT AT MICROCOUDE LEVEL.




ABOUT THE NEW TERMINALS. . .

THE CRMS TERMINAL INTERFACE IS DESIGNED TO OPERATE DTC'S
MODEL 300 DIABLO TBERMINALS. THE 300 IS WEWER AND LIGHTER
THAN THE IBM 2741, THE TRADITIONAL APL\360 TERMINAL.

THE 300 ALSO COSTS HMORE.

THIS REPORT IS TYPED WITH THE DIABLO APL-ASCII DAISY WHEEL.
BESIDES CONTAINING ALL TAE GRAPHICS ON IBM'S APL SELECTRIC TYPEBALL,
THE DAISY WHEEL CONTAINS DIAMOND, DOLLAR SIGN, LEFT AND RIGHT BRACES,
AND LEFT AND RIGHT TACKS (O $§ { } ~ ). AND IN ADDITION TO THE
POSITIONING OPERATIONS OF THE 2741--SPACE, BACKSPACE, CARRIAGE
RETURN WITH LINEFEED, AND TAB--THE 300 CAN REVERSE LINEFEED,

TABSET, TABCLEAR, AND PLOT PERIODS SO CLOSE TOGETHER THEY TOUCH.

THE 300 IS OVER TWICE AS FAST AS THE 2741. THE HALF DUPLEX 2741
IS INCAPABLE OF TRANSMITTING AND RECEIVING SIMULTANEQUSLY.

THE CRMS TERMINAL INTERFACE EXPLOITS THE FULL DUPLEX WNATURE OF THE
300 BY SUPPORTING TYPE-AHEAD AND AN EXTREMELY POWERFUL EDITOR.
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