(/U *’/Q/ (5’ re l/ﬂe/

skok ok 3k sk sk ok 3k %k ok 5k 3k 3k 3k 5k % >k ok 5k 5k %k 5 >k ok ok 3 %k ok 5k ok % ok 5% ok ok ok ok 3 ok ok ok ok 3 5k 3k sk ok 3k K 3k %k 5K 5k 5k 3 % % %k K %k

APL\META«
MICROCODE

CRMS
1978 ~32

PAUL MCJONES

* X ¥ K K X X X ¥

ke sk ok ok sk ok ok sk ok ok ok ok sk ok ok ok sk ok ok ok ook sk ok ok okok sk ok ok ok ok ok ok ok ok Sk ok kR ok ok Sk ok skok ok Sk ok ok ok ok ok ok ok K
*

* ABBREVIATIONS

DECLARE MACRO DM « DECLARE MACRO3;

DM DR « DECLARE REGISTER3

DM DC « DECLARE CONSTANT:

*

DM MASK(MsN) « (21(16-(M))=-21C15-(N)))3; ¥ PUTS *"1"=8-IN P
* M THROUGH N
*

* INSTRUCTION MODIFIERS
DM ANDRETURN « Js3 DM ANDJUMP « Js
DM ANDREAD « MR3
DM ANDWRITE « M3
PM PALISE « PZ3
*
* META4 CONDITIONS
DM CARRY « CONDITIONSS&7=13 * META4 CARRY BIT
DM NOCARRY « CONDITIONSSMA=03 *
DM OVERFLOW « CONDITIONS®1=13 * OVERFLOW
DM NOOVERFLOW « CONDITIONSS]=03 *
*
%

DM SPILL « CONDITIONSS$2=1; SHLFT BIT

DM NOSPILL « CONDITIONSS$2=03;

* —

* STATEMENTS

DM_NOTYETINMPL « ZERO«ZERO+ RREAK—*=2;

DM CALL « LINKex+4. GOTO3 * URAGE: CALL ROU
DM CALLF(ROUTINEONFAILURE) « LINKe«*+6. GOTO ROUTINE. GOTO O
DM RETURN « GOTO @ 1IXs ’

DM RETURNIF(P) « GOTO @ IF P IX3s

- % THE FOLLOWING TWO MACROS CLOBBER THE REGISTER TEMP.

DM TESTEQUAL(REGsXsONFAILURE) « TEMP«REG EOR X.
' GOTO ONFAILURE IF TEMP#03
DM TESTNOTEQUAL(REG,X,ONFAILURE) « TEMP«REG EOR X.
GOTO ONFAILURE IF TEMP=73
*
DM TESTLESS(REG,X,ONFAILURE) « ZERO«REG-X. GOTO ONFAILURE IF
DM TESTNOTLESS(REGs¥XsONFAILURE) « ZERO«REG-X. GOTO ONFAILURE
* MACROS TO READ AND WRITE ANY SEGMENT. : ‘
DM READ(ADDR) « MEMADDR«ADDR MR3
DM WRITECADDR) « MEMADDR«ADDR M3
%
DM READL(ADDR) « MEMADDR«LFIRST+ADDR WMR3

DM READG(ADDR) « MEMADDR«GFIRST+ADDR MR3

3K 3k % % 3K K % % X ok %k kK

*
*
*
*
*
*
*
*
*
*

3k 3 3k >k %k 3k %k %k 3k kK

OSITIONS

SET?
RESET?
SET?
RESET?
SET 2
RESET?

TINES
NFAILURE

CARRY:
IF NOCARRY:

o



DM WRITELCADDR) « MEMADDR«LFIRST+ADDR MWs;
DM WRITEG(ADDR) « MEMADDR«GFIRST+ADDR MW3;

DM RMWL CADDR) « MEMADDR«LFIRST+ADDR MR MWs;
DM WAITREAD « ZERO«MEMDATAL PZ3

DM READLTOP « MEMADDR«LFIRST+LTOP MR3
DM WRITELTOP « MEMADDR«LFIRST+LTOP MW3; (31) TRAI
DM READTESTP(ADDR) « MEMADDR«PFIRST+ADDR MR. %
7ERO«PNLEN+ADDR. GOTO PERR IF CARRY3:
DM READTESTLC(ADDR) « READL(ADDR). ZERO«LNLEN+ADDR. GOTO LERR IF CARRY:
DM READTESTG(ADDR) « READG(ADDR). ZERO«GNLEN+ADDR. GOTO GERR IF CARRY3:
DM TESTLWRITE (ADDR)« ZERO«LNLEN+ADDR. GOTO LERR IF CARRY. WRITELCADDR):
DM TESTGWRITECADDR)« ZERO«GNLEN+ADDR. GOTO GERR IF CARRY. WRITEGCADDR):
DM TESTGRMW(ADDR) « ZERO+«GNLEN+ADDR. GOTO GERR IF CARRY.
MEMADDR«GFIRST+ADDR MR MW;
%k
DM INCLTOP « LTOP«LTOP+1. ZERO«LNLEN+LTOP. GOTO STKOFI IF CARRY:
*
* MULTIPLY TWO 16-BIT QUANTITIES: (T»,A)«AxB.
DM MULTIPLYCAsB,T) « Tefs Ae«A R1 SO
COUNTER«16+ LINKex+2.
Te«B*T R1 S0. A«A SI R1 SO D J3

- — . - SRy T SRS




*

* REGISTER DECLARATIONS.

CONFIGURE APL3;

* GENERAL REGISTERS:

DR
DR
DR
DR
DR
DR
DR
DR
DR
DR
DR
DR
DR
DR
DR
DR
DR
DR
DR
DR
DR
DR
DR
DR
DR
DR
DR
DR
DR
DR

ZERO “
CONDITIONS
LTNK

FLAGS
MEMADDR
MEMDATAL
IOSTATUS
MEMDATAR
PFIRST
PNLEN
LFIRST
LNLEN

GF IRST
GNLEN
LBASE

LTOP

PRASE

PCTR

AL

AR

BL

BR

TR

T1

T2

T3

T4

TS

T6

T7

DR T®

DR T9

* REGISTERS FOR
DR OPNO
DR APTR
DR BPTR
DR NELTS
DR RPTR
DR OPRET
* REGISTERS FOR
DR AEXP -
DR ASIGN =
DR FT1 €
DR FT2 «
* REGISTERS FOR
DR MKNELTS “
DR MKRANK
DR MKP

DR MKRIZE

) T £ ttT & % * *fFtTEPTrFEYELYSETTE L YE YR E S EEE TP Y ST Y

)

T

7?3

15 DR COUNTER  « 13
23
A3 % ASSORTED FLAG BITS
43 % ADDRESS FOR MEMORY ACCESS
S5 % LEFT HALF OF MEMORY DATUM
63 * INPUT/OUTPUT STATUS
73 % RIGHT HALF OF MEMORY DATUM
83 % BASE OF PROCEDURE SEGMENT
93 % 2'S COMPLEMENT OF PSEG LENGTH .
1M5 % BASE OF LOCAL SEGMENT (res| ffme st =545
113 * 2'S COMPLEMENT OF LSEG LENGTH
125 % BASE OF GLOBAL SEGMENT
135 * 2'S COMPLEMENT OF GSEG LENGTH
145 % LOCAL ENVIRONMENT POINTER
155 % TOP-OF-STACK POINTER
165 * PROCEDURE BASE POINTER
175 % CURRENT CODE BYTE POINTER (PBASE RELATIVE)
185 * AL,AR IS THE
195 * PRIMARY ACCUMULATOR
2As % BL,BR IS THE
215 * SECONDARY ACCUMULATOR
225 DR FIRSTBYTE « 223 * USUALLY HOLDS CURRENT SYL.
225 DR SEG - 233
2435 DR ADDRESS  « 243
253
263
273
28
29
303
215 DR TEMP « 313
GENSCALAR:
205 % INDEX IN GSTAB (SAME REGISTER AS FIRSTBYTE)
233 % CURSOR IN FIRST OPERAND
243 * CURSOR IN SECOND OPERAND
255 % COUNTER (SAME AS MKNELTS BELOW)
265 * CURSOR IN RESULT ARRAY
273 % RETURN ADDRESS FOR OPERATOR ROUTINE

MONADIC AND DYADIC SCALAR OPERATOR ROUTINES:

283 * EXPONENT OF FLOATING-POINT RESULT

293 * SIGN OF RESULT

303 * TEMP

213 * TEMP

MAKE ()@

253 % NUMBER OF ELEMENTS IN ARRAY TO ALLOCATE

263 * RANK FOR NEW ARRAY BLOCK

273 * POINTER TO NEW ARRAY (ON RETURN FROM MAKE (D)
o83 * SIZE,OF NEW ARRAY BLOCK (ON RETURN FROM MAKE ())

=




DR MKT1

DR MKT2

DR MKTR

* REGISTERS
DR FRP

DR FRSIZE
DR FRTI

DR FRT2

T

WWMNOMN 7T WWN
ot BV e le < [ o B

T

FOR

T * T %

* TEMP
* TEMP
* TEMP
EC) 2
* POINTER TO ARRAY BLOCK

20

We \es Me e [T] we we e

TO FREE




*

* FLAG

* HERE ARE MACROS TO SET AND CLEAR BITS OF THE FLAG REGISTER
* THE ARGUMENT FOR EACH IS A MASK WITH A
CLEARFLAG(BITS)
‘DM SETFLAG(BITS)

BM

* HERE ARE

DC
DC
DC

*
DC
DC
DC
DC
DC
DC

DC
DC
DC
DC

DC

PCB1 3
PCB1 4

‘PCB15

NUMOP
MONOP
ASCALAR
BSCALAR
RARRAY
INTRPT

IMODE «
FCNCTRC
FCNRTRC
STEP

I0RG

BITS

* @3

« 13

« 23 DC
DC

« R’3 DC

« 43 DC

« 53 D€

« 63 DC

« T3 DC

« &3 DC
DC

113 _*BIT

« 123

« 133

« 143

« 1535 DC

PCB15BIT
PCLOWB

NUMOPB
MONOPR
ASCALARR
BSCALARB
RARRAYR
INTRPTR
OPFLAGSR

IORGB

T

¥ £ + F £ T 9

THAT INTEGER OPERATIONS

-

n20000B 3
1670008 ;

A12AARR 3
AALAARAR 3
AA2AAGB 3
AN1AAAB 3
AAALAAR 3
NAN2AAR 3
A1 7607483

ANAAA1B 3

1 FOR EACH BIT TO BE AFFECTED.

« FLAGS«FLAGS AND (A-C(BRITS)-1);
« FLAGS«FLAGS OR BITS3

THE DEFINITIONS OF THE BIT POSITIONS.

* THESE THREE BITS
* MUST BE LEFTMOST
* IN FLAGS

WILL BE TRIED

* THIS FLAG MUST BE RIGHTMOST

pC UFAObE 10

~ L
W

i ;D/@' S ’lo"’:

'




*
* INTERPROCESSOR COMMUNICATION

*
* IPC FLIPFLOPS C(IOSTATUS BIT POSITIONR)

DC FFSAREAD « 143 * READ FFL[SA]
DC FFSARST « 1235 DC FFSARSTB « A00n17@Bs * RESET FFL[SA]
DC FFASSET « 133 DC FFASSETB « A0AAMA4Bs % SET FFLAS]

*
* ADDRESSES OF COMMUNICATION WORDS

DC APLCOMWD « 457B3 *x SIMPLE-TO-APL COMMAND WORD

DC APLSTATWD « 46AR3 * APL-TO-SIMPLE STATUS WORD

DC APLDSEGWD « 461B3 * DATA SEGMENT DESCRIPTOR WORD

DC APLPSEGAWD « 462B3 * PROCEDURE SEGMENT DESCRIPTOR WORD

DC APLPSEGI WD « 463B3 * ALTERNATE PROCEDURE SEGMENT DESCRIPTOR WORD

*
* STATUS CODES ISSUED BY THE APL PROCESSOR

3 * "WHOOPS, STARTED WHILE RUNNING"
3 *x "OKs STOPPED"
- * "TRAP'I

DC STATWHOOPS « 1
DC STATOK = 2
DC STATTRAP « 23




*
* PROCEDURE BLOCKS

* 18T WORD» LEFT HALF:
DC CALLTRACE « 1
DC RTNTRACE « 2
DC RESULT « R

be e w

DC NLINESB « @@77778B;
* 1ST WORD» RIGHT HALF:

DC NARGSB « 17707A7B 3

DC NLOCALSB « @m7777B;
* PROCEDURE BLOCK-RELATIVE ADDRESS OF FIRST CODE SYLLABLE:
DC CODEOFFSET « 23




*
* DATA SEGMENT STATE

DC SBSP
DC FLLR

DC TRAPINFO

DC SAVENO

DC SAVEAR

DC SAVERX

DC ROVER

DC BLOCKPTR

*

DC GLOBALOFFSET

NDON—=
We e We e e e Me e

oy

- AN B A A N
~N 3N

b %
(8]
e

AREA
* CONTAINS SBASE», SPTR
* CONTAINS FLAGSs LBASE
* GETS TRAP CLASS, NUMBER
* SAVE NELTS, OPNO AFTER INTERRUPT OF GENOP
* " APTR» BPTR "
* " RPTR &
* FREE POINTER FOR ARRAY SPACE
* ADDRESS OF LAST ARRAY BLOCK ALLOCATED

+*

G-RELATIVE ADDRESS OF FIRST GLOBAL VARIABLE



*

* DESCRIPTOR TYPES

DC FLOTYPE « 13 * NUMERIC SCALAR IN FLOATING-POINT FORMAT
DC INTTYPE « 23 * NUMERIC SCALAR IN INTEGER FORMAT

DC CHTYPE « 33 * CHARACTER SCALAR

DC ARYTYPE « 43 % ARRAY

DC REFTYPE « 53 x INDIRECT PARAMETER WORD

DC UNDFTYPE « 63 % UNSPECIFIED VALUE

*
* DESCRIPTOR TEMPLATES
DC FLOTYPER « FARGAAABS
DC INTTYPER « A20MARR S

DC CHTYPER « A1APRAGRS
DC ARYTYPER « AR4AGNARB3
DC REFTYPER « A02AAARBS
DC UNDFTYPEB « A7177AB3

%

* MASKS FOR INTERESTING SETS OF TYPES

DC NUMTYPER « R6AMAGARs * NUMERIC SCALAR TYPES

DC SCATYPEB « 27207%B3s x SCALAR TYPES

%

* FIELDS OF A FLOTYPE VALUE (FLOATING-POINT NUMBER) .
* LEFT HALF:

DC SIGN « @
DC COEFR1 « ]
* RIGHT HALF:

DC SIGNB « 1720607PBs DC SIGNC « @#77777B;

ETITY

DC COEFB23 « 73 DC COEFB23BIT « 00A4706B;
DC ROUND1 « &;
DC ROUND2 « 93 DC ROUND2B SLUICLEF
DC STICKY « 1@3 DC STICKYB  « 0AGA40B;
DC EXPR « PANATTB: DC EXPC « 177400B;
* B A bk | . ¢
DC EXPBIAS « 270B; N st LAPEY

*
DC FLPTI1L « m400@@ARBs DC FLPTIR « 0GAA20G7ABS; * FLOATING-POINT ONE
*

* OPCODE RITS

DC OPCB?A « g3 * 1 XXXMMMM
DC OPCR1 « 95 * X1 XXMMMM
DC OPCB2 « 103 * XX1XMMMM
DC OPCBR « 113 * XXX1MMMM
DC OPCB4 « 123 * XXXX1XXX
DC OPCBS « 133 * XXXXX1TXX
DC OPCR6 « 143 * XXAXXXIX
DC OPCB7 « 153 * XXXXXXXA
%

* ARRAY RLOCKS
* MACRO TO SET NEXT POINTER IN FREE BLOCK.
DM SETNEXT(PTRs>VAL) « TESTGRMW(PTR P1). WAITREAD.
MEMDATAR«MEMDATAR . MEMDATAL<VAL ANDWRITES:
* MACRO TO SET BACK POINTER IN FREE BLOCK.
DM SETRACK(PTRsVAL) « TESTGRMW(PTR P1)e. WAITREAD.
MEMDATAR«VAL. MEMDATAL<MEMDATAL ANDWRITE:



* FIELDS IN 1ST HEADER WORD:

DC THISFREE « @3 DC THISFREER « 100000B; DC THISFREEC « @77777B3s
DC PREVFREE « 13 DC PREVFREEBR « A40AAAB; DC PREVFREEC « 137777B:;
DC SLOPB « ARTLAAB;
DC RANKR « AAARTTR;

* MAXIMUM SLOP ALLOWED. THIS SYMBOL IS REFERENCED IN EXACTLY ONE PLACE.

* IN THE ROUTINE MAKE@). B e s 5
DC MAXSLOP « a3 sfieed Jr-reae slap -

* ARRAY BLOCK-RELATIVE ADDRESS OF FIRST SHAPE WORD:

DC SHAPEOQOFFSET « 23
*

* MISCe.

DC PSEGSEL « 43 DC PSEGSELB « 7R4077AB3;
DC FCNOB « AARTTIB3

*

DC LSEG « A3 * LOCAL SEGMENT

DC GSEG « 13 * GLORAL SEGMENT

*

BEONEINST 23 * ONE MICROINSTRUCTION OCCUPIES
i :

DC RMASKI1 - AAAAG1IBS
DC RMASK4 « AR TR 3

DC RMASK6 « AOGATTIB;
DC RMASKR « AAARTTR;
DC RMASK12 « ANT7777Bs

TWO WORDS




*
*
* TRAP HANDLING.

%
* CLASS 1 -- STORAGE OVERFLOW
STKOFI: LTOP«LTOP-13;

) STKOF ¢ T2«13 GOTO STGCLASS;
MKGOF ¢ —T2e23——

STGCLASS: T1e«13 GOTO

*
* CLASS 2 -- DEBUG

STEPTRAP: T2e«1
CALLTRAP: T2e23
DRGICLASS: T1+¢23
*

GOTO

RTNTRAP : T2«R33 GOTO DBGCLASS:

TRAP 3

TRAP1;

3 GOTO DBG1CLASS:;

—— FEG MHASIZE

* THESE TRAPS OCCUR AT THE
* COMPLETION OF THE INSTR.
* DON'T DECREMENT PCTR

*

AS USUAL»> THESE TRAPS OCCUR

BKPTTRAP: T2e43 * AT THE BEGINNING OF THE
DRGCLASS: T1«23 GOTO TRAP; * INSTRUCTION
¥
* CLASS 3 -- SYSTEM AND/OR COMPILER ERRORS
PERR : T2«13 GOTO SCCLASS:
LERR 2 T2«23 GOTO SCCLASS;
GERR: T2«33 GOTO SCCLASS; B Ea
. gne vree nd e
STKUFERR: T2«43 GOTO SCCLASS; e aerive
g / - ) some Vilve eqiors T )
WHATERR:  T2«¢53 GOTO SCCLASS;(JfkﬂHfﬂ b hece [i2- memedic
*
REFERR T2«63 GOTO SCCLASS3
*
MRSYLERR: T2«73 GOTO SCCLASS;
SCCLASS;

MRUNDERR: T2¢8&3s QOTO

* oy ‘ WY
GSHNPERR:  T2«93 GOTO

*

ETCUNDERR: T2«113 GOTO SCCLASS:;

*
RETURNERR: T2¢«123

SCCLASSS -
GOUNDERR @ T2«17%3 GOTO SCCLASS:

SCCLASS: T1«33 GOTO TRAP:3;

*

* CLASS 4 -- ATTENTION

ATTNTRAP: T1e«43 GOTO TRAPN®;

*




=

* CLASS 5 -- RANK ERROR
RANKERROR: T1«53 GOTO TRAPN®3:

%
* CLASS 6 -- LENGTH ERROR

LENGTHERROR :T1«63 GOTO TRAPN®:

*
* CLASS 7 -- TYPE ERROR

7 TS Lt .

TYPEERROR: T1«73 GOTO TRAPN®G; e ‘
(LEMRAG | [HopFE //

% P ’
* CLASS 8 -- .DOMAIN ERRORS a \ %72 AF7EX jof '
(= i
I0F : GOTO UNTRAP?A IF OPRETS®1=13 *FAIL IF OPCODE WAS =
;g}ﬁgle OPRET$2=73 *SKIP IF OPCODE IS NOT <
0TO _[NTRAPA IF ASIGN=@3 *FAIL IF UNDERFLOW / )} pnced
%RAPU *SUCCEED IF OVERFLOW 1W' R UJJ@,(“‘ "
To~T 3 TO DOMCLASS: LA Iy .53 V>§£wwa
* CLAGS $ UFMopE= g, £F yoy-uvDE€FLInw Hepk
FEXPUF 3 GOTO UNTRAPA IF OPREFSI=l; *FAH—TF OPCODEWAS = 7
‘ T2«23. GOTO DOMCLASS:
"FEXPOF: GOTO &PR&RA [F OPRETS¥V=Z13 *FATL IF OPCODE —HAS—=
T2 «33 [60TO DOMCLASSS A FALSE ALARP TF oblolE psis L oe -

P /:1 LS J v
*UNTRAP BECAUSE OPCODE WAS = OR < AND WE WANT TO SUCCEED OR FAIL
UNTRAP® ¢ OPRET«GOOPRET3 GOTO OPRETURN®@3; *FAIL

UNTRAP1 @ OPRET«GOOPRETs GOTO OPRETURNI; *SUCCEED <~ /
sk “ Ja_
DIVAERR : T2«43 GOTO DOMCLASS:

K

DOMAINERROR :T2¢«53
DOMCLASS: T1«83 GOTO TRAP3

*
* CLASS 9 -- INDEX ERRORS

IXRNARGERR:T2+«13 GOTO IDXCLASS:
INDEXERROR ::T2+«23
IDXCLASS: T1+«935 GOTO TRAP3;

*

* CLASS 14 -- VALUE ERROR
VALUEERROR:T1«173 *xGOTO TRAPN®;

* TRAP OF CLASS WHICH TAKES NO NUMBER.

