
* PUTS "1"-5 IN POSITIONS
M THROUGH N

CARRY BIT SET?
RESET?

OVERFLOW SET?
RESET?

SHIFT BIT SET?
RESET?

* METAL!

*
*
*
*
*

************************************************************************
* ** APL'META4 *
* MICROCODE 2.'a J?\\'\\AC\\( 1CF13 *
* ** CRMS *
* 1972-? *

* ** PAUL MCJONES *

* *
************************************************************************

** A~BREVIATIONS
DECLARE MACRO DM p DECLARE MACRO;
OM DR ~ DECLARE REGISTER;
OM DC ~ DECLARE CONSTANT;

*OM MASKCM#N) ~ C2t(16-(M»-2t(15-(N»);

*
** INSTRUCTION MODIFIERS
OM ANORETURN ~ JJ OM ANDJUMP ~ JJ
DM ANDREAD ~ MR;
OM ANOWRITE ~ MW;
OM PAUSE p PZJ

** META4 CONDITIONS
OM CARRY ~ CONDITIONS$0=lJ
OM NOCARRY ~ CONDITIONS$0=0J
DM OVERFLOW ~ CONDITIONS$l=l;
OM NOOVERFLOW ~ CONOITIONS$1=0J
OM SPILL ~ CONOITIONS$2=IJ
OM NOSPILL ~ CONOITIONS$2=0J

** STATEMENTS
DM NOTYETIMPL ~ ZERO~ZERO. BREAK *-2;
OM CALL ~ LINKp*+4. GOTO; * USAGE: CALL ROUTINEJ
OM CALLFCROUTINE#ONFAILURE) ~ LINK~*+6. GOTO ROUTINE. GOTO ONFAILURE;
OM RETURN ~ GOTO 0 IX;
OM RETURNIF(P) ~ GOTO 0 IF P IXJ
* THE FOLLOWING TWO MACROS CLOBBER THE REGISTER TEMP.
OM TESTE~UAL(REG~X#ONFAILURE) ~ TEMP~REG EOR X.

GOTO ONFAILURE IF TEMP#0J
OM TESTNOTEQUALCREG#X~ONFAILURE) ~ TEMP~REG EOR X.

GOTO ONFAILURE IF TEMP=0;

*OM TESTLESSCREG~X~ONFAILURE) ~ ZERO~REG-X. GOTO ONFAILURE IF CARRY;
OM TESTNOTLESS{REG~X~ONFAILURE) ~ ZERO~REG-X. GOTO ONFAILURE IF NOCARRY;
* MACROS TO READ AND WRITE ANY SEGMENT.
OM READ{AODR) p MEMAOOR~AODR MRJ
OM WRITE(ADOR) ~ MEMADDR~AODR MWJ

*OM READL(AODR) ~ MEMADDR~LFIRST+ADDR MRJ
OM REAOGCAODR) ~ MEMADOR~GFIRST+ADDR MRJ



*
OM WRITELCAOOR) ~ MEMADDR~LFIRST+AODR MW;
OM WRITEG(ADDR) ~ MEMADDR~GrIRST+ADOR MW;

*OM RMWLCADDR) ~ MEMADDR~LFIRST+ADDR MR MW;

*OM WAITREAO ~ ZERO~MEMDATAL PZJ

*OM READLTOP ~ MEMADDR~LFIRST+LTOP MR;
OM WRITELTOP ~ MEMADDR~LFIRST+LTOP MW;

*OM REAOTESTP(AOOR) ~ MEMADOR~PFIRST+AODR MR.
ZERO~PNLEN+AODR. GOTO PERR IF CARRYJ

DM READTESTL(ADDR) ~ READL(ADDR). ZERO~LNLEN+ADDR. GOTO LERR IF CARRY;
OM REAOTESTGCADOR) ~ READGCADDR). ZERO~GNLEN+ADOR. GOTO GERR IF CARRY;
OM TESTLWRITE(AOOR)~ ZERO~LNLEN+AOOR. GOTO LERR IF CARRY. WRITELCADDR);
OM TESTGWRITECADDR)~ ZERO~GNLEN+AODR. GOTO GERR IF CARRY. WRITEG(AODR);
DM TESTGRMW(ADDR) ~ ZERO~GNLEN+AODR. GOTO GERR IF CARRY.