TRAPN® : T2«7 3
*GOTO TRAP3




HANDLE A TRAP. (T1,T2) CONTAIN THE TRAP (CLASS,NUMBER)s, WHICH WILL

BE- STORED IN THE STATE AREA OF THE DATA SEGMENT. ) R _MUST BE
DECREMENTED BY 1+FLAGSSPCLOW . IF FLAGS$RARRAY=]:(BLOCKPTR?CONTAINS
THE ADDRESS OF AN ARRAY WHICH SHOULD BE FREEDe. THE PROCESSOR

IS READY TO STOP. TRAPS WHICH SHOULDN'T DECREMENT THE PCTR (STEPTRAP
AND CALLTRAP) CAN BE HANDLED BY ENTERING THROUGH TRAP1.

¥ X K K X X ¥

¥ SET TR TO VALUE OF LEFTMOST 3 BITS OF FLAGS (I.E. FLAGS$SPCLOW) .
TRAP @ T3«FLAGS RE8;

T3«T3 R13 T3+«T3 R13 T3«T3 R15 T3«T3 R13 T3«T3 R1s;
* SET PCTR TO PCTR-(T3+1).

T3«T3 EOR =13

PCTR«PCTR+T33
* STORE TRAP INFORMATION IN STATE AREA OF DATA SEGMENT.
TRAP1 ¢ MEMDATAL«T13 MEMDATAR«T2:

WRITEGC TRAPINFO )3
* SET T1 TO STATUS CODE TO BE ISSUED BY STOP.
T1«STATTRAP;
GOTO STOP IF FLAGSSRARRAY=2;
* RELEASE THE WOULD-BE RESULT ARRAY» AFTER CLEARING FLAGS$RARRAY
* TO MAKE A "TRAP LOOP" TOTALLY IMPOSSIBLE).
READGC BLOCKPTR )3
CLEARFLAGC RARRAYB )3
FRP«MEMDATAL PAUSE3:
CALL FREE3:
* SET FLAGS$RARRAY TO 1 AGAIN (TO HELP DEBUGGING) AND STOP.
SETFLAGC RARRAYB )3
GOTO STOP;

P / _/ : {./ \";///‘»‘4'1 ns
pelow = lorns Al F

- & g M.l
LLACS?



SPECIAL TRAP HANDLERS FOR CONDITIONS ENCOUNTERED DURING START UP.
PROCESSOR STATE HASN'T BEEN LOADED YETs SO THE ORDINARY TRAP LOGIC
(WHICH SAVES THE STATE) CAN'T BE USED. ALL ARE CLASS 3!

* * ¥ ¥

*

* IILERRII

STLERR: T2«23 GOTO STSCCLASSS

>k

* "GERR"

STGERR: T2«33 GOTO STSCCLASS: 2 > SBASE

%

* "STKUFERR" o

FTFTKUFEPP:T2~K; *GOTO STSCCLASS; [ BASE 2= [ rpp

STSCCLASS: MEMDATAL«R3 MEMDATAR«T23:
WRITEGC TRAPINFO )3

* SET T1 TO STATUS CODE FOR STOPSTOP.
T1 «STATTRAP 3

*
GOTO STOPSTOP;




THE APL PROCESSOR RECEIVED A COMMAND WHILE RUNNINGs> AND WILL STOP
REGARDLESS OF WHETHER THE COMMAND WAS STOP OR START (THE ONLY
DIFFERENCE IS THE STATUS RETURNED). FIRST THE SIMPLE-TO-APL FLIPFLOP
MUST BE RESET. THEN THE STATUS CODE WILL BE DETERMINED.

* K ¥ ¥ ¥

STOPPED:  ITOSTATUS«FFSARSTR3 IOSTATUS«O:
*
READC APLCOMWD )3
* COMMANDS ARE @ FOR STOP> 1 FOR START.
* SET T1 TO STATUS TO BE RETURNED:

* STATWHOOPS FOR "WHOOPS, STARTED WHILE RUNNING"
* STATOK FOR "OKs, STOPPED"
WATTREADS

T1 «STATOK:

GOTO STOP IF MEMDATARS15=03
T1«STATWHOOPS:

*GOTO STOP3;




ISSUED .

* ¥ ¥ ¥

STOP:

THE PROCESSOR IS TO STOP. T1 SHOULD CONTAIN A STATUS CODE TO BE

STORE PCTR IN THE CURRENT STACK FRAMEs; STORE LTOP», LBASE.

AND FLAGS IN THE STATE AREA OF THE DATA SEGMENT.

RMWL ¢ LBASE P1 )3
WAITREAD:
MEMDATAR«PCTR3 MEMDATAL<«MEMDATAL ANDWRITES

MEMADDR«GFIRST+SBSP MR MWs * RMWGC SBSP D
WAITREADS
MEMDATAR«LTOP3 MEMDATAL«MEMDATAL ANDWRITES:

MEMDATAL«FLAGSs MEMDATAR<«LBASE:
WRITEGC FLLB )3

* ISSUE STATUS CODE.

STOPSTOP :

MEMDATAL«A3 MEMDATAR«T13
WRITEC APLSTATWD )3
IOSTATUS«FFASSETBs IOSTATUS«0s

* ENTER IDLE STATE.

*GOTO IDLES




*
* THE APL PROCESSOR STAYS IN IT S IDLE LOOP UNTIL IT RECEIVES A START
* COMMAND « (STOP COMMANDS RECEIVED WHILE IDLING ARE IGNORED.)

IDLE ¢ TEMP «IOSTATUS
7ot 5 GOTO IDLE IF TEMPSFFSAREAD=43 * NO COMMAND
* THE SIMPLE-TO-APL FLIPFLOP IS SET. RESET IT AND EXAMINE THE
¥ ASSOCIATED COMMAND WORD IN CENTRAL MEMORY .
IOSTATUS«FFSARSTRs IOSTATUS«@3
sk
READC APLCOMWD )3
* ONLY THE LOW ORDER RIT OF THE COMMAND WORD HAS MEANING:
* m => STOP.»
b3 1 => QTQRT.
WA ITREAD 3
GOTO IDLE IF MEMDATARS$15=23;
*GOTO START:

%*

ALREADY STOPPED



Lo G S R S S

LOAD THE APL PROCESSOR STATE AND BEGIN RUNNING.

THE CELLS APLDSEGWDs> APLPSEGAWD> AND APLPSEG1 WD CONTAIN THE
(BASE ADDRESS, LENGTH) OF THE DATA SEGMENT, PROCEDURE SEGMENT»> AND
ALTERNATE PROCEDURE SEGMENTs RESPECTIVELY.

THE DATA SEGMENT CONTAINS: SOME STATE WORDS», THE GLOBAL VARIABLES, AND
ARRAY STORAGE SPACE (COLLECTIVELY KNOWN AS THE '""GLOBAL SEGMENT"
THROUGHOUT THE APL PROCESSOR)3s AND THE STACK (KNOWN AS THE '"LOCAL
SEGMENT' ) .

THE FIRST WORD OF THE DATA SEGMENT HOLDS TWO 16-BIT QUANTITIES, SBASE
AND SPTR. SBASE IS THE LENGTH OF THE GLOBAL SEGMENT> WHICH IS

EQUAL TO THE DATA SEGMENT-RELATIVE ADDRESS OF THE LOCAL SEGMENT .

SPTR IS THE SBASE-RELATIVE ADDRESS OF THE FIRST AVAILABLE STACK

CELL>, OR ALTERNATIVELY IS THE LENGTH OF THE IN-USE PART OF THE STACK.

FROM THESE OUANTITIES WE COMPUTE THE VALUES FOR THE BASE-BOUND
REGISTERS GFIRST» GNLEN, LFIRST, AND LNLEN>, AND THE VALUE FOR LTOP.

START : READC APLDSEGWD )3

*

* ¥ ¥ ¥ ¥

THE BASE OF THE DATA SEGMENT IS THE BASE OF THE GLOBAL SEGMENT.
GFIRST«MEMDATAL PAUSE3:
TEMP«MEMDATAR EOR =13 * TEMP«-1-(DATA SEGMENT LEN)D
READ WORD OF DATA SEGMENT WITH SBASE., SPTR.
READGC SBSP )3
SET GNLEN TO -SBASE.
GNLEN«MEMDATAL EOR -1 PAUSE3s GNLEN«GNLEN+13
SET LFIRST TO SBASE+(BASE OF DATA SEGMENT).
LFIRST«MEMDATAL+GFIRST:;
SET LNLEN TO -(LENGTH OF DATA SEGMENT - SBASE)
LNLEN«MEMDATAL+TEMP P13
SET LTOP TO SPTRe.
LTOP «MEMDATAR

THE SECOND WORD OF THE DATA SEGMENT CONTAINS VALUES FOR THE REGISTERS
FLAGS AND LBASE.

READGC FLLB )3

FLAGS«MEMDATAL PAUSE3:

LBASE«MEMDATAR 3

NOW WE MUST CHECK THAT GNLEN, LNLEN, LTOP» AND LBASE ARE
"REASONARLE". THE FOLLOWING CONDITIONS MUST BE SATISFIED:
GLOBALOFFSET<=(=-GNLEN)
LBASE<LTOP <(=-LNLEN)
ZERO«GNLEN+ (GLOBALOFFSET=1)3
GOTO STGERR IF CARRY: * GLOBALOFFSET>(-GNLEN)

TEMP«LTOP EOR -13
ZERO«LBASE+TEMP P13
GOTO STSTKUFERR IF CARRY3: * LBASE>=LTOP




*

* ¥

ZERO«LNLEN+LTOP;
GOTO STLERR IF CARRY: * LTOP>=(-LNLEN)

SET PFIRSTs PNLEN, PBASE. AND PCTR.
CALL LOADP:3;

NORMALLY EXECUTION BEGINS AT CYCLE1l. HOWEVER IF FLAGSSINTRPT=1.
GENOP WAS INTERRUPTED AND SHOULD BE CONTINUED-.

GOTO GOCONT IF FLAGSSINTRPT=13

CLEARFLAGC PCLOWB+OPFLAGSB )3

GOTO CYCLE13;



© %k

*

* LOADP ()

*

* SETS PFIRST» PNLEN, PRASE, AND PCTR USING THE INFORMATION IN THE

* CURRENT STACK FRAME.

*

* [USES: T8s» T9s MEMORY REGISTERS.
LOADP READLC LRASE P1 )3

* SET T& TO ADDRESS OF SELECTED PROCEDURE SEGMENT DESCRIPTORs, EITHER
* APLPSEGAWD OR APLPSEG1WD.
TE-APEPSEGA WD
< GOTO LPt IF MEMDATAL$PSEGSEL=0 PAUSE;
T&APLPSEG! WD 3
* SET T9 TO FUNCTION NUMBERS

LP1 ¢ T2«MEMDATAL AND FCNOB3;
* SET PCTR TO VALUE SAVED IN CURRENT STACK FRAME.
PCTR«MEMDATAR:S

* READ THE SELECTED PROCEDURE SEGMENT DESCRIPTOR.
READC T& )3

* SET PFIRST»> PNLEN FROM THE DESCRIPTOR.
PFIRST«MEMDATAL PAUSE:
PNLEN«MEMDATAR EOR =13 PNLEN«PNLEN+13;

* SET PBASE FROM PROCEDURENDIRECTORYLFCNO]1 AND RETURN.
T9+T9+T9 s
READTESTPC T9 )3
PBASE«MEMDATAL PAUSE ANDRETURN3:




NEXTBYTE ()

* ¥ K X K H X ¥

THE FETCH AT "CYCLE".

NEXTBYTE: FLAGS«FLAGS+PCB15BIT:;
GOTO NB1X IF PCTRS$14=1
GOTO NB@1 IF PCTR&15=1
* FIRST BYTE.
NR7AA ¢ TEMP«PCTR R13 TEMP«TEMP R13
TEMP«PBASE+TEMP 3
READTESTP( TEMP )3
PCTR«PCTR+1
TEMP«MEMDATAL PAUSE R& ANDRETURNS
* SECOND BYTE.
NB@A1 2 TEMP «MEMDATAL AND RMASKS:
PCTR«PCTR+ZERO P1 ANDRETURN3:

tee  ‘ee

*

NB1X: PCTR«PCTR+13
GOTO NB11 IF PCTRS$15=03 * 11+1=100 (BASE
* THIRD BYTE.
NB1@: TEMP«MEMDATAR R&% ANDRETURNS
* FOURTH BYTE.
NB11: TEMP «MEMDATAR AND RMASKE:

RETURN3

SETS: TEMP = NEXT BYTE OF CODE.

UPDATES: FLAGS$PCLOW»> PCTR.

USES? MEMORY REGISTERS

NOTE: NEXTBYTE() ASSUMES MEMDATA Ls,R HAVEN'T BEEN USED SINCE

2)



NEXT2 ()
SETS:
IIPDATES
USES:
NOTE 3

* X K K X X ¥ ¥

NEXT2 s

TEMP = THE NEXT 16 BITS (TWO BYTES)
FLAGSSPCLOWs PCTR e

T&s T9=TEMP,» MEMORY REGISTERS.
NEXT2() ASSUMES MEMDATA LsR HAVEN'T
THE FETCH AT "CYCLE".

FLAGS«FLAGS+2*%PCB15RIT:;
GOTO NT1X IF PCTRS14=13
GOTO NT?1 IF PCTR&15=13

* FIRST & SECOND BYTES.

NTAR ¢

* SECOND &
NT@1 ¢

*
NT1X:

* THIRD &
NT1@
* FOURTH &
NT11:

TEMP«PCTR R13 TEMP<TEMP R13
TEMP «PBASE+TEMP

READTESTP( TEMP )3
PCTR«PCTR+23;

TEMP «MEMDATAL PAUSE ANDRETURNS
THIRD BYTES.

PCTR«PCTR+23

T&«MEMDATAL L&3;

TEMP «MEMDATAR RE&3

TEMP«T& OR TEMP ANDRETURNS

PCTR«PCTR+23
GOTO NT11 IF PCTRS&15=13;

FOURTH BYTES.

TEMP «MEMDATAR ANDRETURN:
FIRST BYTES.

TR«MEMDATAR L83

TEMP«PCTR R13 TEMP«TEMP RI1
TEMP«PBASE+TEMP 3
READTESTPC TEMP )3

TEMP «MEMDATAL PAUSE RS83
TEMP«T& OR TEMP ANDRETURNS

\as

OF CODE

BEEN DISTURBED

SINCE




TOP2 ()
SETS:
USES:
ABNORMAL

* ¥ ¥ X ¥ ¥

TOP2:

sk

* TOP )
*x SETS:

* USES:

* ABNORMAL

TOP ¢

AL>AR>BL,BR = THE TOP TWO ELEMENTS OF THE STACK.
TEMP, MEMORY REGISTERS.
EXIT: STKUFERR IF LTOP<LBASE+3.

TEMP«LTOP =13
READLC TEMP )3
TEMP«LBASE+233
TEMP«TEMP EOR =13
ZERO«LTOP+TEMP P13

GOTO STKUFERR IF NOCARRY: * LTOP<LBASE+3
BL«MEMDATAL PAUSE3;

BR«MEMDATAR:

*GOTO TOP3 * CALL TOP & RETURN
AL,AR AND MEMDATA L>R = THE TOP ELEMENT OF THE STACK.

TEMP» MEMORY REGISTERS.
EXIT: STKUFERR IF LTOP<LBASE+2.

READLTOP

TEMP«LBASE+23

TEMP«TEMP EOR -13

ZERO«LTOP+TEMP P13

GOTO STKUFERR IF NOCARRY:3: * LTOP<LBASE+2
AL<MEMDATAL PAUSE3:

AR«MEMDATAR ANDRETURN:;



* DECRFCC)

* CALL: READ( <DESCRIPTOR ADDRESS> )3

* CALL DECRFGC3

*  OR: FRP«<ARRAY ADDRESS>;

* CALL DECRFCF3

* USES: TEMP, FRPs FRSIZEs FRT1s FRT2, MEMORY REGISTERS

Sk

**x FUNCTION DECRFC(X);

o IF XSTYPE=ARRAYTYPE DO;

o XSADDR +RFC«XSADDR+RFC~-13

*k IF XSADDR.RFC>@ DO3;

ok FREEC X$ADDR )3

*x ENDIF 3

o ENDIF 3

ok RETURN; o

*x ENDFUNC3 r

DECRFC: TEMP «MEMDATAL EBR ARYTYPEB PAUSE3:
RETURNIF ( TEMf??iﬂ )3
FRP «MEMDATAR

DECRFCF:  TESTGRMWC( FRP P1 )3
TEMP «MEMDATAL-1 PAUSE; * TEMP«(REFERENCE COUNT) -1
GOTO DRFREE IF TEMP=073
MEMDATAR «MEMDATAR 3 * UPDATE ARRAY.RFC &
MEMDATAL«TEMP ANDWRITE ANDRETURN3;*  RETURN

*

DRFREE 3 MEMDATAL«# ANDWRITE3 * FINISH RMW CYCLE
GOTO FREE; * CALL FREE & RETURN

(FRP,




* PROCESSOR MAIN LOOP

ok

** WHILE TRUE DOs

%%
$ok
$ok
%ok
%k
Kok
%%k
ok
sk
ok
ok
*%
%k
%%k
*o%
* %
%k
%ok
*ok
*k
%k
%k
ok
*xk
%k
* %

FIRSTBYTE«NEXTBYTE ()
IF FIRSTRYTESOPCBA=A DO;
IF FIRSTBYTESOPCRB1=A DO
SHORTLOCAL ()
ELSE DO3
IF FIRSTRYTESOPCB2=7 DO;
LONGLOCGLORB () 3
ELSE DO3 S
MEMREF () (7577 L
ENDITF 3
ENDIF 3
ELSE DO3
IF FIRSTRBYTESOPCB1=2 DO;
IF FIRSTBYTESOPCR2=7 DO;
IF FIRSTBYTESOPCR3=0 DO
GENSCALAR () 3
ELSE DO;
INDEX ()3
ENDIF 3
ELSE DO;
SHORTCONST () 3
ENDIF3
ELSE DO
ETC ()3
ENDIF 3
ENDIF 3

*% ENDWHILES:

-

AASSSSSS

Z172XLLLL

711 xXMMMM

17072 MMMM

10601 MMMM

171 NNNNN

11855855

LLLLLLELLE

<LOC OR GLB SYL>

NNNNNNNN




*
* MANY PLACES IN THE MICROCODE NEED TO STORE A VALUE ON THE TOP OF THE
* STACK BEFORE BRANCHING TO CYCLE. THEY CAN ACCOMPLISH THIS BY

* LOADING MEMDATA L»R AND BRANCHING TO WLCYCLE.

*

WLCYCLE: WRITELTOP;

* HERE BEGINS THE INSTRUCTION CYCLE-.
* THE CALL TO NEXTBYTEC() IN THE MAIN LOOP IS CODED OPENs AND OF COURSE
* MUST ALWAYS FETCH THE CURRENT INSTRUCTION WORD-.

* SET EACH OF THE "TEMPORARY" FLAG BITS TO ZERO.
CYCLE: CLEARFLAGC PCLOWB+OPFLAGSB )3
* GENERATE A STEP TRAP IF THE STEP MODE BIT IS SET.
GOTO STEPTRAP IF FLAGSS$STEP=13;
* STOP THE PROCESSOR IF AN EXTERNAL COMMAND HAS ARRIVED.
CYCLE1: TEMP«IOSTATUS:
GOTO STOPPED IF TEMPSFFSAREAD=13
* FETCH THE CURRENT INSTRUCTION WORD.
TEMP«PCTR R13 TEMP«TEMP R13
TEMP«PBASE+TEMP 3
READC PFIRST+TEMP )3 * READPC TEMP )
INCREMENT THE PCTR.
PCTR«PCTR+13;
* TEST THAT TEMP CONTAINS A VALID PROCEDURE SEGMENT ADDRESS.
ZERO<«PNLEN+TEMP 3
GOTO PERR IF CARRY3
NOW DISPATCH ON THE BOTTOM 2 BITS OF PCTR» WHICH HAS BEEN INCREMENTED.

*

*

GOTO FR1X IF PCTR®14=1: * BITS WERE @1 OR 18

*

i GOTO FB@1 IF PCTR$%15=13 * BITS WEé:L;EN\\\7%p,u¢ 7+

* FOURTH BYTE. / -

FRGAM 3 WA ITREAD 3 el *AC/
FIRSTRYTE«MEMDATAR AND RMASKS: vect. |
GOTO DECODE3 —_—

¥ FIRST BYTE.

FBM1 ¢ FIRSTBYTE«MEMDATAL PAUSE RE&3;
GOTO DECODE3:

*

FR1X: GOTO FB11 IF PCTR®15=13 * BITS WERE 17

* SECOND BYTE.

FB17 s FIRSTRYTE«MEMDATAL AND RMASKE PAUSE3

GOTO DECODE3s
* THIRD BYTE.
FB1 13 WAITREAD;
FIRSTBYTE<«MEMDATAR RE&3
*GOTO DECODE3
DECODE ¢ GOTO OPC1XXxX IF FIRSTBYTESOPCB@A=13
GOTO OPCA1XX IF FIRSTBYTESOPCB1=13
*GOTO SHORTLOCAL:



*ok

#* OPCODE SHORTLOCAL:
*k STACKITC LSEGS
**x ENDOP3;

LBASE+FIRSTBYTESSHORTOFFSET-64 )

SHORTLOCAL :ADDRESS«FIRSTBYTE OR MASK(#,0PCB1)3* SIGN EXTEND

LOCAL : ADDRESS«LBASE+ADDRESS 3
SEG«LSEGS

*ok

**% FUNCTION STACKIT( SEGs, ADDRESS )3

*k LTOP«LTOP+1;

ok LSEGILTOP 1«SEGLADDRESS 13

*k INCRFC ()3

ok RETURNS

*% ENDFUNC 3

STACKIT: CALL CEAs * MEMDATA«SEGLADDRESS]
TESTNOTEQUALC MEMDATALS, UNDFTYPEB, VALUEERROR )3
ALMEMDATAL: AR<MEMDATARS
INCLTOP3
MEMDATAL«AL3 MEMDATAR<ARS
WRITELTOP: * LSEGLILTOPI«<MEMDATA
*GOTO INCRFCs * CALL INCRFC & GOTO CYCLE

*%

**% FUNCTION INCRFC()

*% IF LSEGLLTOPISTYPE=ARRAYTYPE DO3

*ok LSEGLLTOP 1SADDR +RFC«LSEGILTOP ISADDR«RFC+1 3

*ok ENDIF 3 j ) s )

*%  RETURN: GSEC [1e 1 5EF [LTOP] f ADOR[EREC +]

*% ENDFUNC 3
INCRFC: TESTEQUALC ALs ARYTYPEB.»
TESTGRMWC AR P1 )3
WA ITREAD S
MEMDATAR«MEMDATAR
MEMDATAL«MEMDATAL+1
GOTO CYCLE3

ANDWRITESS

CYCLE )3

* MODIFY 2ND HEADER WORD




%
OPC@1 %X GOTO MEMREF IF FIRSTBYTESOPCBR2=13

sk
** OPCODE LONGLOCGLOB:

ok ADDRESS«(FIRSTBYTE LS&H & OR NEXTBYTE())SLONGOFFSET:

kk IF FIRSTBYTE$OPCB3=0 DO3;

*k STACKITC(C LSEG, LBASE+ADDRESS=-4096 )3

%k ELSE DOs

*k STACKITC GREG, ADDRESS )3

ok ENDIF s

%%k RETURN3

**x ENDOP3

LONGLOCGLOB sCALL NEXTBYTE: * TEMP«NEXTBYTEC()

ADDRESS«FIRSTBYTE L83
ADDRESS+«ADDRESS OR TEMP3;
GOTO LONGGLOBAL IF FIRSTBYTE$OPCB3=13
LONGLOCAL: ADDRESS«ADDRESS OR MASK(@,3)3; * SIGN EXTEND LOCAL ADDRESS
GOTO LOCAL3:
LONGGLOBAL :ADDRESS<ADDRESS AND RMASKI123
SEG«GSEGs
GOTO STACKIT:



3k

** OPCODE MEMREF ;3

%k
ok
ok
*ok
*ok
%k
%ok
%%k
%k
*k
¥
*ok
ok
*ok
%ok
¥k
*ok
Kok
*ok
*%
ok
Fk
ok
*ok
%k
ek
o
ek
%ok
%k
ok
%ok
ok
ok

DECLARE DCBYTE»> DCOPC3
DCBYTE«NEXTBYTE ()3
DCOPC«DCBYTESOPCODE
IF DCOPC<4 DOs;

SEG«LSEGs ADDRESS<LBASE+DCBYTESSHORTOFFSET-643

ELSE IF DCOPC=4 DO;
SEG«LSEGs

ADDRESS«LBASE+(DCBRYTE LSH 8 OR NEXTBYTE())SLONGOFFSET-40963

ELSE IF DCOPC=5 DOs
SEG+«GSEG; ADDRESS«DCBYTE LSH & OR
ELSE DOs
GOTO MRSYLERR3:
ENDIF 3
IF FIRSTBYTESOPCB3=0 DO3;
ASSIGNIDX ()3
ELSE DO3s
IF FIRSTBYTESOPCB4=2 DO;
IF FIRSTBYTE®OPCBS5=@ DO3
IF FIRSTBYTE$OPCB6=0 DO;
ASSIGNC)3
ELSE DO:
IF FIRSTBYTESOPCB7=@ DO3;
REFERENCE ()3
ELSE DO3
TESTDEF(C) 3
ENDIF3;
ENDIF 3
ELSE DO3s
MRUNDERR () 3
ENDIF;
ELSE DOs
MRUNDERR () 3
ENDIF 3
RETURN3

x*% ENDOP 3

NEXTBYTE () SLONGOFFSET3

* 2110

* 7111

* 7111

* A111

* A111

* 7111

MMMM

PADK

PA1a

011

~1XX

1 XXX




MEMREF @ CALL NEXTBYTE3:
GOTO MRSYLERR IF TEMP$OPCB#=13
GOTO MRLONG IF TEMP$%OPCB1=13
* SHORT LOCAL = gaXxX
ADDRESS«TEMP OR MASK(Z,0PCB1)3
MRLOCAL s REG«LSEG:
ADDRESS«LLRASE+ADDRESS:
LINK«MRDCDED3 GOTO CEA3
*
MRLONG: GOTO MRSYLERR IF TEMP$SOPCB2=1:

ADDRESS«TEMP L83

CALL NEXTBYTE3;

ADDRESS«ADDRESS OR TEMP3

GOTO MRGLOBAL IF ADDRESS$3=13;
* LONG LOCAL = G120

ADDRESS«ADDRESS OR MASK(#,3)3

GOTO MRLOCAL3

*

*

*

*

TEMP«NEXTBYTE ()
ADDR. OPCODES ARE G0XX>210X

SIGN EXTEND

CALL CEA & GOTO MRDCDED

TEMP«NEXTBYTE ()

SIGN EXTEND

MEMDATA<«GSEGLADDRESS ]

* LONG GLOBAL = @171
MRGLOBAL: ADDRESS«ADDRESS AND RMASK123:
SEG«GSEG:
CALL CEA: *
*
MRDCDED ¢ GOTO MRSWITCH IF FIRSTBYTE$OPCB3=13:
%%

**% SUUBOP ASSIGNIDX3

FIRSTBYTE«FIRSTRYTE AND RMASK4:
CALL ACOPY:3:

T1<«AR3

T2 «LTOP3

CALL INDEXER?

* FETCH THE VALUE -TO BE ASSIGNED.

*
*
*
*
*

EXPECTED RANK FOR INDEXEROCO)
SETS AR TO ARRAY ADDRESS
FOR INDEXERC)

ADDRESS OF FIRST SUBSCRIPT
SETS T3 TO ADDR OF ELEMENT

* IF AN "ASFIGN’ﬁAVELED" INSTRUCTION IS ADDED, IT SHOULD END WITH

* A TRANSFER TO HERE:

AIY: READLC T2 )3
TEMP«LBASE+23 TEMP«TEMP EOR =13
GOTO STKUFERR IF NOCARRY:3

* DISPATCH ON TYPE OF THIS VALUE.

ZERO«T2+TEMP P13

TEMP«MEMDATAL AND SCATYPEB PAUSE;

GOTO AISCA
GOTO

IF TEMP#@3

F MEMDATALSARYTYPE=13

GOTO WHATERR3 s I

* PERFORM THE ASSIGNMENT. IXCcALL

ATSCA: MEMDATAL«MEMDATAL3 MEMDATAR«MEMDATARS
TESTGWRITEC T3 )3
LTOP «T23 * POP SUBSCRIPTS

GOTO CYCLEs




ACOPY () =-- ENSURE THAT THE VALUE OF A GIVEN VARIABLE IS AN ARRAY
WITH REFERENCE COUNT OF ONE.
CALL: CALL CEA3 * SETS T1=SEGs T2=ADDRESS, MEMDATA LsR

CALL ACOPY .
RETURN: AR CONTAINS THE ADDRESS OF THE ARRAY WHICH IS (NOW) THE
VALUE OF THE VARIABLE AT SEGLADDRESSI].
USES: EVERYTHING> EXCEPT T@A=FIRSTBYTE.

¥R K ¥ K K ¥ ¥ X

* CHECK THAT THE VALUE OF THE VARIABLE IS AN ARRAY.

ACOPY: TEMP«MEMDATAL AND SCATYPEB:3
GOTO RANKERROR IF TEMP#03
GOTO WHATERR IF MEMDATALSARYTYPE=33

* IF THE REFERENCE COUNT IS ONEs JUST RETURN A POINTER TO THIS ARRAY.
AR«MEMDATAR;
READFESTFE—AR P1 )3 * READ 2ND HEADER WORD
TEMP«MEMDATAL EOR 1 PAUSE3;
RETURNIFC TEMP=6 )3

* THE REFERENCE COUNT IS NOT ONE. COPY THE ARRAY.
MKNELTS «MEMDATAR
READTESTGC AR )3 ‘ * READ 1ST HEADER WORD
AL<LINK3:
MKRANK<«MEMDATAL AND RANKB PAUSE;
CALL MAKE: * MKP «MAKE (MKRANK, MKNELTS)
LINK«AL: '

* WRITE A DESCRIPTOR FOR THE NEW ARRAY AT SEGLADDRESS1].
MEMDATAL«ARYTYPEB3s; MEMDATAR«MKP3;
GOTO ACGLO IF SEGS$15=GSEG:s

ACLOC: WRITELC ADDRESS )3 GOTO ACY:s

ACGLO: WRITEG( ADDRESS )3

* COPY THE SHAPE AND RAVEL WORDS| FROM THE OLD ARRAY TO THE NEW ONE.
ACY: NELTS«MKNELTS+MKRANK:3

BPTR«AR+SHAPEOFFSET};
RPTR«MKP+SHAPEOFFSET 3

ACLOOP: READTESTGC BPTR )3 BPTR«BPTR+1 3
TEMP «MEMDATAL PAUSE3:

MEMDATAL<TEMP 3
MEMDATAR«MEMDATAR 3

WRITEGC RPTR )3 RPTR«RPTR+13
NELTS«NELTS-13
GOTO ACLOOP IF NELTS#03

* RETURN POINTER FOR NEW ARRAY.

FRP «AR 3
AR «MKP 3 * CALL DECRFCF(FRP) &
GOTO DECRFCF3 * RETURN

{ / ? > 4
\/ ask L BRS ADDEESS,
R EAL G L




*
MRSWITCH: GOTO MRUNDERR IF FIRSTBYTE$OPCB4=1
GOTO MRUNDERR IF FIRSTBYTESOPCBS5=1
GOTO MRSPAMA1X IF FIRSTBYTESOPCB6=13

R TETY

skk

%k SUBOP ASSIGN:

. DECRFC( SEGIADDRESSI ) IF SEGIADDRESSISTYPE=ARRAYTYPE3
ok SEGLADDRESS J«LSEGLLTOPI;

5ok IF FIRSTRYTESOPCRB7=0 DO; * ASSIGN PROPER

*ok INCRFC ()3

ok ELSE DO3: * ASSIGN> NO RESULT

%k LTOP«LTOP-13

sk ENDIF 3

sk RETURN;

ASSIGN:> CALL DECRFC3

— CALL TOP: * AL>AR « LSEGLLTOP]

MEMDATAL«ALs MEMDATAR«ARS
GOTO ASGLOBAL IF SEGS15=GSEG:
ASLOCAL: WRITELC ADDRESS )3
GOTO ASYs
ASGLOBAL: WRITEGC ADDRESS )3

ARY 2 GOTO INCRFC IF FIRSTRBYTESOPCR7=03 * ASSIGN PROPER ELSE NO
LTOP«LTOP-13 * DECREMENT STACK POINTER
GOTO CYCLE:

%

MRSGAA1X e GOTO TESTDEF IF FIRSTBYTESOPCB7=13

%k

* MAKE A REFERENCE DESCRIPTOR FOR @SEGLADDRESS1].

REFERENCE: INCLTOP3;

TEMP«SEG AND RMASKI1 3 * EXTRACT SEG BIT
MEMDATAL«TEMP OR REFTYPEB3;

MEMDATAR«ADDRESS3

GOTO WLCYCLE: * WRITELTOP & GOTO CYCLE

*
* TEST WHETHER THE VALUE OF SEGIADDRESS] IS DEFINED OR UNDEFINED .

TESTDEF 2 INCLTOP:
MEMDATAL«INTTYPER:
MEMDATAR«1 3

* RECALL MEMDATAL IS A DOUBLE-SIDED REGISTER.
TESTEAUAL( MEMDATAL. UNDFTYPERs. WLCYCLE D3
MEMDATAR«® 3 * UNDEFINED
GOTO WLCYCLE;




* CEA Q)
* CALL:

SETS#

CEAG:
CEAY:

COMPUTE EFFECTIVE ADDRESS.

ADDRESS«SEGMENT-RELATIVE ADDRESS OF A VARIABLES

SEG«LSEG IF LOCAL ELSE GSEG IF GLOBAL3

CALL CEA3;

MEMDATA TO THE CONTENTS OF THE ADDRESSED VARIABLE:
ADDRESS,SEGS$15 TO THE EFFECTIVE ADDRESS,SEGMENTS
SEGSREFTYPE TO THE NUMBER OF INDIRECTIONS REQUIRED (<2).
TEMP > MEMORY REGISTERS.

GOTO CEAG IF SEGS$S15=GSEG:s

READTESTLC ADDRESS )3 GOTO CEAY:

READTESTGC ADDRESS )3

TEMP«MEMDATAL EOR REFTYPEB PAUSE3;

RETURNIFC TEMPSL#72 )3 * "DIRECT" TYPE

GOTO REFERR IF SEGSREFTYPE#0 3 * REF TO A REF (SEE BELOW)
ADDRESS«MEMDATAR 3 * T
SEG«MEMDATAL3 * SEGSREFTYPE«1 (SEE ABOVE)
GOTO CEA3




Fe

*. 0% X ¥

GENSCALAR = 1700AMMMM.

M IS THE OPERATOR NUMBERs AN INDEX IN GSTAB. FIRST COME THE
MONADIC OPERATORSs THEN THE DYADIC OPERATORS. NON-SCALAR
_OPERANDS CAUSE ELEMENT-BY-ELEMENT REPETITION OF THE GIVEN SCALAR
OPERATION.

DC GSTAB « *3

*

MONADIC OPERATORS:

DC IDOPNO « *x-GSTARS

%

* OPERANDS . D
DC GSCHMONOPN « %-GSTAB; fngx
PA-FA—T-E-S T AL —_ pATA ?
DATA _CONVERTS
* DYADIC OPERATORS:
DC .GSDYOPN) « *-GSTAB
— DATA SUM3
DATA DIFFERENCE3 !
DATA PRODUCT3 [ pyPECTT CF Rito=1] WEF
DATA QUOTIENT: | pome TESTMY/M £ o 9
AT/ D3 7 ors
S&TA' BOR goro eETs

*
%

DATA-IDENTETY S
DATA NEGATIVE:
DATA FLOOR3
DATA CEILING:
DATA MAGNITUDE 3
DATA NOT3;
THE FOLLOWING MONADIC OPERATORS ACCEPT CHARACTER OR NUMERIC

DATA LESS% #
THE NEXT OPERATOR ("EQUAL') IS THE ONLY DYADIC ONE ACCEPTING
CHARACTER OPERANDS, ALTHOUGH MORE COULD BE ADDED FOLLOWING IT.

DC GSCHDYOPN « *-GSTAB;

*

~ DATA EQUALj.— DATA TYPE oMV
THERE ARE NO MORE SCALAR OPERATORS.

DC GSUNDOPN « *-GSTAB3;

%k
%
%

IMPORTANT
THE VALUE "GSUNDOPN'" MUST BE NOT GREATER THAN 16.

DC IGOPNO « =l<—G.<TAR;’-7 TP £y

DATA IGELT3:

DC GOUNDOPN « *-GSTAB3

*

OPC1 XXX GOTO ETC IF FIRSTBYTESOPCB] =1

DATA GOUNDERR3;

OPCODE 11 ==
OPCODE 101 -
OPCODE 10201
OPCODE 1000

TR

GOTO SHORTCONST IF FIRSTBYTESOPCB2=1
GOTO INDEX IF FIRSTBYTESOPCB3=1
*GOTO GENSCALAR3

ve
* ¥ ¥ *



*
* BEGIN GENSCALAR.

(/\‘\g wl ({i, ;

* OPNO=FIRSTBYTE GETS OPERATOR NUMBER.
GENSCALAR: OPNO«FIRSTBYTE AND RMASK
* THE OPERAND FLAG BITS WILL BE
* OPERATOR IS MONADIC IF I ER IS LESS THAN GSDYOPN.
TESTLESSC OPNO» {G¢ GSTESTDY )3
* MONADIC OPERATOR. FETCH ITS OPERAND.
SETFLAG( MONOPR )3
TESTLESS( OPNO» GSCHMONOPN> GSTOP )3
SETFLAGC NUMOPB )3
GSTOP : LINK«GSDISPAS * CALL TOP &
GOTO TOP; * GOTO GSDISPA
* OPERATOR IS DYADIC IF ITS NUMBER IS LESS THAN GSUNDOPN-
GSTESTDY: ~TESTEESS( OPNQ, GSHNBORN, GSUNDERR Q3 ———
* DYADIC OPERATOR. FETCH ITS OPERANDS. \
TESTLESS( OPNO», GSCHDYOPNs, GSTOP2 )3\
SETFLAGC NUMOPB )3 \
GSTOP2: CALL TOP23: X
* DISPATCH ON TYPE OF FIRST (OR ONLY) OPERAND.  \
GSDISPA:  TEMP«AL AND NUMTYPEB;:

FOR GENOP .

P - T " L
GOTO GSSCAXXX IF TEMP#73 SEFCOS M-S YN D 0 /Y
GOTO GSARRXXX IF ALSARYTYPE=1; \ SETe LAz popsB)
: >

GOTO WHATERR IF ALSCHTYPE=%3
* FIRST OPERAND IS A SCALAR CHARACTER.
; GOTO TYPEERROR IF FLAGSSNUMOP=13;
* FIRST OPERAND IS SCALAR. DISPATCH ON TYPE OF SECOND OPERAND (IF
* ANY) .
GSSCAXXX: GOTO GSSCASCA IF FLAGSSMONOP=13 * NO SECOND OPERAND
TEMP«BL AND NUMTYPEB3
GOTO GSSCASCA IF TEMP#03
GOTO GSSCAARR IF BLSARYTYPE=13
GOTO WHATERR IF BLSCHTYPE=03
* SECOND OPERAND IS A SCALAR CHARACTER.
GOTO TYPEERROR IF FLAGSSNUMOP=13
* BOTH OPERANDS ARE SCALAR.
GSRCASCA: SETFLAGC ASCALARB+BSCALARB )3
LINK«OPNO+GSTAB:;
LINK«ZERO LOAD @3 * LINKe OPe. ROUTINE ADDRESS
OPRET<«GOOPRET3
GOTO @ IXs
* OPERANDS ARE SCALARs>ARRAY.
GSSCAARR: SETFLAG( ASCALARB )3
APTR<«BR3; * APTR<ARRAY ADDRESS
GSONEARR: READTESTGC( APTR )3
MKRANK«MEMDATAL AND RANKB PAUSE;s* MKRANK«RANK OF ARRAY
GOTO GSALLOC:
%
* FIRST OPERAND IS ARRAY. DISPATCH ON TYPE OF SECOND OPERAND (IF ANY).
GSARRXXX: GOTO GSARRSCA IF FLAGSSMONOP=13;
TEMP<«BL AND SCATYPEB3;
GOTO GSARRSCA IF TEMP#035




GOTO GSARRARR IF BLSARYTYPE=13;
GOTO WHATERR:3

* OPERANDS ARE ARRAY»SCALAR.