MEMADDR~GFIRST+AOOR MR MW;
*
OM INCLTOP ~ LTOP~LTOP+l. ZERO~LNLEN+LTOP. GOTO STKOFI IF CARRY;

** MULTIPLY TWO 16-BIT QUANTITIES: (T~A)~A*B.
OM MULTIPLYCA~B~T) ~ T~0. A~A Rl SO.

COUNTER~16. LINK~*+2.

T~B*T Rl SO. A~A 51 Rl SO 0 J;



~ 31;

* ASSORTED FLAG BITS
* ADDRESS FOR MEMORY ACCESS
* LEFT HALF OF MEMORY DATUM
* INPUT/OUTPUT STATUS
* RIGHT HALF OF MEMORY DATUM
* BASE OF PROCEDURE SEGMENT
* 2'S COMPLEMENT OF PSEG LENGTH
* BASE OF LOCAL SEGMENT
* 2'S COMPLEMENT .OF LSEG LENGTH
* BASE OF GLOBAL SEGMENT
* 2'S COMPLEMENT OF GSEG LENGTH
* LOCAL ENVIRONMENT POINTER
* TOP-OF-STACK POINTER
* PROCEDURE BASE POINTER
* CURRENT CODE BYTE POINTER (PBASE RELATIVE)
* ALlAR IS THE
* PRIMARY ACCUMULATOR
* BLIBR IS THE
* SECONDARY ACCUMULATOR
DR FIRSTBYTE ~ 22; * USUALLY HOLDS CURRENT SYL.
DR SEG ~ 23;
DR ADDRESS ~ 24;

t ;~

** REGISTER DECLARATIONS.
CONFIGURE APLJ
* G~NERAL REGISTERS:
DR aERO ~ 0J
DR CONDITIONS ~ IJ DR COUNTER
DR LINK ~ 2;
DR FLAGS ~ 3;
DR MEMADDR ~ 4;
DR MEMDATAL ~ 5;
DR IOSTATUS ~ 6;
DR MEMDATAR ~ 7;
DR PFIRST ~ 8;
DR PNLEN ~ 9;
DR LFIRST ~ 10;
DR LNLEN ~ 11;
DR GfIRST ~ 12;
DR GNLEN ~ 13;
DR LBASE ~ 14;
DR LTD? ~ 15;
DR PBASE ~ 16;
DR PCTR ~ 17;
DR AL ~ 18;
DR AR ~ 19;
DR BL ~ 20;
DR BR ~ 21;
DR T0 ~ 22;
DR Tl ~ 23;
DR T2 ~ 24;
DR 13 ~ 25;
DR T4 ~ 26;
DR 15 ~ 27;
DR T6 ~ 28;
DR T7 ~ 29;
DR 18 ~ 30;
DR T9 ~ 31; DR TEMP
* REGISTERS FOR GENSCALAR:
DR OPNO ~ 22; * INDEX IN GSTAB (SAME REGISTER AS FIRSTBYTE)
DR APTR ~ 23; * CURSOR IN FIRST OPERAND
DR BPTR ~ 24; * CURSOR IN SECOND OPERAND
DR NELTS ~ 25; * COUNTER (SAME AS MKNELTS BELOW)
DR RPTR ~ 26; * CURSOR IN RESULT ARRAY
DR OPRET ~ 27; * RETURN ADDRESS FOR OPERATOR ROUTINE
* REGISTERS FOR MONADIC AND DYADIC SCALAR OPERATOR ROUTINES:
DR AEXP ~ 28; * EXPONENT OF FLOATING-POINT RESULT
DR ASIGN ~ 29; * SIGN OF RESULT
DR FTt ~ 30; * TEMP
DR fT2 ~ 31; * TEMP
* REGISTERS FOR MAKE():
DR MKNELTS ~ 25; * NUMBER OF ELEMENTS IN ARRAY TO ALLOCATE
DR MKRANK ~ 26; * RANK FOR NEW ARRAY BLOCK
DR MKP ~ 27; * POINTER TO NEW ARRAY (ON RETURN FROM MAKE(»
DR MKSIZE ~ 28; * SIZE OF NEW ARRAY BLOCK (ON RETURN FROM MAKE(»



DR HKTI
DR MKT2
DR MKT3
* REGISTERS
DR F'RP
DR F'RSIZE
DR rRTl
DR F'RT2

----.