GSARRSCA: SETFLAGC BSCALARRB )3
APTR«AR3
GOTO GSONEARR3

* BOTH OPERANDS ARE ARRAYS.

GSARRARR: READTESTGC AR )3
MKRANK«MEMDATAL AND RANKB PAUSE; *x MKRANK«A.RANK
READTESTGC BR )3

* COMPARE RANKS OF A AND B.

GSCHKRANK: TEMP<MEMDATAL AND RANKB PAUSE: * TEMP«B.RANK
TEMP<TEMP EOR =13
T1 «MKRANK+TEMP P13 * T1«A«RANK-B+.RANK
GOTO GSDIFRANK IF T1#035

* A JRANK=B.RANK=N> SAY. IS A.SHAPELIJ=B.SHAPE[LI] FOR 1<=I<=N ?

T7«MKRANK:S * T7«N

T&«AR+SHAPEOFFSET 3 * T8«@A.SHAPEL1]

T9«BR+SHAPEOFFSET:3 * T9«@B+.SHAPEL1]
GSCHKSHP: READTESTGC TE& )3 * READ A.SHAPELI]

T&«T&+13

WAITREADs

T6<«MEMDATAR * NOTE MEMDATAL=INTTYPEB

READTESTGC T9 )3 * READ B.SHAPELI]

T9«T9+1 3

WAITREADS
T6«MEMDATAR EOR T63
GOTO GSDIFLEN IF Té6#03 * A«SHAPECLIJ#B.SHAPELI]
T7T«TT=-13
GOTO GSCHKSHP IF T7#63
* SHAPES ARE EQUAL.
APTR«AR3
* CREATE A NEW ARRAY BLOCK (TO HOLD RESULT) WITH THE SAME SHAPE AS
* THE ARRAY POINTED TO BY APTR.

GSALLOC: READTESTG(C APTR P1 )3 * READ 2ND HEADER WORD
WAITREADS
MKNELTS «MEMDATAR * NUMBER OF ELEMENTS

*

THE ROUTINE MAKEC(C() ALLOCATES AN ARRAY BLOCK, INITIALIZES ITS TWO
HEADER WORDS, AND RETURNS A POINTER TO THE NEW BLOCK IN MKP AND IN

*

* THE GLOBAL CELL BLOCKPTR.
CALL MAKE3: * MKPe«MAKE(MKRANK> MKNELTS)
SETFLAGC RARRAYB )3

* FILL IN THE SHAPE WORDS OF THE NEW ARRAY.
COUNTER«<MKRANK 3 * RANK
T8«APTR+SHAPEQOFFSET3 * T8«@A.SHAPEL1]1]
TEMP «MKRANK+SHAPEOFFSET 3
APTR«AR+TEMP 3
BPTR«BR+TEMP
RPTR«MKP+SHAPEOFFSET 3 * RPTR«@RESULT«SHAPEL11]
LINK«GSCOPSHP3;

GSCOPSHP: READTESTGC T8 )3
TEMP «MEMDATAL PAUSE3}
MEMDATAL«TEMP 3
MEMDATAR«MEMDATARS




WRITEGC RPTR )3
T8«T8+13
RPTR«RPTR+ZERO P1 D Js
* NOW OPNO» NELTS=MKNELTS. APTRs> BPTR» AND RPTR ARE INITIALIZED
* FOR GENOP. APPLY THE OPERATOR ELEMENT-BY-ELEMENT TO ITS OPERANDC(CS).
GOTO GENOP3
*
* OPERANDS ARE ARRAYS WITH DIFFERENT RANKS.
GSDIFRANK: LINK«RANKERROR:
GOTO GSCHKNELT3
* OPERANDS ARE RANK-N ARRAYS (N>@) WITH DIFFERENT LENGTHS.
GSDIFLEN: LINK«LENGTHERROR3:
* CHECK FOR A 1-ELEMENT OPERAND. RECALL T1=A.RANK-B.RANK.

GSCHKNELT: READTESTGC AR P1 )3 * READ 2ND HEADER WORD OF A
WAITREAD:
T2 +MEMDATAR-13 * T2«ANELTS-1
READTESTGC BR P1 )3 * READ 2ND HEADER WORD OF B
WAITREADS

T3«MEMDATAR=-13
GOTO GSAISI1ELT IF T2=03
GOTO GSPEELB IF T3=0;
GOTO @ IXs
* A.NELTS=1. IS B.NELTS=1 ALSO ?
GSAISI1ELT: GOTO GSPEELA IF TR#03 * ONLY A HAS 1 ELEMENT
* BOTH A AND B ARE 1-ELEMENT ARRAYS. TREAT THE ONE WITH SMALLER RANK
* AS SCALAR.

T3«B.NELTS-1

ANELTS=1

ONLY B HAS 1 ELEMENT
RANKERROR OR LENGTHERROR

* K ¥ ¥

GOTO GSPEELR IF T1$5a2=03 * BeRANK<=ARANK
* "PEEL" A (SET A«(RAVEL AJD[IORGI]1) AND RESTART GENSCALAR.
GSPEELA: FRP«AR3 * ARRAY TO PEEL
T1<LTOP; * PLACE FOR RESULT
LINK+«GENSCALAR3S * CALL PEELC(FRP> T1) &
GOTO PEEL3 * GOTO GENSCALAR

* "PEEL"™ B AND RESTART GENSCALAR. (PEEL() SAVES FIRSTBYTE.)
GSPEELB:¢ FRP«BR3;
T1+«LTOP-13
LINK«GENSCALAR:; * CALL PEEL(FRP»> T1) &
GOTO PEEL3 * GOTO GENSCALAR




GENOP =-- GENERALIZED OPERATOR APPLICATION.

DRIVEN BY THE FOLLOWING BITS IN THE REGISTER "FLAGS":
NUMOP=1 IFF THE OPERATOR WILL NOT ACCEPT CHARACTER OPERANDS:
MONOP =1 IFF THE OPERATOR IS MONADIC:
ASCALAR=1 IFF THE FIRST (OR ONLY) OPERAND IS SCALAR:;
BSCALAR=1 IFF THE SECOND OPERAND (IF ANY) IS SCALAR3
RARRAY=1 IFF THE RESULT IS AN ARRAY.

THE FOLLOWING REGISTERS SHOULD ALSO BE INITIALIZED BEFORE ENTERING
GENOP «
NELTS = NUMBER OF ITERATIONS:

¥ X X ¥ KK KX KN KKK KKK

APTR = CURSOR IN FIRST OPERAND»> IF FLAGSSASCALAR=0:
RPTR = CURSOR IN SECOND OPERAND, IF FLAGS$BSCALAR=03
RPTR = CURSOR IN RESULTs, IF FLAGS$SRSCALAR=0;

* OPNO = INDEX OF OPERATOR TO BE ITERATIVELY APPLIED.

GENOP : GOTO GENOPFIN IF NELTS=63 = |, >/
* CHECK FOR EXTERNAL COMMAND .
TEMP«IOSTATUSS
GOTO GOINTRPT IF TEMPSFFSAREAD=13:
* LOAD FIRQT OPERAND FROM STACK OR ARRAY INTO ALs>AR.

AET GOTO GOARRA IF FLAGSSASCALAR=D3:
GOSCAA: READLTOP3 GOTO GOWAITA:
GOARRA : READTESTGC APTR )3
GOWAITA: NELTS«NELTS-13
OPRET«GOOPRET 3

LINK«OPNO+GSTAR3; LINK«<ZERO LOAD @3
AL<«MEMDATAL PAUSE3; AR<MEMDATAR:
GOTO GOA IF FLAGSSNUMOP=03;

* OPERATOR REQUIRES NUMERIC OPERANDS -- CHECK A.
TEMP<AL AND NUMTYPEB:3;
GOTO TYPEERROR IF TEMP=03;

* APPLY THE OPERATOR NOW IF IT IS MONADIC.

GOA GOTO @ IF FLAGSSMONOP=1 IX3

* LOAD SECOND OPERAND FOR DYADIC OPERATOR INTO BL»>BR.
GOTO GOARRB IF FLAGS$BSCALAR=33

GOSCAB: TEMP«LTOP-13 READLC TEMP )3 GOTO GOWAITB3;

GOARRB: READTESTG( BPTR )3

GOWAITB: BL«MEMDATAL PAUSE3s BR«<MEMDATAR3:
GOTO @ IF FLAGSSNUMOP=7 IX3;

* OPERATOR REQUIRES NUMERIC OPERANDS =-- CHECK B.
TEMP«BL AND NUMTYPEB3:
GOTO @ IF TEMP#M@ IX;
GOTO TYPEERROR3:

* THE OPERATOR ROUTINE RETURNS HERE.

GOOPRET ¢ MEMDATAL«ALs; MEMDATAR<AR3S
GOTO GENOPFIN IF FLAGS$RARRAY=@3* RESULT IS SCALAR
TESTGWRITEC RPTR )3
APTR«APTR+13 BPTR«BPTR+13 RPTR«RPTR+13
GOTO GENOP 3




TRANSFER

* ¥ K ¥ ¥ *

GOINTRPT:

%

*
* CONTINUE

TO STOPPED. IF THIS PROCESS IS LATER RESTARTED»

RETURN TO GOCONT BELOW.

MEMDATAL«NELTS3 MEMDATAR«OPNO3
WRITEGC SAVENQO )3

MEMDATAL«APTR3 MEMDATAR«BPTR3
WRITEGC SAVEAB )3

MEMDATAL«RPTR3 *MEMDATAR<«ANYTHING:
WRITEG(C SAVERX )3

SETFLAGC INTRPTB )3
GOTO STOPPED3:

PROCESS INTERRUPTED IN GENOP. CLEAR FLAGSSINTRPT

* RESTORE THE REGISTERS> THEN CHECK THAT OPNO<GOUNDOPNe.

GOCONT ¢
*

CLEARFLAGC INTRPTB )3

READG(C SAVENO )3
NELTS«MEMDATAL PAUSE3 OPNO<MEMDATARS

READGC SAVEAB )3
APTR«MEMDATAL PAUSE; BPTR<MEMDATAR:

READG( SAVERX )3
RPTR<MEMDATAL PAUSE:;

TESTLESSC OPNO> GOUNDOPNs> GOUNDERR )3
GOTO GENOP3;

A COMMAND WAS RECEIVED IN THE MIDST OF GENERALIZED OPERATOR
APPLICATION. SAVE THE REGISTERS NELTS»> APTR» BPTR»> RPTR.»
IN THE STATE AREA OF THE DATA SEGMENT3; SET FLAGSSINTRPT TO 1> AND

AND OPNO

CONTROL WILL

AND
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GENOPFIN:

GOFCHKB @

GOFSTK:

NO CYyogV .“): A ar B SCo/é‘V fl AS(ALA-E of
gSLALAIZ 2 g respec five {x/

GENOPFIN MUST NOT BE CALLED WITH (FLAGSS)RARRAY=/ UNLESS ASCALAR=1
AND BSCALAR=1.

GOTO GOFCHKB IF FLAGSSASCALAR=13:
READLTOP Duecremert Retereny - _ 4
CALL DECRFC3 ¢ Coun
GOTO GOFSTK IF FLAGSSMONOP=13:

LTOP «LTOP =13

GOTO GOFSTK IF FLAGSSBSCALAR=13

READLTOP 3
CALL DECRFC3

GOTO WLCYCLE IF FLAGSSRARRAY=0;  Resy It Arﬁ/

READGC BLOCKPTR J3p— |
MEMDATAR«MEMDATAL PAUSE; MEMDATAL«ARYTYPEB3 i

GOTO WLCYCLE3:

TR
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* MONADIC SCALAR OPERATOR ROUTINES *
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* FLOOR *
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* (FLOOR A=A IF A IS AN INTEGER.
FLOOR ¢ GOTO IDENTITY IF ALSFLOTYPE=03:
sk
* (FLOATING-POINT) FLOOR.
* SETS: AL>AR TO THE FLOOR OF THE FLOATING-POINT NUMBER IN AL>AR.
* RESULT IS OF INTEGER TYPE WHENEVER POSSIBLE (I.E.
* WHENEVER EXPONENT OF OPERAND IS <= 22).
* USESs COUNTER> LINK. AEXP> ASIGN> FT1.
* UNPACK A
* AEXP GETS (ASEXP-EXPBIAS).
FFLO: AEXP«AR AND EXPB3 AEXP«AEXP-EXPBIAS:
* IF AEXP>22 THEN A IS ALREADY "INTEGRAL'"3 JUST RETURN IT.
FT1«AEXP-(22+1);
GOTO IDENTITY IF FT1$%0=03 * 23<=AEXP
* ASIGN$SSIGN GETS ASSIGNe.
ASIGN«AL AND SIGNB3
* AL>AR GET ASCOEF .
AL<AL AND SIGNC: AR<AR AND EXPC3
* IF AEXP <A THEN RETURN @ (IF A>3) OR -1 (IF A<@).
GOTO FFSHIFT IF AEXP$0=03 * @<=AEXP
LINK«OPRET:3
AL«ASIGN OR INTTYPERE3:
ZERO«ASIGN L1 SO * NOTE SIGN = BIT 0@
AR«ZERO SI L1 ANDRETURNS;
* SHIFT AL,AR RIGHT (22-AEXP) PLACES THROUGH A STICKY BIT.
FFSHIFT: COUNTER«FT1 EOR =13 * COUNTER<«22-AEXP
GOTO FFPACK IF COUNTERS$SR=@3 * AEXP=22
LINK«FFLOOP3;
FT1«33 * FT1$COEFB23 IS STICKY BIT
FFLOOP ¢ FT1«FT1 OR AR:3

AlL«AL R1 S03 AR«AR &I R1 D Js
* IF ASIGN#@ THEN ADD STICKY RIT TO AL»AR (ROUND UP).
GOTO FFPACK IF ASIGN=03
FT1«FT1 AND COEFB23BIT:;
AR«AR+FT13 AL<AL+ZERO CI;
* RETURN INTEGER WITH SIGN FROM ASIGNs MAGNITUDE FROM AL>AR.

FFPACK: FT1«AL L83 * SHIFT AL,AR
AL+«AL RS83 * RIGHT
AR<AR R&3 AR«FT1 OR AR3 * 8 PLACES

GOTO IPACK:3;
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* CEILING *
ok sk skok ok sk ok ok

* (CEILING
CEILING:
* (CEILING

b3

%
CEILNEG:

ook sk o ok sk ok %k ok ok
* NEGATIVE
sk sk sk ok ok 3k ok % ok %k %k

NEGATIVE:

* A#D .
NEGANZ

TOG

ook ok ok ok okok ok Kok

* MAGNITUDE
sk ok sk ok ok ok ok ok

MAGNITUDE 2
IDENTITY:

ek sk ok ok ok
* NOT *
ok ok ok ok sk ok

NOT ¢

Ad=A IF A IS AN INTEGER.

GOTO IDENTITY IF ALSFLOTYPE=33
A)=-(FLOOR -A) IN ANY CASE.
AL«AL EOR SIGNB3

FT2«0PRET;
OPRET«CEILNEGS
GOTO FFLO3

OPRET«FT23;
*GOTO NEGATIVES

*
%
*

GOTO NEGANZ 1F
GOTO NEGANZ 1F
GOTO IDENTITY IF
GLE ASSIGN.
AL«ALL EOR SIGNB3;
GOTO IDENTITY3:

ALSFLOTYPE#0 3
ALSR#7 3
AR=03

ok sk ok ok s ok ok ok ok ok ok ok ok

* » *x IDENTITY =*
%% s ok ok o ok ok ok ok ook ko

AL«AlL AND SIGNC3
LINK«OPRET 33
RETURN 3

CALL TESTLOGA;
AR«AR EOR 13
GOTO IDENTITY3:

OK SINCE A#n7

OPCALLC(FFLO)

(SAVES FT2)

OPCALL(NEGATIVE) &
RETURN

(-0)=0

CLEAR SIGN BIT

ENSURE A
A=>1>

IS INTEGER @ OR 1
1->0
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* TESTNUM =*
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* RETURN 1 FOR NUMERIC OPERANDs @& FOR CHARACTER OPERAND.

TESTNUM: GOTO OPRETURN1 IF AL$FLOTYPE=13
GOTO OPRETURN1 IF ALSINTTYPE=13
GOTO OPRETURNG IF ALSCHTYPE=13
GOTO WHATERR:

3k sk sk sk sk sk ok Sk sk skook

* CONVERT *
ok ok ok ok ok ok ok ok ok

* CONVERT CHARACTER TO INTEGER» INTEGER TO CHARACTER.

CONVERT ¢ GOTO CNVAFLO IF ALSFLOTYPE=13:
GOTO CNVAINT IF ALSINTTYPE=13
GOTO CNVACH IF ALSCHTYPE=13;
GOTO WHATERR3;

* A IS FLOATING-POINT.

CNVAFLO: CALL FIXAs

* A IS (NOW> AN INTEGER.

CNVAINT GOTO DOMAINERROR IF ALSSIGN#43;
GOTO DOMAINERROR IF ALSR#%3;
GOTO DOMAINERROR IF ARSL#03
AL<CHTYPEB3
GOTO IDENTITY:

* A IS A CHARACTER.

CNVACH: AL<INTTYPERS
GOTO IDENTITY:
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* DYADIC SCALAR OPERATOR ROUTINES x*
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* DIFFERENCE x
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* DIFFERENCECA>@)=A.
DIFFERENCE:GOTO DIFBNZ IF BL$FLOTYPE=13
GOTO DIFBNZ IF BR#03;

GOTO IDENTITY IF BL$SR=03 * B=0
% DIFFERENCE (A»>B)=SUMCA>-B).
DIFBNZ: BL«BL EOR SIGNB3 * Be«-B

*GOTO SUM3s

ook sk ok ok koK
% QUM %
ok ok ok kK

* PERFORM INTEGER ADDITION IF BOTH OPERANDS ARE INTEGERS.
SUMe FT1«AL OR BL3
GOTO SUMFLOAT IF FLAGSSIMODE=03:
GOTO SUMFLOAT IF FT1$FLOTYPE=13
INTEGER+INTEGER .
UNPACK A AND B.
ASIGN GETS AS$SIGN3 FT1 GETS (AFSIGN EOR BSSIGN) .
ASIGN«AL AND SIGNB3
FT1«AL EOR BL3
* AL>AR AND RL,BR GET A$MAG AND B&MAG RESPECTIVELY.
AL«AL AND RMASKSR3:
BL«BL AND RMASKE;
* THE TREATMENT OF LIKE AND UNLIKE SIGNS DIVERGES HERE.
GOTO IASUB IF FTISSIGN=13
ADD MAGNITUDES.
AR<«AR+BR3 AL<AL+BL CIs

* ¥ ¥

*

GOTO I0F IF AL$8=1; % INTEGER OVERFLOW
* PACK ASIGN.AL»AR INTO INTEGER FORMAT AND RETURN.
IPACK: NK«OPRET 3

AL«AL OR INTTYPEB3
AL«ASIGN OR AL ANDRETURN:
* SUBTRACT MAGNITUDES.
IASUB: BR<BR EOR =13 AR<AR+BR P13
BL<«BL EOR =13 AL<«AL+BL CI3
GOTO IASUBNZ IF AR#M3

GOTO OPRETURNG IF AL=03 * RESULT IS ZERO
IASUBNZ ¢ GOTO IPACK IF ALS$0=2;
* RECOMPLEMENT -- B HAD THE LARGER MAGNITUDES

AR«AR EOR =-13 AR«AR+ZERO P13
AL«AL EOR -13 AL<AL+ZERO CI3;
ASIGN«ASIGN EOR SIGNB3

GOTO IPACK3;



* AT LEAST ONE OF A5B IS FLOATING-POINT.
SUMFLOAT: GOTO SUMCHKB IF ALSFLOTYPE=13: * A IS FLOATING-POINT
* A IS AN INTEGER.
CALLFC FLOATA> OPRETURNB )3
SUMCHKR ¢ GOTO FADD IF BLSFLOTYPE=13:
* B IS AN INTEGER.
CALLFC FLOATBs IDENTITY )3 * FLOATB() FAILS IF B=0
*GOTO FADD3:

*

FLOATA() FAILS IF A=0
B IS FLOATING POINT

*

*
* FLOATING-POINT ADDITION.
* USES: COUNTER» LINK», BL» BR»> ASIGN, AEXP, FT1, FT2.

* UNPACK A AND B.

* AEXP GETS ASEXP (STILL BIASED) AND FT1 GETS (ASEXP-BSEXP).
FADD ¢ AEXP+«AR AND EXPB3;

FT1<BR AND EXPB3 FT1«FT1 EOR =13 FT1«AEXP+FT1 P13
* IF ASEXP<BSEXP, INTERCHANGE AsB AND RESTART.

GOTO FAUNPACK2 IF FT1%0=03

FT1<«ALs AL«BL3 BL«FTI13

FT1«AR3 AR<BR3 BR<«FT13;

GOTO FADDs
* ASIGN (TENTATIVE RESULT SIGN) GETS A$SSIGN AND FT2$%SIGN GETS
* (ASSIGN EOR BSSIGN)D.
FAUNPACK2: ASIGNe«AL AND SIGNB3

FT2«AL EOR BL3
* AL>AR AND BLsBR (BITS 1 THROUGH 23) GET A$COEF AND BS$COEF
* RESPECTIVELY.

AL<«AL AND SIGNC3 AR+<AR AND EXPC3

BL«BL AND SIGNC3; BR«<BR AND EXPC3
* ALIGN THE RADIX POINTS OF THE COEFFICIENTS.

GOTO FAADDSUB IF FT1=03 * POINTS ALREADY ALIGNED
* SHIFT BLsBR (FT1) PLACES RIGHT THROUGH ROUND1!1., ROUNDZ2 AND STICKY BITS.
COUNTER«FT13 * FT1<256

LINK«FASHIFTI13
FASHIFT1: GOTO FASHIFT2 IF BR&STICKY=03;

BR«BR OR STICKYB*23; * STICKY BIT STICKS
FASHIFT2: BL«BL R1 S03 BR«BR SI R1 D Js
* TREATMENT OF LIKE AND UNLIKE SIGNS DIVERGES HERE.
FAADDSUB: GOTO FASUB IF FT2&SIGN=13;
* ADD THE COEFFICIENTS OF A AND B, THEN TEST FOR OVERFLOW (NO OTHER
* NORMALIZING IS NECESSARY).

AR«AR+BR3 AL«AL+BL CI3

GOTO FROUND IF NOOVERFLOW:
¥ COEFFICIENT OVERFLOW: SHIFT AL,AR RIGHT 1 PLACE (THROUGH ROUND AND
¥ STICKY BITS) AND INCREMENT AEXP.
FCOEFOF ¢ AEXP«AEXP+1 3

FT1«AR AND STICKYB3;

AL«AL R1 S03 AR«AR SI R13

AR«AR OR FT13

GOTO FROUND 3
* ADD ASCOEF AND THE COMPLEMENT OF B$COEF. A NEGATIVE RESULT REQUIRES
¥ RECOMPLEMENTATION: A SUM OF ZERO SHOULD BE DETECTED BEFORE
* NORMALIZING.
FASUB BR«BR EOR -135 AR<AR+BR P13



BL<BL EOR -13:
FT1<«AL OR AR:
GOTO OPRETURN®Z IF FT1=03
GOTO FASNORM IF ALS$SA=33

AL«AL+BL CI:

AR«AR EOR =13 AR«AR+ZERO P13
AL«AL EOR -13 AL«AL+ZERO CI:
ASIGN«ASIGN EOR SIGNB3

* SHIFT AL>AR LEFT JUST ENOUGH PLACES SO
* AEXP BY THE NUMBER OF SHIFTS REQUIRED.

FASNORM 2 GOTO FROUND IF ALSCOEFB1=13
FASNORML: AEXP<«AEXP-13;
AR«AR L1 SOs3 AL«AL SI L1
GOTO FASNORML IF ALSCOEFB1=03

* ROUND THE COEFFICIENT IN

AL>AR TO 23 BITS (COEFBI1

* RESULT IS ZERO
* NO RECOMPLEMENTATION NEEDED

ALSCOEFB1=1> AND DECREMENT

THROUGH COEFB23)

ROUND2=STICKY=03

* USING ROUND1 s, ROUND2 AND STICKY:
* ROUND DOWN (TRUNCATE) IF ROUND1=G3
* ROUND TO NEAREST EVEN IF ROUNDI1=1»
* ROUND UP (ADD 1) IF ROUND1=1, ROUND2=1 AND/OR STICKY=1.
FROUND GOTO FPACK IF ARSROUND1 =03
*
FT1«AR AND (ROUND2B+STICKYR):
GOTO FROUNDUP IF FT1#0;
*
GOTO FPACK IF AR$COEFB23=03
* ROUND UP BY ADDING 1 IN

FROUNDUP: AR«AR+COEFB23BIT:;
GOTO FPACK IF NOOVERFLOWsS
* COEFFICIENT ROUNDING OVERFLOW.
AL «ALAAAAR 3
AEXP<«AEXP+1 3 .
* CHECK FOR EXPONENT (UNDER/OVER)FLOW
* AL>AR .
FPACK: GOTO IF AEXPSO#73
FT1<«AEXP AND EXPC:3
GOTO FEXPOF IF FT1#03
LINK«OPRETs X #&~7TRY
AR«AR AND EXPC3:
AR<AR OR AEXP3

AL<«ASIGN OR AL ANDRETURNS

p,qg& ov FL I~

P g

lad il Fa )

NOTE AR=

AND PACK

COEFB23 AND CHECKING FOR COEFFICIENT OVERFLOW.
AL«AL+ZERC CI3

7 AND AL=100000B.

ASIGN>AL>AR>AEXP INTO
* EXPONENT UNDERFLOWs;

* EXPONENT OVERFLOW

sl fler § cpipnr s ¢

e =
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* PERFORM INTEGER MULTIPLICATION
PRODUCT FT1«<AL OR BL3
GOTO PRODFLOAT IF FLAGS$IMODE=0(3
GOTO PRODFLOAT IF FT1$SFLOTYPE=13;
INTEGER*INTEGER .
UNPACK A AND B.

ASIGN GETS (A$SIGN EOR BSSIGNY.
ASIGN«AL EOR BL3 ASIGN«ASIGN AND
HOLD A$MAG (THE MULTIPLIER).

GET BSMAG (THE MULTIPLICAND) .
BL«BL AND RMASKE3;

IF BOTH OFP

AL>AR
BL,BR

* OF THE MULTIPLIER SPILL FROM THE RIGHT EN
* THE PRODUCT WILL SPILL INTO THE LEFT END

FT1«03 FT2¢03

COUNTER<«233

LINK«IMLOOP:

AL«AL R1 S03 AR«AR SI R1 S0;
IMLOOP: FT2«BR*FT23 FT1«<BL*FT1 CI R1 SO3

FT2«FT2 SI R1 S03 AL<AL SI R1 SO
THE HIGH-ORDER 23 BITS OF THE 46-BIT PROD
MUST BE ALL ZEROS.

FT1«FT1 OR FT23;

GOTO IOF IF FT1#4;
SHIFT THE LOW-ORDER 23 BITS

AL«AL R1 S03 AR<«AR

FT1<«AL LE&3

AL«AL R8s

AR<AR R85 AR<FTI

GOTO IPACK:;

* *

*

NINE PLACES R
SI R13

OR AR3s

*
* AT LEAST ONE OF A»>B IS FLOATING-POINTS.
PRODFLOAT: GOTO PRODCHKB IF ALSFLOTYPE=13

* A IS AN INTEGER.

CALLFC FLOATA>, OPRETURNGZ )3
PRODCHKB: GOTO FMUL IF BLSFLOTYPE=13;
* B IS AN INTEGER.

CALLFC FLOATB.
*GOTO FMUL3

OPRETURN®@ )3

THE PRODUCT WILL BE DEVELOPED IN FT1,FT2,ALsAR.

ERANDS ARE INTEGERS.

*GO IF NOT IN INTEGER MODE

SIGNB3

AS LOW-ORDER BITS
D OF AR> LOW-ORDER BITS OF

OF AL.

* INITIALIZE COND$SHIFT

3 AR«AR SI RI1
UCT ARE IN FT1,FT2.

SO D Js
THEY

* INTEGER OVERFLOW

IGHT IN ALsAR.

* PACK RESULT AND RETURN

* FLOATAC(C) FAILS IF A=0

* FLOATB() FAILS IF B=0



FLOATING-POINT MULTIPLICATION.
SETS® AL>AR TO THE PRODUCT OF ALsAR AND BLsBR.
USES: COUNTER» LINK» BL» BR»> ASIGN, AEXP> FT1s, FT2.

¥ K K X

* UNPACK A AND B.

% AEXP GETS (ASEXP+BSEXP-EXPBIAS).
FMUL¢ AEXP<AR AND EXPB3

FT1«BR AND EXPB3; AEXP«AEXP+FT13 AEXP<AEXP-EXPBIAS:;
* ASIGN GETS (A$SIGN EOR B$SIGN) .

ASIGN«AL EOR BL3 ASIGN«ASIGN AND SIGNB3;
* BL>BR GET B$SCOEF RIGHT JUSTIFIED (MULTIPLIER FOR '""x%"
* MICRO-INTRUCTION)

FT1«BL L8&;

BL<BL RE&3

BR«<BR RR3

BR«FT1 OR BR3
* FT1,FT2 GET ASCOEF (MULTIPLICAND).

FT1«AL AND SIGNC3 FT2<«AR AND EXPC3
* THE PRODUCT IS FORMED BY SUMMING 23 TERMS. ALL BUT THE LAST ADDITION
* IS PERFORMED IN THE FOLLOWING LOOPs WHICH RIGHT SHIFTS THE SUM
* (KEPT IN ALsAR) 1 PLACE (THROUGH THE ROUND AND STICKY BITS) EACH TIME.
AL <5 AR<«O3
COUNTER<«223
LINK«FMLOOP 3
FMLOOP ¢ BL«BL R1 S05 BR«BR SI Ri1 SO3;
AR«FT2*AR3: AL«FTI1*AL CI R1 SO03
GOTO FMSHIFTAR IF ARSSTICKY=G:
AR«AR OR STICKYB*23
FMSHIFTAR: AR«AR SI R1 D J;
* PERFORM LAST MULTIPLICATION STEP WITHOUT SHIFTING SUM.
BR«BR R1 SO03
AR«FT2*AR3 AL«FT1*AL CI:
* ROUND AND PACK THE RESULT IF NO COEFFICIENT OVERFLOWs
GOTO FROUND IF NOOVERFLOWS
GOTO FCOEFOF3 * RIGHT-SHIFT COEF 1 PLACE
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*¥ ALL QUOTIENTS ARE FLOATING-POINT.
QUOTIENT: GOTO QUOCHKA IF BLSFLOTYPE=13 * B IS FLOATING-POINT

CALLF(C FLOATB, DIVOERR )3 * FLOATB() FAILS IF B=#
QAUOCHKA ¢ GOTO FDIV IF ALSFLOTYPE=13 * A IS FLOATING-POINT
CALLFC FLOATA, OPRETURNG )3 * FLOATAC() FAILS IF A=0
5 *GOTO FDIV:
o
* FLOATING-POINT DIVISION.
* SETS: AL>AR TO THE QUOTIENT OF AL»AR DIVIDED BY BLsBR (ASSUMED #@).
* USES: COUNTER» LINKs BL> BR> ASIGN, AEXPs» FT1s FT2.

* UNPACK A AND B.

* AEXP GETS (ASEXP-BSEXP+EXPBIAS).
FDIV: FT1<«BR AND EXPB3 FT1«FT1 EOR =13
AEXP+«AR AND EXPB3 AEXP«AEXP+FT1 P13 AEXP<«AEXP+EXPBIAS;
* ASIGN GETS (A$SIGN EOR B$SIGN).
ASIGN«AlL EOR BL3 ASIGN«ASIGN AND SIGNB3;
* AL>AR GET ASCOEF (DIVIDEND).
AL<AL AND SIGNC3; AR«AR AND EXPC3;
* BL>BR GET THE 1'S COMPLEMENT OF B$COEF (DIVISOR) .

BL<BL AND SIGNCs BR«BR AND EXPC3;

BL<BL EOR -13 BR<BR EOR =13
THE QUOTIENT IS FORMED BIT-BY-BIT BY REPEATED TRIAL SUBTRACTIONS
OF THE DIVISOR FROM THE DIVIDEND. A SUCCESSFUL SUBTRACTION
CORRESPONDS TO A "1" IN THE QUOTIENTs AN UNSUCCESSFUL SUBTRACTION

IS DEVELOPED C(IN FT1,FT2).
FTle=13 FT2+={3; * COMPLEMENTED ZEROES
COUNTER«233
LINK«FDLOOP 3
* IF THE FIRST TRIAL SUBTRACTION WOULD FAIL WE "PRENORMALIZE' THE
* DIVIDEND BY SHIFTING IT 1 PLACE LEFTWARD.
ZERO«AR+BR P1 L1 S0Os3 AL<AL/BL CI SI L1 SO0s

C% ¥ X K %

GOTO FDSTART IF NOSPILL3: * NONNEGATIVE DIFFERENCE
AR«AR L1 SO3 AL«AL SI L13 * LEFT SHIFT FRACTION AND
AEXP«AEXP=-13 * DECREMENT EXPONENT

FDLOOP : ZERO«AR+BR P1 L1 S03; AL«AL/BL CI SI L1 SOs

FDSTART: FT2«FT2 SI L1 SO3 FT1«<FT1 SI L1
GOTO FbOA IF FT2%15=13 * NEGATIVE DIFFERENCE
AR«AR+BR P1 L1 D Js * FINISH THE SUBTRACTION
GOTO FDLASTS:

FDQ® 2 AR«AR L1 S03 AL«AL SI L1 D Js;

* COMPLEMENT FT1-,FT2 TO OBTAIN TRUE, UNROUNDED QUOTIENT.

FDLAST: FT1«FT1 EOR =13 FT2¢«FT2 EOR =-13

* PRODUCE A 24-TH QUOTIENT BIT (WITHOUT INSERTING IT IN FT1,FT2)
* FOR ROUNDING PURPOSES. (SEE COMMENTS ON ROUNDING AT FROUND.)
ZERO«AR+BR P1 L1 SO3 AL«AL/BL CI SI L1 SOs

GOTO FDPACK IF SPILLS * ROUND BIT = @
AR«AR+BR P1 L13 ¥ FINISH THE SUBTRACTION

CORRESPONDS TO A "#'"+ ACTUALLY THE 1'S COMPLEMENT OF THE QUOTIENT




* NOW ALLAR = @ IFF STICKY BIT = 7.
AL«AL OR AR3;
GOTO FDROUNDUP IF AL#33;
* ROUND=1, STICKY=2. ROUND QUOTIENT TO NEAREST EVEN.

GOTO FDPACK IF FT2%15=03 * EVEN ALREADY
FDROUNDUP ¢ FT2«FT2+13 FT1<«FT1+ZERO CI3;
GOTO FDPACK IF FT1%8=03; * NO OVERFLOW

* COEFFICIENT ROUNDING OVERFLOW. NOTE FT1=000200B AND FT2=0000008B.
FT1«0031A0B 3
AEXP«AEXP+13
* POSITION OUOTIENT COEFFICIENT CORRECTLY AND TRANSFER TO FPACK-.
FDPACK: AL«FT2 R83 FT1«FT1 L83 AL«FT1 OR AL3
AR«FT2 L83
GOTO FPACK:;
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¥ AND
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BAND ¢ CALL TESTLOGAB:
LINK«OPRET 3
AR<AR AND BR ANDRETURN3
sk ok sk ok ok
¥ OR *
ok ok %k ok %
BOR: CALL TESTLOGAB:
LINK«OPRET 3
AR«AR OR BR ANDRETURN3:
sk
%
* TESTLOGABC)
* CALL: CALL TESTLOGAB .
* SETS: A«FLOORCA) > PROVIDED A= OR A=13
* B«FLOOR(B)s PROVIDED B=@ OR B=1.
* USES: TEMP .«

TESTLOGAB:
* B IS AN

GOTO TLABFLO IF BLSFLOTYPE=1:
INTEGER .

GOTO DOMAINERROR IF BLSR#03

GOTO TESTLOGA IF BR=03
TESTNOTEQUALC BR> 1, TESTLOGA )3
GOTO DOMAINERRORS

* B IS FLOATING-POINT.

TLABFLO:  TESTEQUALC BR» FLPTIRS
TESTEQUALC BL» FLPTIL.
BL«INTTYPEB; BR«13;
*GOTO TESTLOGA:

sk

* TESTLOGAC)

TESTLOGA:
* A IS AN

GOTO TLAFLO IF ALSFLOTYPE=13
INTEGER«

GOTO DOMAINERROR IF ALSR#03
RETURNIFC AR=2 )3
TEMP<AR EOR 13
RETURNIFC TEMP=@ )3
GOTO DOMAINERROR:3

* A IS FLOATING-POINT.

TLAFLO: TESTEQUALC AR> FLPTIR
TESTEQUALC ALs FLPTI1L.
AL«INTTYPEB3; AR«ZERO+ZERO PI1

* SETS A»B TO INTEGER @ OR 1

* TESTNOTEQUAL(BRs@,»TESTLOGA)

DOMAINERROR )3
DOMAINERROR )3

* B=1
* CALL TESTLOGA & RETURN

DOMAINERROR )3
DOMAINERROR )3
ANDRETURNS

*x A
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*¥ THIS OPERATOR ROUTINE RETURNS DIRECTLY TO GOOPRET.
* A<B IF AND ONLY IF SIGNUM(CA-B)=-1.

LESS: OPRET «*+12077 4B 3 *HIGH ORDER BITS USED BY TRAP
GOTO DIFFERENCE:S * OPCALL(DIFFERENCE)
OPRET«GOOPRET 3
GOTO OPRETURN1 IF ALSSIGN=13 * A<B
GOTO OPRETURN® 3 * A>=B
ok ok ok % ok ok Kk
* EQUAL *
ook sk ok ok ok ok koK

* THIS OPERATOR ROUTINE RETURNS DIRECTLY TO GOOPRET.
* IF ASTYPE=BSTYPE, THEN A=B IFF ASVAL=BSVAL.

EQUAL: FT1+«AL EOR BL3:
GOTO EADIFTYPES IF FT1$L#03; * SIGNS OR TYPES DIFFERENT
GOTO OPRETURN#ZA IF FT1S$SR#03 * A#B

TESTNOTEQAUALC AR» BR» OPRETURNI )3 * IS A#B *?
*
OPRETURN@ : LINK«OPRET3 AL«INTTYPEB: AR<«ZERO ANDRETURN3:
%
* ASTYPE#BSTYPE OR AT LEAST ONE IS FLOATING-POINT. IF EITHER 1S CHTYPE»
* THEN A#B.
ERDIFTYPES:TESTNOTEQUALC ALs> CHTYPEB» OPRETURN® )3
TESTNOTEQUALC BL>, CHTYPEBs> OPRETURNGZ )3
* A AND B ARE NUMBERS. A=B IFF SIGNUMCA-B)=AA=C(INTTYPEB,>®).
OPRETe«*+14007M 4B s *HIGH ORDER BITS USED BY TRAP

GOTO DIFFERENCES * OPCALL(DIFFERENCE)
OPRET«GOOPRET 3

TESTEQUALC AL, INTTYPEBs OPRETURN® )3

GOTO OPRETURN® IF AR#7; * TESTEQUALCAR> @, OPRETURN®)

*
OPRETURN]1 ¢ LINK«OPRET3 AL<INTTYPEB: AR«ZERO+ZERO P1 ANDRETURNS:
%

OPRETURNB: LINK«OPRETs AL«BL3 AR«BR ANDRETURN3:




FLOATACO)
CONVERTS
FAILS:
LUSES S

(FLOATRBR())

AL>AR (BL>BR) FROM INTEGER TO
IF AL>AR (BL>BR) IS ZERO.
ASIGN>AEXP>FT15FT2.

¥ H K K K ¥

* BEGIN FLOATB().
* FLOATB() INTERCHANGES A AND B
* A AND Be.

CALLS FLOATACQ)

FLOATING FORMAT .

AND AGAIN INTERCHANGES

FLOATB: GOTO FLBICH IF BR#03
GOTO FRETURN IF BLS$SR=03
*
FLBICH: FT1«ALs AL<BL3s BL«FT1:;
FT1«AR3 AR«RR3 BR«FT1:
*
FT2«LINK3:
CALL FLOATANZ: * SKIP ZERO TEST
LINK«FT2 3
* RE-INTERCHANGE A AND B, THEN RETURN FROM FLOATB().
FT1«ALs AL<RLs BL«FT1:
FT1«AR3 AR«BRs BR«FT1 ANDRETURN3S
* BEGIN FLOATAC) .
* CHECK THAT A#0.
FLOATA: GOTO FLOATANZ IF AR#A3

GOTO FRETURN IF ALSR=3

* UNPACK ASIGN AND SHIFT ALsAR LEFT 8 PLACES.