.. 29J * TEMP

.. 30J * TEMP

.. 31,; * TEMP
F'OR F'REE():

.. 28,; * POINTER TO ARRAY BLOCK TO rREE

.. 29,;

.. 30;

.. 31,;



** rl-AG BITS

* HERE ARE MACROS TO SET AND CLEAR BITS OF THE FLAG REGISTER
* THE ARGUMENT FOR EACH IS A MASK WITH A 1 FOR EACH BIT TO BE ArFECTED.
DM CLEARFLAG(BITS) ~ FLAGS~FLAGS AND (0-(8ITS)-I);
DM SETFLAGCBITS) ~ FLAGS~FLAGS OR 8ITS;

* HERE ARE THE DEFINITIONS Or THE BIT POSITIONS.
DC PCB13 ~ 0; * THESE THREE BITS
DC PCB14 ~ 1; * MUST BE LEFTMOST
DC PCStS ~ 2; DC PC81SBIT ~ 0200008; * IN rLAGS

DC PCLOWB ~ 1600008;



** INTERPROCESSOR COMMUNICATION

*
* IPC FLIPFLOPS (IOSTATUS 8IT POSITIONS>

DC FFSAREAD .. 10,; * READ FFESA]
DC FFSARST .. 12,; DC FFSARSTB .. 0000108,; * RESET FrESA]
DC FFASSET .. 13; Die F'FASSET8 .. 000012148,; * SET Fr[AS]

** ADDRESSES OF COMMUNICATION WORDS

DC APLCOMWD .. 4578,; * SIMPLE-TO-APL COMMAND WORD
DC APLSTATWD .. .4608,; * APL-TO-SIMPLE STATUS WORD
DC APLDSEGWD .. 4618,; * DATA SEGMENT DESCRIPTOR WORD
DC APLPSEG0WD ... 4628; * PROCEDURE SEGMENT DESCRIPTOR WORD
DC APLPSEGt WD .. 4638,; * ALTERNATE PROCEDURE SEGMENT DESCRIPTOR WORD

** STATUS CODES ISSUED BY THE APL PROCESSOR

DC STATWHOOPS .. IJ * "WHOOPS~ STARTED WHILE RUNNING"
DC STATOK .. 2; * "OKI STOPPED"
DC STATTRAP .. 3; * "TRAP"



/
r-

(~. *
* PROCEDURE BLOCKS

* 1ST WORD, LEF"T HALF":
DC CALLTRACE .. 1 ;
DC RTNTRACE .. 2;
DC RESULT .. 3;

DC NLINESB .. 0077778;
* 1ST WORD, RIGHT HALF:

DC NARGSB .. 170000B;
DC NLOCALS8 .. 0077778;

* PROCEDURE BLOCK-RELATIVE ADDRESS OF FIRST CODE SYLLABLE:
DC CODEOFFSET .. 2;



-----i

* I
I

* DATA SEGMENT STATE AREA

DC SBSP ... 01 * CONTAINS SBASE" SPTR
DC rLLB ... 1 1 * CONTAINS rLAGS" LBASE
DC TRAPINrO ... 21 * GETS TRAP CLASS" NUMBER
DC SAVENO ... 3; * SAVE NELTS" OPNQ ArTER INTERRUPT Or GENOP
DC SAVEAB ... 4'; *

t'e APTR" BPTR tif

DC SAVERX ... 5J *
t,e RPTR e,e

DC ROVER ... $J * rREE POINTER FOR ARRAY SPACE
DC BLOCKPTR ... 7J * ADDRESS OF LAST ARRAY BLOCK ALLOCATED

*DC GLOBALOFFSET ... 8; * G-RELATIVE ADDRESS OF FIRST GLOBAL VARIABLE



DC SIGNS ... 1000008; DC SIGNC ~ 0777778;

DC COEF823BIT ... 0004008;

DC ROUND28 ~ 0001008;
DC STICKY8 ~ 0000408;
DC EXPB ~ 0003778; DC EXPC ~ 1774008;

WORD

FLOATING-POINT FORMAT
INTEGER FORMAT

NUMERIC SCALAR IN
NUMERIC SCALAR IN
CHARACTER SCALAR
ARRAY
INDIRECT PARAMETER
UNSPECIfIED VALUE

TEMPLATES
~ 04013:0138;
~ 0200:00B;
~ 010(;~nlJ0B;

.. 004000B;
~ 0020008;
~ 00lf2H?J08;

TYPES
~ 1; *
~ 2; *
~ 3; *
~ 4; *
~ 5; *
~ 6; *

** DE;SCRIPTOR
DC PLOTYPE
DC INTTYPE
DC CHTYPE
DC ARYTYPE
DCREFTYPE
DC UNDfTYPE

** DESCRIPTOR
DC YLOTYPEB
DC I NTTYPEB
DC CHTYPEB
DC ~RYTYPE8

DC ~EFTYPEB

DC UNDFTYPEB

** MASKS fOR INTERESTING SETS OF TYPES
DC NUMTYPEB ~ 0600008J * NUMERIC SCALAR TYPES
DC SCATYPEB ~ 070000BJ * SCALAR TYPES

** FIELDS OF A FLOTYPE VALUE (FLOATING-POINT NUMBER).
* LEFT HALF:
DC SIGN ~ 0;
DC GOEFBI ~ 1.;
* RiGHT HALf:
DC COEf823 ~ 7;
DC ~OUNDt ~ 8;
DC ROUND2 .. 9;
DC STICKY ~ 10;

* fLOATING-POINT ONE

* lXXXMMMM
* XIXXMMMM
* XXIXMMMM
* XXXIMMMM
* XXXXIXXX
* XXXXXIXX
* XXXXXXIX
* XXXXXXXI

ANDWRITEJ

ANDWRITE;

POINTER IN FREE BLOCK.
~ TESTGRMW(PTR PI). WAITREAD.
MEMDATAR~MEMDATAR. MEMDATAL~VAL

POINTER IN FREE BLOCK.
~ TESTGRMW(PTR PI). WAITREAD.
MEMDATAR~VAL. MEMDATAL~MEMDATAL

* MACRO TO SET 8ACK
DM SET8ACK(PTR.VAL)

*DC ~XPBIAS ~ 2008;

*DC ~LPTIL ~ 040000B; DC fLPTIR ~ 0002008;

** 0I?CODE BITS
DC OPC8eJ ~ 8;
DC OPC81 ~ 9;
DC ,OPCB2 ~ 10;
DC QPC83 ~ 11;
DC iPPCB4 ~ 12J
DC ;ePCBS ~ 13;
DC OPCB6 ~ 14J
DC lOPC87 ~ 15;

** ARRAY BLOCKS
* MACRO TO SET NEXT
DM SETNEXT(PTR~VAL)

._-----_._--------------------....._..-_.



c * FIELDS IN 1ST HEADER WORD:
DC THISFREE ~ 01 DC THISFREE8 ~ 1000008; DC THISFREEC ~ 0777778;
DC PREVFREE ~ 11 DC PREVFREEB ~ 040000B; DC PREVFREEC ~ 1377778;

DC SLOPB ~ 0374008;
DC RANK8 ~ 0003778;

* MAXIMUM SLOP ALLOWED. THIS SYM80L IS REFERENCED IN EXACTLY ONE PLACE~

* IN THE ROUTINE MAKE().
DCMAXSLOP ~ 4;
* ARRAY BLOCK-RELATIVE ADDRESS OF FIRST SHAPE WORD:
DC SHAPEOFrSET ~ 2;

** M~SC.

DC PSEGSEL ~ 4; DC PSEGSELB ~ 0040008;
DC rCN08 ~ 0037778;

c

*DC LSEG
DC GS:.EG

*DC ONEINST

*DC RMASKI
DC RMASK4
DC RMASK6
DC RMASK8
DC ~MASK12

~ 0J * LOCAL SEGMENT
~ 1; * GL08AL SEGMENT

~ 2; * ONE MICROINSTRUCTION OCCUPIES TWO WORDS

~ 0000018;
~ 000017BJ
~ 0000778J
~ 0003778J
~ 007777B1



*
** TRAP HANDLING.