FLOATANZ: ASIGN«AL AND SIGNB3
Al.«AL L83 FT1<AR RS83;

AR«AR LE3

AL«<AL OR

ET13

* INITIALIZE AEXP TO PLACE RADIX POINT AT RIGHT EDGE OF COEFFICIENT.

AEXP<«EXPBIAS+223;

* TEST FOR SHIFT BY 16.
GOTO FLT8 IF AL#03
GOTO FLSE IF ARSO#03
AEXP«AEXP-163
AL<AR3 AR<«03;

* TEST FOR SHIFT BY 8.

FLTG: FT1«AL AND MASK(1.-,8)3
GOTO FLT421 IF FTI1#0;
FLS&?S AEXP«AEXP-R&3
AL«AL L85 FT1<AR R83 AL«AL OR
AR«AR L83
* TEST FOR SHIFT OF LESS THAN 8 (DONE IN
FLT421: GOTO FLPACK IF ALSCOEFB1=13;
FLS421: AEXP«AEXP-13
AR«AR L1 SO3 AL<AL SI L1
GOTO FLS421 IF ALSCOEFB1=03

* PACK SIGN» COEFFICIENT.
FLPACK: AL<AL OR ASIGN3;
AR«AR OR AEXP ANDRETURN3

AND EXPONENT

*

FRETURN: LINK«LINK-ONEINST3 RETURNS

* CAN AT LEAST SHIFT BY 8

FT13

LOOP) .

INTO AL>AR AND RETURN.
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* INDEX = 1001 MMMMe M IS THE EXPECTED RANK.

INDEX : FIRSTBYTE«FIRSTBYTE ANHAD RMASK43 * EXPECTED RANK
CALL TOP3VEHRAVE-5S MINUTES-TO—-GET
* FIRST OPERAND MUST BE AN ARRAY.
TEMP<AL AND SCATYPEB3;
GOTO RANKERROR IF TEMP#@3;
GOTO WHATERR IF ALSARYTYPE=%3

* FIRST OPERAND IS AN ARRAY -- INDEXER() EXPECTS ITS ADDRESS IN T1.
T1«AR3
T2«LTOP-13 % ADDREGEE FHE-SYSTEMseess
S8 OF 18T SUBSCRIPT = S il
CALL INDEXER3; % COMPUTE INDEX IN T2

* IF AN "INDEX RAVELED"™ INSTRUCTION IS ADDED», IT SHOULD END WITH
* A TRANSFER TO HERE:

INDEXY? READTESTGC T3 )3
LTOP«T2+1 3 * POP OPERANDS EXCEPT LAST
FRP«T13
@
@
@
@
@RREAK LINKS. * ADDRESS OF ARRAY TO FREE
WAITREADS
MEMDATAL<MEMDATAL3 MEMDATAR«MEMDATARS
WRITELTOP:;
LINK«CYCLE3; * CALL DECRFCF(FRP) &
GOTO DECRFCF3 * GOTO CYCLE
INDEXER () -- DO RANK-N ARRAY INDEXING WITH SCALAR SUBSCRIPTS.
CALL: TA=FIRSTBYTE CONTAINS THE EXPECTED RANK3
T1 CONTAINS THE G-RELATIVE ADDRESS OF THE ARRAY:;
T2 CONTAINS THE L-RELATIVE ADDRESS OF THE FIRST
(LEFTMOST)> SUBSCRIPT (SUCCEEDING SUBSCRIPTS ARE AT
LOWER ADDRESSES) .
RETURN: T1 IS UNCHANGEDS
T2 CONTAINS (L-RELATIVE ADDRESS OF THE LAST SUBSCRIPT)-13
T3 CONTAINS THE G-RELATIVE ADDRESS OF THE SELECTED
ARRAY ELEMENT.
USESs EVERYTHING, INCLUDING AL>AR>BLs>BR.

* CHECK THAT GIVEN ARRAY IS OF THE EXPECTED RANK AND SET UP THE
* REGISTERS FOR THE MAIN LOOP.
INDEXER ¢ READTESTG(C F+—)3—= * READ 1ST HEADER WORD
* T3 ACCUMULATES THE INDEX IN ARFAY.RAVEL:
* T4 SCANS THROUGH ADDRESSES IN ARRAY.SHAPE:
* BL WILL CONTAIN INDEX ORIGINv/l'S COMPLEMENTED 3
* TS SAVES THE RETURN ADDRESS./
TR0 3 /
T4«T1+SHAPEOFFSETs/
BL«FLAGS AND IORGB3s; BL«BL EOR =13
T5«LINK3 /

TEMP«MEMDATAL‘EOR FIRSTBYTE PAUSE;
GOTO IXRNARGE@R IF TEMPSR#03 * WRONG NO. OF SUBSCRIPTS
* REGIN MAIN LOOP. /

fgm“ﬁ(ﬁJ) TL<[3] o< fff7%%wy
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IXRLOOP: READTESTGC T4 )3 * READ NEXT ARRAY SHAPE WORD

ThdeTa+13
* PREPARE TO MULTIPLY T3 BY THE NEXT SHAPE NUMBER.
WAITREAD:
BR «MEMDATAR: * BR«SHAPE NUMBER
GOTO IXRREADSUB IF T3=@3; * (S TIMES 9)=9

TEMP WILL HOLD THE HIGH-ORDER BITS OF THE PRODUCTs WHICH ON
COMPLETION WILL BE ALL ZEROS.
T3 IS THE MULTIPLIER> AND ON COMPLETION WILL CONTAIN (THE LOW-ORDER
BITS OF) THE PRODUCT.
MULTIPLYC T3> BR»> TEMP )3
* FETCH THE NEXT SUBSCRIPTs WHICH SHOULD BE A NON-NEGATIVE INTEGER
* LESS THAN 21t16.
IXRREADSUB:READLC T2 )3
TEMP+«LBASE+23 TEMP<«TEMP EOR -13 ZERO«T2+TEMP P13

¥ X ¥ ¥

GOTO STKUFERR IF NOCARRY: * STACK UNDERFLOW
T2eT2-13
AL+«MEMDATAL PAUSE; AR<MEMDATAR:
e IXcALL
LINK«IXRINT3
GOTO FIXA IF ALSFLOTYPE=13 * CALL FIXA IF ALSFLOTYPE=1
GOTO TYPEERROR | IF ALSCHTYPE=13
GOTO & wre®”| IF ALSARYTYPE=13 % ONLY SCALAR SUBSCRIPTS OK
GOTO RétHER IF ALSUNDFTYPE=13% NO "MISSING SUBSCRIPTS"
GOTO WHATERR IF ALSINTTYPE=03;
* SUBSCRIPT IS (NOW) AN INTEGER. CHECK IT AGAINST THE ARRAY BOUNDS.
IXRINT: GOTO INDEXERROR IF ALSSIGN=13 % SURSCRIPT<@
GOTO INDEXERROR IF ALSR#0; * £2116<=SUBSCRIPT
AR«AR+BL P13 * SUBTRACT INDEX ORIGIN
GOTO INDEXERROR IF NOCARRY 3 * SUBSCRIPT<INDEX ORIGIN
TEMP+«BR EOR =-13 ZERO«AR+TEMP P13
GOTO INDEXERROR IF CARRY: * UPPER BOUND<=SUBSCRIPT
%
T3«T3+AR; * ACCUMULATE RESULT

FIRSTBYTE«FIRSTBYTE IR

GOTO IXRLOOP IF FIRSTBYTE#@3
* NOW T4 CONTAINS PARRAY.RAVELLFIRST1 AND T3 CONTAINS THE DESIRED
* RESULT LESS T4.

TR3«T4+T33
3k
LINK«TS53
RETURN3;
;:/ // -, - ',"; .
/

M EAL ’Aﬁw@_l !
L Je)lreL yal'r
ro € ¥/ = A Y ASE " s T,




s
* SHORTCONST = 1@1LLLLLLLLLELLLL.

* L IS A SIGNED-MAGNITUDE INTEGER TO BE PUSHED ONTO THE STACK.

SHORTCONST:CALL NEXTBYTE3:

@ * TEMP«NEXTBYTEC)
MEMDATAL<INTTYPEBS
GOTO SCY IF FIRSTBYTESOPCB3=03 * NUMBER IS POSITIVE
MEMDATAL «S

@IGNB+INTTYPERB:; * NEGATIVE

SCy: FIRSTBYTE«FIRSTBYTE AND RMASK4;

FIRSTBYTE«FIRSTBYTE L83

MEMDATAR«FIRSTBYTE OR TEMP3

INCLTOP

GOTO WLCYCLE: * WRITELTOP & GOTO CYCLE
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* ETC =

k

1 1 NNNNNN .

* TRANSFER VECTOR FOR ETC.

ETCTAB:

* APL MIXED OPERATORS

* RESERVED

[

b3

DATA
DATA
DATA
DATA
DATA

DATA
DATA
DATA
DATA
DATA

DATA
DATA

DATA
DATA
DATA
DATA

DATA
DATA
DATA
DATA
DATA

ATTNTRAPS
FOR FUTURE EXPANSION:

ETCUNDERRI— Convy © X

DATA
DATA
DATA
DATA
DATA
DATA
DATA

UNDEFINED:
EAT1s
INTERCHANGE ;3
SETORIGINS
GETORIGIN:
NEXT:

* K ¥ ¥ ¥

SHAPE 3
RESHAPE;
RAVEL3
CATENATES
INDEXGEN3 -

* K K ¥ *

*

CONSCALAR:3
CONVEC:3

*

BRANCH 33
GOs

GOTRUE
GOFALSEs

i e

RETURNF 3
CALLFCN3;
CYCLE3s g ‘2
BKPTTRAP

* ¥ ¥

¥~ £7¢ har™

*

ETCUNDERR 3 4
ETCUNDERR 3 E
ETCUNDERR 3
ETCUNDERR 3
ETCUNDERR
ETCUNDERR 3

DC ETCUNDOPN <« *x-ETCTAB3
* IMPORTANT ¢

* THE VALUE "ETCUNDOPN"

k

* BEGIN ETC.
FIRSTBYTE«FIRSTBYTE AND RMASK6:
TEST IS NOT NECESSARY IF ETCUNDOPN=63.

ETC:

* THE FOLLOWING
TESTLESS( FIRSTBYTE.

MUST

ETCUNDOPN»

LINK«FIRSTBYTE+ETCTAB:
LINK«ZERO LOAD @3
GOTO @ IXs

PUSH NOTYPE VALUE

POP VALUE ON TOP OF STACK
INTERCHANGE A AND B
INTERCHANGE A AND ORIGIN
PUSH ORIGIN

MONADIC RHO
DYADIC RHO
MONADIC COMMA
DYADIC COMMA
MONADIC IOTA

(IMMEDIATE) CONSTANT SCALAR
VECTOR

MONADIC RIGHT-ARROW
(UNCONDITIONAL JUMP)
(JUMP ON TRUE)D
(JUMP ON FALSE)

(RETURN FROM FUNCTION)
CALL FUNCTION

NO OPERATION

CAUSE BREAKPOINT TRAP
CAUSE ATTENTION TRAP

—

=) Ze r[—ﬂ (/‘»//51'/( LrEC)

BE EVEN AND NOT GREATER THAN 64.

ETCUNDERR )3




%
* PUSH AN "UNSPECIFIED"™ VALUE ONTO THE STACK.

UNDEFINED: INCLTOP3:
MEMDATAL<«UNDFTYPEB3 MEMDATAR«?:
GOTO WLCYCLE3:

*

* REMOVE ONE ELEMENT FROM THE STACK.

EAT1 CALL TOP3;
LTOP«LTOP-13
LINK«CYCLE3: * CALL DECRFC &
GOTO DECRFC3 * GOTO CYCLE

%
* INTERCHANGE THE TOP TWO ELEMENTS OF THE STACK.

INTERCHANGE :CALL TOP23s

TEMP«LTOP=-13

MEMDATAL«ALs MEMDATAR<«ARS

WRITELC TEMP )3

MEMDATAL«BL3 MEMDATAR«BR3:

GOTO WLCYCLE3: * WRITELTOP & GOTO
k
* EXCHANGE THE TOP ELEMENT OF THE STACK WITH THE INDEX ORIGIN
@
EBREAK LINKS..

CYCLE

BIT

* THE OPERAND MUST BE A "LOGICAL'™ (=@ OR 1) SCALAR OR 1-ELEMENT ARRAY.

SETORIGIN: CALL PSEUDOINT:S

CALL TESTLOGA: * ENSURES INTEGER @ OR 1
MEMDATAL<«INTTYPEBs MEMDATAR<FLAGS AND IORGB3;

CLEARFLAG( IORGRB )3 * CLEAR INDEX ORIGIN &
SETFLAGC AR )3 * SET IT FROM BIT IN AR

GOTO WLCYCLEs
%

* PUSH THE INDEX ORIGIN RIT ONTO THE STACK AS AN INTEGER VALUE.

GETORIGIN: INCLTOP3
MEMDATAL«INTTYPER; MEMDATAR<«FLAGS AND IORGB3;
GOTO WLCYCLE:
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SHAPE (""MONADIC RHO'")

FOR ALL A, (SHAPE A) RETURNS A VECTOR OF LENGTH A.RANK WHOSE
ELEMENTS ARE THE WIDTHS OF THE COORDINATES OF A.

LOAD OPFRAND INTO AL,AR.

SHAPE @ CALL TOP;

* MKNELTS WILL CONTAIN THE LENGTH OF THE RESULT VECTOR.
MKNELTS«® 3 * RANK OF SCALAR IS ZERO
TEMP«AL AND SCATYPEB3
GOTO SHPALLOC IF TEMP#@3 * OPERAND IS SCALAR

GOTO WHATERR IF ALSARYTYPE=M3;

* OPERAND IS AN ARRAY. SET MKNELTS TO ITS RANK.

READTESTGC AR )3 * READ 1ST HEADER WORD
MKNELTS«MEMDATAL AND RANKB PAUSE:

* CREATE A VECTOR OF LENGTH (MKNELTS).
SHPALLOC: CALL MAKEVEC: * RPTR«MAKEVEC (MKNELTS)

*
*

SET OPFLAGS FOR USE BY THE GENERALIZED OPERATOR APPLICATION
MECHANISM.
SETFLAGC MONOPB+RARRAYB )3

* FINISH SETTING UP FOR GENERALIZED OPERATOR APPLICATION.

APTR«AR+SHAPEOFFSET 3 * APTR«@A«SHAPELFIRST]
OPNO«IDOPNO;
GOTO GENOP3




RESHAPE ('"DYADIC REO")

ROUGHLY SPEAKING», (A RESHAPE B) RETURNS AN ARRAY WITH SHAPE A AND
RAVEL B. A MUST RE A VECTOR (SPECIAL CASE: A SCALAR) WHOSE ELEMENTS
ARE NON-NEGATIVE INTEGERS LESS THAN 2t16 AND WHOSE PRODUCT IS LESS
THAN 2t16« THE ONLY CONSTRAINT ON B IS THAT IT MAY BE EMPTY ONLY IF
SOME ELEMENT OF A IS ZERO.

* K X ¥ * ¥ X

* LOAD OPERANDS INTO ALsAR AND BLsBR.
RESHAPE : CALL TOP23
* DISPATCH ON TYPE OF A.

GOTO RSAFLO IF AL$SFLOTYPE=13;
GOTO RSAINT IF ALSINTTYPE=13
GOTO TYPEERROR IF ALSCHTYPE=13

GOTO RSAARR IF ALSARYTYPE=13

GOTO WHATERR3
* A IS FLOATING-POINT.

RSAFLO: CALL FIXAs * CONVERT T0 INTEGER

* A IS (NOW) AN INTEGER.

RSAINT: GOTO DOMAINERROR IF AL$SSIGN=13 * SHAPE NUMBER<®
GOTO DOMAINERROR IF ALSR#03 * 2116<=SHAPE NUMBER
MKRANK«1 3 * RANK OF RESULTS3
MKNELTS«AR 3 * LENGTH OF RESULT

GOTO RSCHECKB3;
* A IS AN ARRAY. IT MUST BRE OF RANK ONE.
RSAARR: READTESTGC AR )3 * READ 1ST HEADER WORD
TEMP«MEMDATAL EOR 1 PAUSE3:
GOTO RANKERROR IF TEMPS$R#%3 -
* IF A IS EMPTY THE RESULT WILL BE SCALAR.

READTESTGC AR P1 )3 * READ 2ND HEADER WORD
WAITREADS

MKRANK«MEMDATAR 3

GOTO RSRSCA IF MKRANK=MA; * RESULT WILL BE SCALAR

*

OTHERWISE A MUST HAVE FEWER THAN 256 ELEMENTS.
GOTO LENGTHERROR IF MKRANKSL#0 3
THE PRODUCT OF THE ELEMENTS OF A WILL BE COMPUTED IN MKNELTS.
MKNELTS«1 5
* APTR WILL SCAN BACKWARDS THROUGH ARAVEL.
TA«AR+SHAPEOFFSET3 APTR«TA+MKRANKS
RSSHPLOOP: READTESTG( APTR )3 * READ NEXT SHAPE NUMBER
‘ AL<MEMDATAL PAUSE3 AR«MEMDATAR3:
GOTO RSSFLO IF ALSFLOTYPE=13
GOTO RSSINT IF ALFINTTYPE=13;
GOTO TYPEERROR IF ALSCHTYPE=13
GOTO WHATERRS
* SHAPE NUMBER IS FLOATING-POINT.

*

RSSFLO: CALL FIXA3; * CONVERT 10 INTEGER
MEMDATAL«AL 35 MEMDATAR«AR: * AND
WRITEGC APTR )3 * UPDATE A!

* SHAPE NUMBER IS (NOW) AN INTEGER.

RSSINT: GOTO DOMAINERROR IF AL$SIGN=13 * SHAPE NUMBER<®
GOTO DOMAINERROR IF ALSR#03; * 2116<=SHAPE NUMBER

* SET MKNELTS TO (MKNELTS) TIMES (AR).




MULTIPLYC MKNELTS, AR, TEMP )3
GOTOC DOMAINERROR IF TEMP#73; * 2t16<=PRODUCT

APTR«APTR-13 * STEP BACK ONE

TESTEQUALC APTR, TMs» RSSHPLOOP )3 *x MORE ELEMENTS OF A.RAVEL
* RESTORE THE ARRAY DESCRIPTOR IN ALsAR.

AL«ARYTYPEB; AR<APTR-SHAPEOFFSETs * (APTR)=PA.SHAPELFIRST]
* B MAY BE EMPTY ONLY IF THE RESULT ARRAY WILL BE EMPTY.

RSCHECKR: GOTO RSALLOC IF MKNELTS=03 * RESULT WILL BE EMPTY
TEMP«BL AND SCATYPERB;
GOTO RSALLOC IF TEMP#% 3 * B IS SCALAR -- NOT EMPTY

GOTO WHATERR IF BL$ARYTYPE=%3
* B IS AN ARRAY.
READTESTGC BR P1 )3
WAITREADS
GOTO LENGTHERROR IF MEMDATAR=23
* CREATE THE RESULT ARRAY BLOCK.
RSALLOC: CALL MAKE3; * MKP«MAKE (MKRANKs MKNELTS)
SETFLAGC RARRAYR )3

* CATCOPY () WILL RE USED TO FILL IN THE SHAPE AND RAVEL OF THE NEW
* ARRAY .
NELTS«MKRANK+NMKNELTS 3 * NELTS IS MAX NO. TO COPY
RPTR«VMKP+SHAPEOFFSET s * RPTR«*@PRESULT «SHAPE[LFIRST]
*
CALL CATCOPY: * FILL IN THE SHAPE WORDS
*
AL<BL3 AR«RR3
RSRAVLOOP: CALL CATCOPY: * FILL IN SOME RAVEL WORDS

GOTO RSRAVLOOP IF NELTS#M; * NOT FINISHED YE]
GOTO GENOPFIN;
*
* A 1S AN EMPTY VECTOR, SO THE RESULT WILL BE SCALAR. B MUST BE
* NON=-EMPTY .
RSRSCA: TEMP«BL AND SCATYPER;:
GOTO RSRRSCA IF TEMP#03
GOTO WHATERR IF BLSARYTYPE=03
* B IS AN ARRAY.
READTESTGC RR P1 )3
WA TTREAD
GOTO LENGTHERROR IF MEMDATAR=0; * B IS EMPTY

FRP «RR 3
T1«LTOP =13
LINK«RESHAPE 3
GOTO PEEL3

* B IS SCALAR.