** CLAss 1 -- STORAGE OVERF'LOW

STKOF'I:
STKOF':
MKGOF':
STGCLASS:

LTOp .. LTOP -1,;
T2"1,; GOTO STGCLASS,;
T2"2;
Tl"l,; GOTO TRAP,;

r
\

*
* CLASS 2 -- DEBUG

STEPTRAP: T2"1 J GOTO DBGICLASS;
CALLTRAP: T2"2;
DBGICLASS: Tl"2,; GOTO TRAPl,;

*RTNTRAP: T2"3; GOTO DBGCLASSJ
BKPTTRAP: T2"4;
DBGCLASS: Tl"2; GOTO TRAP;

** CLASS 3 -- SYSTEM AND/OR COMPILER ERRORS

PERR: T2"1 ; GOTO SCCLASSJ
LERR: T2"2,; GOTO SCCLASSJ
GERR: T2"3,; GOTO SCCLASS;

*STKUF'ERR: T2"4,; GOTO SCCLASS,;

*WHATERR: T2"5,; 60TO SCCLASS;

*REF'ERR: T2"6; GOTO SCCLASS,;

*MRSYLERR: T2 .. 7,; GOTO SCCLASSJ
MRUNDERR: T2"8,; GOTO SCCLASS,;

*GSUNDERR: T2"9J GOTO SCCLASS,;
GOUNDERR: T2 "101 GOTO SCCLASSJ

*ETCUNDERR: T2 "11 ; GOTO SCCLASS,;

*RETtJRNERR: T2 "12;
SCCLASS: Tl"3,; GOTO TRAP,;

** CLASS 4 -- ATTENTION

ATTNTRAP: Tl"4,; GOTO TRAPN0,;

** CLASS 5 -- RANK ERROR

-----

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

* AS USUAL~ THESE TRAPS OCCUR
* AT THE BEGINNING OF' THE
* INSTRUCTION



c= RANKERROR: Tl~5; GOTO TRAPN0;

** CLASS 6 -- LENGTH ERROR

LENGTHERROR:Tl~6; GOTO TRAPNeI;

** CLASS 7 -- TYPE ERROR

TYPEERROR: Tl~7J GOTO TRAPN0;

** CLASS 8 -- DOMAIN ERRORS

lOr: T2~1 ; GOTO DOMCLASS;

*rEXPUF: T2"2; GOTa DOMCLASS;
rEXPOr: T2~3; GOTO DOMCLASS;
*
DIV0ERR: T2"4; GOTO DOMCLASS;
*
DOMAINERROR:T2~5;

DOMCLASS: Tl~8; GOTO TRAP;

*
(~ * C,LASS 9 - - I NDEX ERRORS

IXRNARGERR:T2~lJ GOTO IDXCLASSJ
INDEXERROR:T2~2J

IDXCLASS: Tl~9; GOTO TRAP;

** C:LASS 10 - - VALUE ERROR

VALUEERROR:Tl~10; *GOTO TRAPN0;

* TRAP OF CLASS WHICH TAKES NO NUMBER.
TRAPN0: T2"0;

*GOTO TRAP;

c

---e-



c

* I* HANDLE A TRAP. (Tl#T2) CONTAIN THE TRAP (CLASS#NUMBER)# WHICH WILL
* BE STORED IN THE STATE AREA OF THE DATA SEGMENT. THE PCTR MUST BE
* DECREMENTED BY I+FLAGS$PCLOW. IF FLAGS$RARRAY=I# BLOCKPTR CONTAINS
* THE ADDRESS OF AN ARRAY WHICH SHOULD BE FREED. THEN THE APL PROCESSOR
* IS READY TO STOP. TRAPS WHICH SHOULDN'T DECR~MENT THE PCTR (STEPTRAP
* AND CALLTRAP) CAN BE HANDLED BY ENTERI~G THROUGH TRAPI.

* SET T3 TO VALUE O~ LE~TMOST 3 BITS OF FLAGS (I.E. FLAGS$PCLOW).
TRAP: T3~FLAGS R8;

T3~T3 Rl; T3~T3 Rl; T3~T3 Rl; T3~T3 Rl; T3~T3 RIJ
* SET PCTR TO PCTR-CT3+1).

T3~T3 EOR -IJ
PCTR"PCTR+T3J

* STORE TRAP INFORMATION IN STATE AREA OF DATA SEGMENT.
TRAPlt MEMDATAL"TIJ MEMDATAR"T2J

WRITEG( TRAPINFO )J
* SET Tl TO STATUS CODE TO BE ISSUED BY STOP.

Tl~STATTRAPJ

GO TO STOP IF FLAGS$RARRAY=0J
* RELEASE THE WOULD-BE RESULT ARRAY# A~TER CLEARING FLAGS$RARRAY
* TO MAKE A "TRAP LOOP" TOTALLY IMPOSSIBLE).

READGC BLOCKPTR )J
CLEARFLAG< RARRAYB )J
FRp ..MEMDATAL PAUSE;
CALL FREE;

* seT FLAGS$RARRAY TO 1 AGAIN (TO HELP DEBUGGING) AND STOP.
SETFLAG( RARRAYB )J
GOTO STOPJ

•



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

STLERR:

** .'. (iERR"

STG£RR:

T2~2J GOTO STSCCLASSJ

T2~3; GOTO STSCCLASS;

c

** "STKUFERR" ~

STSTKUrERR:T2~*GOTO STSCCLASSJ

STSCCLASS: MEMDATAL~3; MEMDATAR~T2;

WRITEG( TRAPINFO );
* SET Tl TO STATUS CODE FOR STOPSTOP.

Tl~STATTRAPJ

* GOTO STOPSTOPJ



c ** THE APL PROCESSOR RECEIVED A COMMAND WHILE RUNNING .. 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."

STOPPED:

*
IOSTATUS~FFSARSTBJ IOSTATUS~0J

c

READe APLCOMWD )J
* COMMANDS ARE 0 FOR STOP .. 1 FOR START.
* SET Tl TO STATUS TO BE RETURNED:
* STATWHOOPS FOR "WHOOPS .. STARTED WHILE RUNNING"
* STATOK FOR "OK.. STOPPED"

WAITREAD.J
Tl~STATOKJ

GOTO STOP IF MEMDATAR$15=0J
Tl ~STATWHOOPSJ

*60TO STOPJ

.. - ..... -



c' *
* THE PROCESSOR IS TO STOP. TI SHOULD CONTAIN A STATUS CODE TO BE
* ISSUED. STORE PCTR IN THE CURRENT STACK FRAMEJ STORE LTOP# LBASE#
* AND rLAGS IN THE STATE AREA Or THE DATA SEGMENT.

STOP:

*

*

RMWL( LBASE PI )J
WAITREADJ
MEMDATAR·PCTRJ MEMDATAL~MEMDATAL ANDWRITEJ

MEMADDR~GFIRST+SBSP MR MWJ * RMWG< SSSP )
WAITREADJ
MEMDATAR~LTOPj MEMDATAL~MEMDATAL ANDWRITEJ

c

MEMDATAL~FLAGSj MEMDATAR~LBASE;

WRITEG( FLLB )J
* ISSUE STATUS CODE.
STOPSTOP: MEMDATAL~0; MEMDATAR~Tlj

WRITE( APLSTATWD );
IOSTATUS~rFASSET8; IOSTATus~e;

* E~TER IDLE STATE.
*60TO IDLE;



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

ID~: TEMP~IOSTATUSJ

GOTO IDLE I~ TEMP$FFSAREAD=0; * NO.COMMAND
* THE SIMPLE-TO-APL FLIpFLOP IS SET. RESET IT AND EXAMINE THE
* ASSOCIATED COMMAND WORD IN CENTRAL MEMORY.