RERRSCA : MEMDATAL«RL; MEMDATAR«RBR;

) LTOP«LTOP =13
WRITELTOPS
FRP«AR 3
LINK«CYCLE s
GOTO DECRFCF3

*

CALL PEEL &
GOTO RESHAPE

%*

*

CALL DECRFCF(FRP) &
GOTO CYCLE

*




RAVEL ("MONADIC COMMA')

IF A IS ANY VALUE, THEN (RAVEL A) RETURNS A VECTOR WHOSE LENGTH
THE PRODUCT REDUCTION OF (SHAPE A) AND WHOSE ELEMENTS ARE THE
ELEMENTS OF A, ORDERED LEXICOGRAPHICALLY BY SUBSCRIPTS-.

¥ X K * ¥

* LOAD OPERAND INTO ALs>AR.

RAVEL : CALL TOPs

* DISPATCH ON TYPE OF OPERAND.

* MKNELTS WILL CONTAIN THE LENGTH OF THE RESULT VECTOR.
MKNELTS«1 3

*
TEMP«AL AND SCATYPEB:3
GOTO RAVALLOC IF TEMP#@3 * OPERAND IS SCALAR
GOTO WHATERR IF ALSARYTYPE=23 ?

* OPERAND IS AN ARRAY.

IF ITS RANK IS ONE, (RAVEL A) IS JUST A.
READTESTGC AR )3 * READ 1ST HEADER WORD
TEMP«MEMDATAL AND RANKB PAUSE:
TESTNOTEQUALC TEMPs 1, CYCLE )3

*

READTESTGC AR P1 )3 * READ 2ND HEADER WORD
WAITREAD:
MKNELTS«MEMDATAR 3

* CREATE THE RESULT VECTOR.

RAVALLOC: CALL MAKEVEC:

* SET OPFLAGS FOR GENOPFIN.
SETFLAGC MONOPB+RARRAYR )3

* IISE CATCOPY () TO FILL IN THE ELEMENTS OF THE NEW VECTOR-.

* MAKEVEC () SET RPTR TO PRESULT.RAVELLFIRSTI1.
LINKe«GENOPFINS * CALL CATCOPY &
GOTO CATCOPY: * GOTO GENCPFIN

18




*
* CATENATE ("DYADIC COMMA') -- FOR OPERANDS OF RANK LESS THAN TWO.

* LOAD OPERANDSR INTO AL>AR AND BL,>BR.

CATENATE: CALL TOP2:;

* DISPATCH ON TYPE OF FIRST OPERAND.

* THE LENGTH OF THE RESULT WILL BE COMPUTED IN MKNELTS.
MKNELTS«1 3
TEMP«AL AND SCATYPER:
GOTO CATDISPB IF TEMP#23 * FIRST OPERAND IS SCALAR
GOTO WHATERR IF ALSARYTYPE=723

* FIRST OPERAND IS AN ARRAY. ITS RANK MUST BE ONE.

READTESTG(C AR D3 * READ 1ST HEADER WORD

TEMP«MEMDATAL EOR 1 PAUSE;

GOTO PﬁNﬁgﬁﬁﬁﬁ IF TEMPSR#% 3

READTESTGC( AR P1 )3 * READ 2ND HEADER WORD
WAITREADS
MKNELTS«MEMDATAR 3

* DISPATCH CN TYPE OF SECOND OPERAND.

CATDISPB: TEMP«BL AND SCATYPER:
GOTO CATRSCA 1IF TEMP#M3 * SECOND OPERAND IS SCALAR
GOTO WHATERR IF BLSARYTYPE=0%3;

* SECOND OPERAND IS AN ARRAY. ITS RANK MUST BE ONE.
READTESTGC BR )3 * READ 18T HEADER WORD
TEMP«MEMDATAL EOR 1 PAUSE3:

GOTO RANKQ?Rﬁﬁ IF TEMPSR#0 3
* CHTCA
READTESTG( BR P1 )3 * READ 2ND HEADER WORD
WAITREADS
MKNELTS«MEMDATAR+MKNELTS 3
*
GOTO CATALLOC:
* SECOND OPERAND IS SCALAR.
CATBSCA: MKNELTS«MKNELTS+1 s
* CREATE VECTOR TO HOLD RESULT.
CATALLOC ¢ GOTO LENGTHERROR IF OVERFLOWS * RESULT LENGTH MUST BE<21t16
CALL MAKEVEC: * RPTReMAKEVEC (MKNELTS)
* QET OPFLAGS FOR GENOPFIN.
SETFLAGC RARRAYR )3
FILL IN THE ELEMENTS OF THE RESULT.
CATCOPY() COPIES ELEMENTS OF OBJECT DESCRIBED BY AL»AR INTO RESULT
VECTOR AND INCREMENTS RPTR. NELTS IS AN UPPER BOUND ON THE
NUMBER OF ELEMENTS COPIED.
NELTS«21t16-13 * RESULT «NELTS<=2116-1
CALL CATCOPY3:
AL«BL3 AR«BR3;
LINK«GENOPFINS * CALL CATCOPY &
*GOTO CATCOPY: * GOTO GENOPFINS

* ¥ * *
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%
t CATCOPY() =-- COPY ELEMENTS OF A INTO RESULT VECTOR.

* CALL: ALsAR«DESCRIPTOR (FOR SCALAR OR ARRAY):

* RPTR«INITIAL ADDRESS IN RAVEL OF RESULT VECTOR:

* NELTS«MAXIMUM NUMRER OF ELEMENTS TO COPY:

* CALL CATCOPY .

* SETS: GSEGLRPTRJ» ¢ +5GSEGLRPTR+N=-11 TO APPROPRIATE ELEMENTS OF A3
* RPTR TO (RPTR+N)3

* NELTS TO (NELTS&-N)3

* WHERE N = MINIMUMC(NELTS>ANELTS).

* [ISES: APTR>RPTRsT&>TO9=TEMP .

CATCOPY: RETURNIFC NELTS=A )3 * NOTHING TO COPY
* DISPATCH ON RANK OF OPERAND.
TEMP«AL AND SCATYPEB3
GOTO CATCOPSCA IF TEMP#03
GOTO WHATERR IF ALSARYTYPE=03
* OPERAND IS AN ARRAY.
READTESTGC AR )3 * READ 1ST HEADER WORD
APTR«AR+SHAPEQFFSET3

TEMP «MEMDATAL AND RANKB PAUSE3s * TEMP«A.RANK

APTR«APTR+TEMP ;3 * APTR«A.RAVELLCFIRST]
*

READTESTGC AR P1 )3 * READ 2ND HEADER WORD

WAITREADS

T&«MEMDATAR:; * T8«AL.NELTS

s
CATCOPLOOP :RETURNIFC NELTS=m )3
RETURNIFC T&=aA )3
NELTS«NELTS-13
TEReTR=-13
READTESTG(C APTR )3
APTR«APTR+13
WATTREADS
MEMDATAL«MEMDATAL:s MEMDATAR«MEMDATAR:
TESTGWRITEC RPTR )3
RPTR«RPTR+13
GOTO CATCOPLOOP:;
* OPERAND IS SCALAR.
CATCOPSCA: MEMDATAL«AL3; MEMDATAR«AR:
TESTGWRITEC RPTR )3
NELTS«NELTS-13
RPTR«RPTR+ZERO P1 ANDRETURN3;




INDEX GENERATOR (""MONADIC IOTA'"™)
IF L IS A NON-NEGATIVE PSEUDO-INTEGER», C(INDEXGEN L) RETURNS AN
L-ELEMENT VECTOR CONTAINING THE INTEGERS IORGs»IORG+15ee¢+5I0RG+L-1.

* ¥ ¥ ¥

INDEXGEN:s CALL PSEUDOINT: ¥ LOAD INTEGER ARG INTO ALAR
* THE OPERAND MUST BE NON-NEGATIVE AND LESS THAN 21t16.
GOTO DOMAINERROR IF ALS$SIGN=13 * ARG<MA

GOTO DOMAINERROR IF ALSR#M3 * 2116<=ARG

* CREATE THE RESULT VECTOR. AR CONTAINS THE NUMBER OF ELEMENTS.
MKNELTS«AR 3
CALL MAKEVEC: * RPTR«MAKEVEC (MKNELTS)

* USE GENOP TO FILL IN THE ELEMENTS OF THE NEW VECTOR.
SETFLAGC MONOPB+ASCALARB+RARRAYB )3
APTR«FLAGS AND IORGB:3: * APTR«INDEX ORIGIN
OPNO«IGOPNO s
GOTO GENOP:3;

* ROUTINE FOR I-TH STEP:

IGELT ¢ LINK«OPRET 3
AL«INTTYPER3 AR<APTR ANDRETURN3




A

*

* CONSCALAR -- (IMMEDIATE) CONSTANT SCALAR. A 32-BIT SCALAR DESCRIPTOR
* FOLLOWS IN THE INSTRUCTION SEQUENCE.
CONSCALAR: CALL NEXT2: * TEMP«NEXT2 ()
AL«TEMP 3
CALL NEXT2: * TEMP«NEXT2()
MEMDATAL<ALs MEMDATAR«TEMP;
INCLTOP 3
GOTO WLCYCLE: * WRITELTOP & GOTO CYCLE
%
* CONVEC -- (IMMEDIATE) CONSTANT VECTOR.
*
* FIRST BYTE OF CONVEC INSTRUCTION IS ITS ETC-CLASS OPCODE:
* SECOND BYTE IS ELEMENT COUNT (A<=COUNT<=255)3
* THE ZERO TO THREE BYTES UP TO THE NEXT FULLWORD BOUNDARY ARE IGNORED:3
* FINALLY COME THE R22-BRIT SCALAR DESCRIPTORS, ONE TO A FULLWORD.

* SET MKNELTS«NEXTBYTEC() .

CONVEC: CALL NEXTRYTE3 * TEMP«NEXTRYTE ()
MKNELTS«TEMP 3

* CREATE RESULT VECTOR, SETTING MKP TO ITS BASE ADDRESS AND RPTR TO

* ADDRESS OF FIRST WORD OF ITS RAVEL.
CALL MAKEVEC:S * MKPsRPTR«<MAKEVEC (MKNELTS)
SETFLAGC RARRAYB )3 * FOR TRAP HANDLING

* SET T1 TO PRASE-RELATIVE FULLWORD ADDRESS OF NEXT CODE WORD.
F%*PG$R+9§xﬁ‘#44—F4+”T+fff’?+7 * Tl«CEILCPCTRZ74)

!

ok MKNELTS «MKNELTS -1 3 T & 5z ~
ok GSEGIRPTRI«PSEGIPRBASE+T1 13 ; "ﬁ”fplf: P

*k T1«T1+13 = < ey v
*ox RPTR«RPTR+13 : Y
%% ENDWHILFE3

CVLOOP : GOTO CVFIN IF MKNELTS=3

MKNELT S «MKNELTS =13

TEMP «PBASE+T1 3

PEADTESTP( TEMP 3 ,
WARFREAD: s T2E 724 ¥ oo0lf,
MEMDATAL«MEMDATAL3 MEMDATAR«MEMDATAR 3

. | FESFOWRTTRCRPTR—I D 7E5/7L 255 (FrR ST R YTIE PAKIFE pACLC) “ TLET [pf s

HeFls CljoS,pr s 4 A e .
RPTRRPTR+1 3 L R ATE (AR,

GOTO CVLOOP:3;
* INCREMENT LTOP, SET LSEGILLTOP] TO A DESCRIPTOR FOR THE NEW ARRAYs AND
* SET PCTR«4%T1.
CVFIN: INCLTOP 3

MEMDATAL<«ARYTYPEB3 MEMDATAR«MKP 3

PCTR«T1+T1 L13;

GOTO WLCYCLE: * WRITELTOP & GOTO CYCLE




k
* BRANCH ("MONADIC RIGHT-ARROW'™)

BRANCH CALL TOP3 * LOAD OPERAND INTO ALAR
* DISPATCH ON TYPE OF OPERAND.
GOTO BRAFLO IF ALSFLOTYPE=13 * OPERAND IS FLOATING-POINT
GOTO BRRAINT IF ALSINTTYPE=13 x* INTEGER
GOTO TYPEERROR IF ALSCHTYPE=13 x CHARACTER
GOTO WHATERR IF ALSARYTYPE=@; % ?
* OPERAND IS AN ARRAY. IT MUST BE OF RANK ONE.
READTESTG( AR )3 * READ 1ST HEADER WORD
TEMP «MEMDATAL EOR 1 PAUSES
GOTO RANKERROR IF TEMPS®R#03 % RANK#1
* IF THE ARRAY IS EMPTY, THE BRANCH NO-OPS. OTHERWISE»> THE FIRST
* ELEMENT OF THE ARRAY IS USED AS THE ARGUMENT FOR BRANCH.
READTESTGC AR P13 * READ 2ND HEADER WORD
FRP«AR3 r LR ELf (sHs FEsET #)
T1«LTOP3
LINK«BRANCH;
WA ITREADS * MEMDATAR CONTAINS NELTS
GOTO PEEL IF MEMDATAREM; * PEEL(FRP»T1) & GOTO BRANCH
* NELTS=0. '

LTOP«LTOP=-13
LINK«CYCLE;
GOTO DECRFCF 3

* OPERAND IS FLOATING-POINT.

BRAFLO: CALL FIXAs
* OPERAND IS AN INTEGER.
* RETURN FROM THE CURRENT PROCEDURE IF THE

* POP ARRAY FROM STACK
* CALL DECRFCF(FRP) &
* GOTO CYCLE

CONVERT IT TO AN INTEGER.

OPERAND IS NON-POSITIVE

* OR LARGER THAN THE NUMBER OF LINES IN THE CURRENT PROCEDURE.
BRAINT: GOTO RETURNF IF ALSSIGN#7; * ARG<?
GOTO RETURNF IF ALSR#43 * NLINES<2116<=ARG
GOTO RETURNF IF AR=M3 * ARG=7
READTESTP( PBASE )3 * READ 1ST PROCEDURE HDR WORD

T1«MEMDATAL AND
T2«AR EOR =13
T1«T1+T2 P13
GOTO RETURNF IF T1$%0=13

* SET THE P~COUNTER

* OPERAND «

* THE CODE.)
LTOP«LTOP-13
READTESTP( PBASE P1
T1«PBASE+CODEQOFFSET3
AR«AR-13
AR«AR R1 SO0;
T1 «MEMDATAL+T1
T1«T1+AR3S
READTESTPC T1 )3
TEMP«MEMDATAL PAUSES
GOTO GOGO IF NOSPILL:
TEMP «MEMDATAR;
GOTO GOGOs3

NLINESB PAUSE:;

)3

PAUSE 3

* T1«NLINES-ARG
* NLINES<ARG

TO THE ELEMENT OF THE LINE TABLE INDEXED BY THE
(LINE TARLE ELEMENTS ARE PACKED TWO PER WORD»

FOLLOWING

POP ARG FROM STACK

READ 2ND PROCEDURE HDR WORD
START OF CODE

PREPARE FOR 1-0ORIGIN INDEX

¥* ¥ ¥ ¥

*

MEMDATAL HAS CODE LENGTH

* READ LINE TABLE WORD

* LINE NUMBER IS EVEN
ODD



%
* GO (NOT

GO:
GOGO:

*

* GOTRUE,GOFALSE (NOT STANDARD APL OPERATORS)

GOTRUE ¢

*
GOFALRE s
*

GOCOND ¢

A STANDARD APL OPERATOR)

CALL NEXT23: .
T1eTEMP R13 T1eT1 R13
7ERO«PNLEN+T1 3

GOTO PERR IF CARRY3:
PCTR«TEMP 3 g
GOTO CYCLE:

BR«13
GOTO GOCOND3

BR«@ 3

CALL NEXT23
BRL<TEMP 3

CALL PSEUDOINT3
CALL TESTLOGA;
LTOP<LTOP=] 3

AR«AR EOR BR3;

GOTO CYCLE IF AR#%3;
TEMP«BL3s

GOTO GOGOs

* TEMP«NEXT2 ()

* TESTPADDRC T1 )

* TRANSFER ON TRUE

BRANCH ON FALSE

TEMP«NEXT2 ()

PSEUDOINT()> TESTLOGA ()
SAVE BL,BR

POP OPERAND FROM STACK

NO TRANSFER
TRANSFER



*
* RETURNF -- RETURN FROM FUNCTION

* SAVE THE LEFT HALF OF THE FIRST HEADER WORD OF THE CURRENT FUNCTION

* RLOCK IN TM.

RETURNF ¢ READTESTP( PBASE )3 * READ 1ST PROC. HEADER WORD
TA«MEMDATAL PAUSE:S

* GENERATE A TRAP IF THE GLOBAL FUNCTION TRACE MODE IS TURNED ON

* AND THE RETURN TRAP BIT OF THE CURRENT FUNCTION IS SET.

GOTO RF1 IF FLAGSSFCNRTRC=@3* NO RETURN TRACING
GOTO RTNTRAP IF TASRTNTRACE=13;
* SET T1 TO THE NUMBER OF LOCALS OF THE CURRENT FUNCTIONs, I.Ee. TO THE

* NUMBER OF ARGUMENT VARIABLES PLUS THE NUMBER OF LOCAL VARIABLES.
RF1 ¢ T1 «MEMDATAR RE3
T1«T1 R13 T1«T1 R13 T1«T1 R135 T1«T1 R13;
TEMP «MEMDATAR AND NLOCALSB3
TL «T1+TEMP3
* SET T2 TO THE LBASE OF THE FUNCTION BEING RETURNED TO. UNLESS THIS
* IS LESS THAN THE CURRENT LBASE, GENERATE A "RETURN FROM LEVEL ZERO"
* TRAP.
READLC LERASE )3
T2+«MEMDATAL PAUSE3;
TEMP «LBASE EOR =13
ZERO«T2+TEMP P13
GOTO RETURNERROR IF CARRY3: * T2>=LBASE
* CHECK THAT THE RESULT VALUE IS DEFINED AND SAVE IT IN AL»AR»> PROVIDED
* THE CURRENT FUNCTION HAS A RESULT. IN ANY CASE SET T3 TO THE ADDRESS
* OF THE "TOPMOST'" LOCAL TO BE RELEASED.
T3«LBASE-13

GOTO RFZ2 IF TASRESULT=A3 * NO RESULT

GOTO LERFR IF NOCARRY:

READTESTLC T3 735 * READ RESULT VARIABLE
TR«T3=13

T1eT1-15 * ONE LESS LOCAL TO RELEASE

AL«MEMDATAL PAUSE: AR<MEMDATAR3 * SAVE RESULT VALUE /4
TESTNOTEQUALC ALs UNDFTYPEB» VALUEERROR )3 & unde /KGJ resy
¥ RELFEASE THE LOCAL VALUES.