IOSTATUS~FFSARST8J IOSTATUS~0;

* READ( APLCOMWD )J
* ONLY THE LOW ORDER BIT OF THE COMMAND WORD HAS MEANING:
* 0 => STOP~

* ; 1 => START •.
WAITREADJ
GOTO IDLE IF MEMDATAR$15=0; * ALREADY STOPPED

*60TO START;



FROM THESE QUANTITIES WE COMPUTE THE VALUES FOR THE BASE-BOUND
REGISTERS GFIRST~ GNLEN~ LFIRST~ AND LNLENI AND THE VALUE FOR LTOP.

THE CELLS APLDSEGWDI APLPSEG0WDI AND APLPSEGIWD CONTAIN THE
(BASE ADDRESSI LENGTH) OF THE DATA SEGMENTI PROCEDURE SEGMENTI AND
ALTERNATE PROCEDURE SEGMENTI RESPECTIVELY.

THE DATA SEGMENT CONTAINS: SOME STATE WORDSI THE GLOBAL VARIABLES~ AND
ARRAY STORAGE SPACE (COLLECTIVELY KNOWN AS THE "GLOBAL SEGMENT"
THROUGHOUT THE APL PROCESSOR); AND THE STACK (KNOWN AS THE "LOCAL
S~GMENT·i;·) •

i
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'
CELLI OR ALTERNATIVELY IS THE LENGTH OF THE IN-USE PART OF THE STACK.

** LOAD THEAPL PROCESSOR STATE AND BEGIN RUNNING.

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
START: READ( APLDSEGWD )J

* THE BASE OF THE DATA SEGMENT IS THE BASE OF THE GLOBAL SEGMENT.
GFIRST~MEMDATAL PAUSEJ
TEMP~MEMDATAR EOR -IJ * TEMP~-I-(DATA SEGMENT LEN)

* READ WORD OF DATA SEGMENT WITH SBASE~ SPTR.
READG( SBSP )J

* SET GNLEN TO -SBASE.
GNLEN~MEMDATAL EOR -1 PAUSEJ GNLEN~GNLEN+IJ

* SET LFIRST TO SBASE+(BASE OF DATA SEGMENT).
LFIRST~MEMDATAL+GFIRSTJ

* SET LNLEN TO -(LENGTH OF DATA SEGMENT - SBASE)
LNLEN~MEMDATAL+TEMP PI;

* SET LTOP TO SPTR.
LTOP~MEMDATAR;

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

READG( FLLB )J

FLAGS~MEMDATAL PAUSE;
LBASE~MEMDATAR;

** NOW WE MUST CHECK THAT GNLENI LNLEN~ LTOP~ AND LBASE ARE
* "REASONABLE". THE FaLLOWING CONDITIONS MUST BE SATISFIED:
* GLOBALOFFSET<=(-GNLEN)
* LBASE<LTOP«-LNLEN)

ZERO~GNLEN+(GLOBALOFFSET-I);

GOTO STGERR IF CARRYJ * GLOBALOFFSET>(-GNLEN)

*

*

TEMP~LTOP EOR -I;
ZERO~LBASE+TEMP PI;
GOTO STSTKUFERR IF CARRY; * LBASE>=LTOP

.. _-=-



ZERO ..LNLEN+LTOP;
GOTO STLERR IF CARRY;

** SET PFIRST~ PNLEN~ PBASE~ AND PCTR.
CALL LOADP;

* LTOP>=(-LNLEN)

(~--

** NORMALLY EXECUTION BEGINS AT CYCLEt. HOWEVER IF FLAGS$INTRPT=t~

* GENOP WAS INTERRUPTED AND SHOULD BE 'CONTINUED.
GOTO GOCONT IF FLAGS$INTRPT=t;
CLEARFLAG( PCLOWB+OPFLAGSB );
GOTO CYCLEt;



** i* L9ADP<)

** SETS PFIRST~ PNLEN~ PBASE~ AND PCTR USING THE INFORMATION IN THE
* CURRENT STACK FRAME.

** USES: T8~ T9~ MEMORY REGISTERS.

LOADP: READL( LBASE PI );
* SET T8 TO ADDRESS OF SELECTED PROCEDURE SEGMENT DESCRIPTOR~ EITHER
* ApLPSEG0WD OR APLPSEGIWD.