RF2: LFOP+T33 * ADDRESS OF FIRST TO RELEASE
RFRLSLOOP: GOTO RFR3 IF T1=23 * ALL RELEASED
T1=T1=13

READTESTLC LTOP )3
LTOP «LTOP-13
LINK«RFRLSLOOP:
GOTO DECRFC3s
* STACK THE RESULT VALUEs, IF ANY.
RFR: GOTO RF4 IF TAESRESULT=03; * NO RESULT
LTOP«LTOP+1 3
MEMDATAL«AL3 MEMDATAR<«AR:
WRITELTOP
* UPDATE THE REGISTER
@"IT WAS NOT CRASHEDeeeeecsan
ABREAK LINKS.S LBASE, PFIRST»> PNLEN, PBASE, AND PCTR.
RF 4 LBASE«T23;
LINK«CYCLE: * CALL LOADPC) &
GOTO LOADP:3; * GOTO CYCLE

*

CALL DECRFC ¢&
GOTO RFRLSLOOP

*




CALL FUNCTION

FIRST RYTE OF CALL INSTRUCTION IS ITS ETC-CLASS OPCODE3s
SECOND & THIRD BYTES CONTAIN FOLLOWING FIELDS IN INDICATED ORDER:
NUMBER OF ARGUMENTS = NARGS (4 BITS)
FUNCTION DESCRIPTOR = FDESCR:
PROCEDURE SEGMENT SELECTOR = PSEGSEL (1 BIT)
FUNCTION NUMBER = FCNO (11 BITS)

¥ X ¥ X K K X ¥ ¥

* FETCH INSTRUCTION BYTES CONTAINING NARGS»> PSEGSEL> AND FCNO.
CALLFCN: CALL NEXT2: * TEMP«NEXT2()
* SET TA«FUNCTION DESCRIPTOR (MAINTAINED THROUGHOUT CALLFCN)3 AND
* T1+<NARGS.
TA«TEMP AND RMASKI1Z2;
T1«TEMP RE3
T1«T1 R13 T1«T1 R13 T1«T1 R13 T1«T1 R13
* CHECK THAT THERE ARE AT LEAST NARGS TEMPORARY VALUES ON TOP OF THE
*k STACK, T.F. THAT (LBASE+2)+(NARGS-1)=(LBASE+NARGS+1)<=LTOP.
TeAPCALL! TEMP<LBASE+T1 P13 * TEMP«LBASE+NARGS+1
TEMP«TEMP EOR =13 * TEMP«-(LBASE+NARGS+1)-1
ZERO«LTOP+TEMP P13
GOTO STKUFERR IF NOCARRY:
* SET PFIRST»PNLEN TO THE BASE,(-LENGTH) OF THE CALLEE'S PROCEDURE
* SEGMENT «

FEMP-APLPSEGAWD s TImMPe T 426 KE,

GOTO—€F? IF TASPSEGSEL=0; - ——

TEMP«APLPSEGT WD FErIO e TERP s mpLCE
CFo s READC TEMP )3 =

PFIRST«MEMDATAL PAUSE;
PNLENeMEMDATAR EOR =13 PNLEN«PNLEN+13
SET T1 TO CALLEE'S PRASE. THE PROCEDURE SEGMENT BEGINS WITH A
SERIES OF TWO-WORD "DIRECTORY ENTRIES". THE LEFT HALF OF THE FIRST
WORD OF A DIRECTORY ENTRY IS THE SEGMENT ADDRESS OF THE CORRESPONDING
FUUNCTION BODY. —~
TEMP«T@ AND FCNOB3
TEMP «TEMP+TEMP3
READTESTPC TEMP )3
T1«MEMDATAL PAUSE;
* READ THE FIRST WORD OF THE CALLED FUNCTION BLOCK.
READTESTPC T1 )3
x SET T3 TO LEFT HALF OF FIRST HEADER WORDs T2 TO CALLEE.NLOCALS .
T3 «MEMDATAL PAUSE3
T2 «MEMDATAR AND NLOCALSB;
* CHECK THAT ROOM ON THE STACK EXISTS FOR THE LOCAL VARIABLES AND
* TWO-WORD STACK FRAME OF THE CALLED FUNCTION.
TEMP «LTOP+T23 GOTO STKOF IF CARRY:
TEMP «LTOP+23; GOTO STKOF IF CARRY:
ZERO<LNLEN+TEMP3 GOTO STKOF IF CARRY:3
" CALLER'S PROGRAM COUNTER IN THE CURRENT STACK FRAME.
RMWLC LBASE P1 )3
WA ITREADS
MEMDATAR«PCTR3 MEMDATAL«MEMDATAL ANDWRITE:

* ¥ ¥ ¥

* SAVE TH

[

-




* INITIALIZE THE CALLEE'S LOCAL VARIABLES WITH UNDFTYPE VALUES.
CFINITLOOP:GOTO CF2 IF T2=03
T2«T2-13
LTOP«LTOP+1 3 * OVERFLOW IS IMPOSSIBLE (?2!)
MEMDATAL«UNDFTYPEBs MEMDATAR«?;
WRITELTOP 3
GOTO CFINITLOOP:
* CREATE THE TWO-WORD STACK FRAME.
CF2o: LTOP«LTOP+13
MEMDATAL«LRASE; MEMDATAR«?; ¢ LAST LBASE
WRITELTOP 3

LTOP«LTOP+13
MEMDATAL«TAs MEMDATAR«®3 * FDESCR (»PCTR)
WRITELTOP 3
* UUPDATE THE REGISTERS LRASE, PBASEs, AND PCTR.
LRASE«LTOP~-13
PBASE«T1 3
PCTR«CODEOFFSET*43;
* THE CALL IS COMPLETE3 A FUNCTION CALL TRAP SHOULD BE GENERATED IF
* THE GLOBAL AND LOCAL CALL TRACE MODE BITS ARE SET.
GOTO CYCLE IF FLAGS$FCNCTRC=03
GOTO CYCLE IF TRECALLTRACE=%3;
GOTO CALLTRAP:




* X K X ¥ ¥ ¥

USES:

PSEUDOINT:

* DISPATCH

PSEUDOINT ()

LOADS ALsAR WITH TOP STACK ELEMENT. AND:
(1) CONVERTS FLOATING-POINT NUMBER TO INTEGER3:
(2) "PEELS" A 1-ELEMENT ARRAY.

TA>T1sT6sT75T85T9> COUNTER> MEMORY REGISTERS

T1<«LINK3S

CALL TOP;

LINK«T13s

ON TYPE OF OPERAND.

GOTO FIXA IF ALSFLOTYPE=13 * CALL FIXA & RETURN

RETURNIFC ALSINTTYPE=1 )3
GOTO TYPEERROR IF ALSCHTYPE=13
GOTO WHATERR IF ALSARYTYPE=03;

* OPERAND IS AN ARRAY. IT MUST BE A 1-ELEMENT ARRAY.

READTESTGC AR P1 )3 * READ 2ND HEADER WORD
WATITREAD;
TESTEQUALC MEMDATAR> 1> LENGTHERROR )3

* "PEEL'" THE ARRAY AND START OVER.

FRP«AR;

T1«LTOP:

TO L INK 3 -
Catt—PEEL: -/ Ly
LT NKeT s Ly,
GOTO PSEUDOINTS /
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*
*

FIXACO)

CONVERTS FLOATING-POINT NUMBER IN ALsAR TO INTEGER.
ERROR IF FRACTIONAL PART OF ARGUMENT IS NONZERO OR IF 2t23<=ABS(ARG).

USES: COUNTER,ASIGNLAEXPsFTI1

UNPACK A.
ASIGN GETS ASSIGN.

FIXAz: ASIGN«AL AND SIGNB3;

*

*

AEXP GETS ASEXP-EXPBIAS.

AEXP«AR AND EXPB3 AEXP<«AEXP-EXPBIAS;

AL>AR GETS ASMAGNITUDE.
AL«AL AND SIGNC:
AR«AR AND EXPC3
GOTO DOMAINERROR IF AEXPSMA#0 3 *
TESTLESS( AEXP, 23, DOMAINERRR )3
FT1«AEXP-(3A+1)3 %
COUNTER«FT1 EOR -13 *
FT1«LINK3
LINKe«FXLOOP 3

FXLOOP : GOTO DOMAINERROR IF ARS$15#03 *

AL«AL R1 SO3 AR«AR SI R1 D Js
LINK«FT13

FXPACK: AL<AL OR INTTYPER3:

AL<ASIGN OR AL ANDRETURNS

AEXP <0

* IS AEXP<23 7
YES
COUNTER«30-ASEXP

ASFRACTION#®



¥
*

* PEEL ()

* CALL: FRP«<ADDRESS OF ARRAY TO PEEL>

* T1«<LFIRST-RELATIVE ADDRESS TO PUT PEELED SCALAR>
* CALL PEEL .

* SETS: LIT1] TO FRP.RAVEL[1] AND DECREMENTS FRP.RFC .

* USES: TEMP>FRPsFRSIZE>FRT15FRT2, MEMORY REGISTERS

PEEL: READTESTGC FRP )3

TEMP«MEMDATAL AND RANKB PAUSE:

TEMP «TEMP+SHAPEQOFFSET 3

TEMP «FRP+TEMP 3 * TEMP«@ARRAYRAVELLFIRST]
READTESTGC TEMP )3

TEMP «MEMDATAL PAUSE3; MEMDATAL<TEMP3: MEMDATAReMEMDATARS
TESTLWRITEC T1 )3

GOTO DECRFCF3; * CALL DECRFCF & RETURN




MAKEVEC ()
CALL: MKNELTS«NUMBER OF ELEMENTS3:
CALL MAKEVEC .
SETS: MKP, GSEGL[BLOCKPTRI] TO ADDRESS OF NEW VECTOR WITH ITS HEADER

AND SHAPE INITIALIZEDS
RPTR TO ADDRESS OF FIRST ELEMENT OF RAVEL OF NEW VECTOR.
FATLS: IF ARRAY STORAGE IS FULL.
USES:2 EVERYTHING EXCEPT T® (=FIRSTBYTE) AND T1.

¥ K K K K R K K ¥ K

MAKEVEC @ MKRANK «1 3
T2<«LINK3
CALL MAKE3:
LINK«T23

* INITIALIZE THE SHAPE: WORDe
TEMP «MKP+SHAPEOFFSET 3
MEMDATAL«INTTYPERS MEMDATAR<MKNELTS3
WRITEGC TEMP )3

* SET RPTR AND RETURNe
RPTR«MKP+SHAPEOFFSET+1 3
RETURN3




*

TWO HEADER WORDS.

BLOCK TO BE

%k

* MAKE() -- ALLOCATE AN ARRAY BLOCK AND INITIALIZE ITS

* COALL: MKNELTS « NUMBER OF ELEMENTS IN NEW ARRAY:

* MKRANK « RANK OF NEW ARRAY3:

* CALL MAKE

* SETS: MKP = ADDRESS OF NEW BLOCK3:

* MKSIZE = LENGTH OF NEW BLOCK EXCLUDING SLOP3:

s GREGIBRLOCKPTR1 = MKP3:

* GSEGIROVER] = ADDRESS OF "NEXT" FREE BLOCK.

* ISES: MKSIZEsMKT15>MKT2sMKTR? AND MEMORY REGISTERS.

ko '

% FUNCTION MAKEC NELTS»> RANK )3

o GLORAL CELL ROVER3:

o POINTER P3; INTEGER N3

%  PeROVER3 o/ lesst |

*ex Ne2 +RANK+NELTS 3 R =7

KD A /—(Tféo

MAKE @ READGC ROVER )3 ; Z/
MKSIZE « +NKNELTQ+~R1' % LENGTH-OF
MKT2 «MEMDATNOL PAUSE: * MKT2«ROVER
MKP «MKT2 3

ok ) M K RANK

ok WHILE P.SIZE<N DO:

%k Pe«P . NEXT3s.

*ok FRETURN IF P=ROVER3:

*ox ENDWHILE$

MKSEARCH: READTESTG( MKP )3 - _{;!g5/z{ +/}

MKT1+MKSIZE EOR -13 - °
WA ITREAD 3

MKT1 «MEMDATAR+MKT 1 Jast=p~ * MKT1«P«SIZE-N
GOTO MKFOUND IF CARRY: ¥ PeSIZE>=N
eiape( HKP *% MiT3

READTESTGC MKP P+ ¥y3—~ 7
MKP «MEMDATAL PAUSES * PePoNEXT

MKT1«MKP EOR MKTZ23:

GOTO MKSEARCH IF MKT1#4; * P#ROVER
* THERE IS NO BLOCK CONTAINING N OR MORE WORDS.

GOTO MKGOF 3

aosesi’

ok
ksk (P+P «.SIZE) .PREVFREE«FALSE;

£33 ROVER«P «NEXT 3

MKF OLIND ¢ MKT2 «MEMDATAR+MKP 3 * MKT2«P+P.SIZE

GOTO GERR IF CARRY:3:

TESTGRMW(C MKT2 )3
* NOW WE KNOW ALL ADDRESSES FROM (MKP) THROUGH (MKT2)
* ARE WITHIN THE GLOBAL SEGMENT.

WAITREADS

MEMDATAR«MEMDATAR

INCLUSIVE




MEMDATAL«MEMDATAL AND PREVFREEC ANDWRITE:

READGC MKP P1 )3 * READ 2ND HEADER WORD OF
MKT2 «MEMDATAL PAUSE3; * MKT2«P+NEXT
MKT3<«MEMDATAR 3 * MKT3«P.BACK

MEMDATAL«MKT23 *MEMDATAR«ANYTHING:
) WRITEGC ROVER )3
ke

k% IF P+RIZE-N<=MAXSLOP DO
%ok PeBACK NEXT«P « NEXT 3
ok P«NEXT «BACK«P «BACK
*% PeSLOP«P.SIZE~-N3
o kk P«THISFREE«FALRSE;
- ks P.PREVFREE«FALSE:;
k% P«RANK«RANK 3

% A FREE BLOCK WITH MORE THAN MAXSLOP WORDS OF SLOP WILL BE SPLIT.
TESTLESS( MKT1s (MAXSLOP+1), MKSPLIT )3

SETNEXTC( MKTR, MKT2 )3 * PeBACKNEXT«P «NEXT
SETBACK( MKT2, MKT3 )3 * P«NEXT.BACK<«P «.BACK

MKT1«MKT1 L83

MEMDATAL«MKT1 OR MKRANK: * PoeFLAGS* e
%
sk ELSE DOs
sk PeSIZE«P «SIZE-N3
*%k (P+P «SIZE=-1)«SI1ZE«P.SIZE
%k PeP+P.SIZE3
Ak P.THISFREE«FALSES
Kok P«PREVFREE«TRUE
Kk PeSLOP«A 2
K3k P.RANK«RANK:;
GOTO MKYs
MKSPLIT: MEMDATAL«THISFREER: * P«FLAGS ARE UNCHANGED
MEMDATAR«MKT1 3 * RECALL MKT1=P.SIZE-N
WRITEGC MKP )3
MKP «MKP+MKT1 3 * P«P+P.S1ZE
MKT2 «MKP -1 3
MEMDATAL «7 3
MEMDATAReMKT13- - ~
WRITEGC MKT2 )3
MEMDATAL«MKRANK OR PREVFREERB:3; ¥ PeFLAGS® e oo
%k
*kk ENDIF s
ok PeSIZE«N3 PeRFC«135 P«NELTS«NELTS3 RBRLOCKPTR<«P:
%k SRETURN 3

*%k ENDFUNCTION:S:

MKY @ MEMDATAR«MKSIZ%//Ff * PeSIZE«N



WRITEGC MKP )3 = * WRITE 1ST HEADER WORD OF P
MEMDATAL«13 MEMDATAR<MKNELTS
WRITEGC MKP P1 23 o * WRITE 2ND HEADER WORD OF P

MEMDATAL«MKP 3 *xMEMDATAR<ANYTHING:
WRITEGC BLOCKPTR )3
RETURN;




-

FREEC)
CALL:
HSES:2

THERE
1o

FOoH X K K K K K ¥ X ¥ X

-- RETURN A GIVEN BLOCK OF STORAGE TO THE FREE POOL.

FRP«POINTER3 CALL FREE.

FRSIZE (TO HOLD A BLOCK SIZE)

FRT1 (TO HOLD A POINTER TO AN ADJACENT BLOCKs ORess)

FRT2 (IN CONJUNCTION WITH FRT1», TO HOLD A PAIR OF POINTERS)

ARE FOUR CASES TO CONSIDER WHEN FREEING A BLOCK:
NEITHER THE PRECEDING NOR THE FOLLOWING BLOCK IS FREE3;

2. THE FOLLOWING BLOCK IS FREE:
R« THE PRECEDING BLOCK IS8 FREE3:;
4. BOTH ADJACENT BLOCKS ARE FREE.
sk
¥k FUNCTION FREEC P )3
skk DECLARE 03
k% PeSIZE«P.SIZE+P «SLOP3
ki NeP+P.SIZE3
FREE @ READTESTGC FRP )3 * READ 18T HEADER WORD OF P
FREIZE«MEMDATAL AND SLOPR PAUSE:*x MEMDATALSSLOP = P.SLOP &
FRSIZE«FRSIZE R&: * MEMDATAR = P.SIZE
FREIZE«MEMDATAR+FRSIZE:
FRT1«FRP+FRSIZE: % FRT1«P+P.SI1ZE
*%
sk IF P.PREVFREE=FALSE DO3
*k IF R.THISFREE=FALSE DOs
sk NPREVFREE«TRUE:
GOTO FRCASER4 IF MEMDATALSPREVFREE=13 * MEMDATALS]1=P.PREVFREE
READTESTGC FRT1 )3 * READ 18T HEADER WORD OF @
GOTO FRCASE2 IF MEMDATALSTHISFREE=1 PAUSE:;
FRCASE1 ¢ MEMDATAR«MEMDATAR S ¥ Qe«SIZE IS UNCHANGED
MEMDATAL«MEMDATAL OR PREVFREEB ANDWRITE: * QN.PREVFREE«1
*%
% P«NEXT«ROVERNEXT3
%% P .BACK«ROVER3;
%ok P.BACKNEXT«P3s
%k P.NEXT«BACK«P3;
READGC(C ROVER )3
FRT1«MEMDATAL PAUSE: * FRT1«ROVER
TESTGRMWC FRT1 P1 )3 * SETNEXTC FRT1. FRP )
FRT2«MEMDATAL PAUSE:; * FRT2+«ROVERNEXT
MEMDATAR«MEMDATAR 3 * ROVER.BACK IS UNCHANGED
MEMDATAL«FRP ANDWRITES * ROVERNEXTe«P
SETBACK( FRT2s FRP )3 * ROVERNEXT «BACK<«P
MEMDATAL«FRT2: MEMDATAR«FRTI1: * SET P.NEXT AND P.BACK
TESTGWRITEC FRP P1 )3 * WRITE 2ND HEADER WORD OF P
Ak
ks ELSE DOs




%3k PeSIZE«P «SIZE+NRIZES
skesk P«NEXT«Q .NEXT3S
Kk P«RACK«N . BACK 3

GOTO FRCASE12Y3s

FRCASE2:  FRSIZE«MEMDATAR+FRSIZE; * MEMDATAR CONTAINS Q.SIZE
READTESTGC FRT1 P1 )3 * READ 2ND HEADER WORD OF @
FRT1«MEMDATAL PAUSE;: * FRT1¢0+NEXT
FRT2 «MEMDATAR 3 % FRT2«0.BACK
MEMDATAL«FRT13 MEMDATAR<FRT23;  * SET P.NEXT AND P.BACK
TESTGWRITEC FRP P1 )3 * WRITE 2ND HEADER WORD OF P

3k

*ok PeNEXT«BACK«P 3

s P«BACK . NEXT «P

ok ROVER «P 3
SETBACKC FRT1, FRP )3 * 04NEXT+BACK«P
SETNEXTC FRT2, FRP )3 % 0.BACK.NEXT«P
*MEMDATAL«FRP3 *MEMDATAR«ANYTHING:
WRITEGC ROVER )3 % ROVER<P

*ok

Kk ENDIF

ok P+THISFREE«TRUES

FRCASE12Y: MEMDATAL«THISFREEB3 MEMDATAR«FRSIZE:

WRITEGC FRP )3 * WRITE 1ST HEADER WORD OF P
skok
k% ELSE DOs
sk IF A.THISFREE=FALSE DO3
*3k N .PREVFREE«TRUE 3

GOTO FRALLY:
FRCASE34: READTESTG(C FRT1 )3 * READ 1ST HEADER WORD OF @
GOTO FRCASE4 IF MEMDATALSTHISFREE=1 PAUSE:

MEMDATAR«MEMDATAR 3 * N.SIZE IS UNCHANGED
MEMDATAL«MEMDATAL OR PREVFREEB ANDWRITE: * Q.PREVFREE«]

kok

%k ELSE DOs

sk N eBACK NEXT«Q sNEXT3

3k NeNEXT s RACK«R .BACK 3
GOTO FRCASER4Y:

FRCASE4: FRSIZE<«MEMDATAR+FRSIZE:S * MEMDATAL CONTAINS Q.SIZE
READTESTGC FRT1 P1 )3 * READ 2ND HEADER WORD OF 0
FRT1 «MEMDATAL PAUSE: * FRT1«Q.NEXT
FRT2«MEMDATAR:; * FRT2«0Q.BACK

SETNEXTC FRT2, FRT1 )3 * QeBACK«NEXT<0Q«NEXT



SETBACK(C FRT1» FRT2 )3 * OD«NEXT.BACK«N.BACK

*k

sk ENDIF 3

k% P«P=~(P-1)<SI1ZE:

Hok PeSIZE«P «SIZE+(P+P«.SIZE) «SIZE3S

%k ROVER«P 3

FRCASE34Y: FRT1«FRP-13 * FRT1«P-1
READTESTGC FRT1 )3
WAITREAD:
FRT1«MEMDATAR EOR =13 * MEMDATAR HAS (P-1).SIZE
FRP«FRP+FRT1 P13 * FRP«P-(P-1).SI1IZE
TESTGRMWC FRP )3 * READ 1ST HDR WORD OF NEW P
WAITREAD:
FRSIZE«MEMDATAR+FRSIZE3;
MEMDATAR«FRSIZES
MEMDATAL«MEMDATAL ANDWRITES: * P«FLAGS ARE UNCHANGED
MEMDATAL«FRP3 *MEMDATAR«ANYTHING:
WRITEGC ROVER )3

*k

ok ENDIF 3

sk (P+P«SI7E=-1)+SI7ZE«P.SIZE3

k3 RETURN3S

%k ENDFUNCTIONS

FRALLY: FRT1«FRP+FRSIZES
FRT1«FRT1-13 * FRT1«P+P.SIZE-1
_MEMDATAL«Z3s 3 MEMDATAR«FRSIZE:
\_ TESTGWRITE( FRT1 ) ANDRETURN3;

~

Gel® ~ gsupprek  p FRP:-0

* ¥ ¥ ¥

END 3
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