TS.-APLPSEG0WDJ
GOTO LPI IF MEMOATAL$PSEGSEL=0 PAUSE;
TS.-APLPSEGIWD;

* SET T9 TO FUNCTION NUMBER.
LPl: T9.-MEMDATAL AND rCNOSJ
* SET PCTR TO VALUE SAVED IN CURRENT STACK FRAME.

PCTR'-MEMDATARJ
* READ THE SELECTED PROCEDURE SEGMENT DESCRIPTOR.

READe T8 )J
* SET PFIRST~ PNLEN FROM THE DESCRIPTOR.

PFIRST.-MEMDATAL PAUSE;
PNLEN.-MEMDATAR EOR -1; PNLEN'-PNLEN+IJ

* SET PBASE FROM PROCEDURE,DIRECTORY[FCNOJ AND RETURN.
T9.-19+T9;
READTESTP< T9 );
PBASE'-MEMDATAL PAUSE ANDRETURNJ



*
** NEXTBYTE()
* SETS: TEMP = NEXT BYTE OF CODE.
* UPDATES: FLAGS$PCLOW~ PCTR.
* USES: MEMORY REGISTERS
* NOTE: NEXTBYTE() ASSUMES MEMDATA L#R HAVEN'T BEEN USED SINCE
* THE FETCH AT "CYCLE".

NEXTSYTE: FLAGS~FLAGS+PCB15BITJ

GOTO NBtX IF PCTR$14=lJ
GOTO NB01 IF PCTR$15=lJ

* FIRST BYTE.
NB00: TEMP~PCTR RIJ TEMP~TEMP R1J

TEMP~PBASE+TEMPJ

READTESTPC TEMP )J
PCTR~PCTR+l;

TEMP~MEMDATAL PAUSE R8 ANDRETURNJ
* SECOND BYTE.
NB01: TEMP~MEMDATAL AND RMASK8J

PCTR~PCTR+ZERO PI ANDRETURN;

*N81K:

* TtlIRD
N8t0:
* FOURTH
NB 1 t :

PCTR~PCTR+IJ

GOTO NBll IF PCTR$15=0J
BYTE.

TEMP~MEMDATAR R8 ANDRETURN;
BYTE.

TEMP~MEMDATAR AND RMASK8J
RETURN;

* 11+1=100 CBASE 2>



C', *
** NtXT2 ()
* SETS:
* UPDATES:
* USES:
* NOTE:

*

TEMP = THE NEXT 16 BITS (TWO BYTES) OF CODE
FLAGS$PCLOW# PCTR.
T8# T9=TEMPI MEMORY REGISTERS.
NEXT2() ASSUMES MEMDATA L#R HAVEN'T BEEN DISTURBED SINCE
THE FETCH AT "CYCLE".

* SECOND &
NT0,1 :

NEXT2 :

* FIRST &
NT00:

FLAGS~FLAGS+2*PCBI5BIT;

GOTO NTIX IF PCTR$14=lJ
GOTO NT01 IF PCTR$15=lJ

SECOND BYTES.
TEMP~PCTR RtJ TEMP~TEMP RtJ
TEMP~PBASE+TEMP;

READTESTP( TEMP )J
PCTR~PCTR+2J

TEMP~MEMDATAL PAUSE ANDRETURN;
THIRD BYTES.
PCTR~PCTR+2J

T8~MEMDATAL LB;
TEMP~MEMDATAR RBJ
TEMP~TB OR TEMP ANDRETURNJ

PCTR~PCTR+2J

GO TO NTlt IF PCTR$15=IJ
& FOURTH BYTES.

TEMP~MEMDATAR ANDRETURNJ
FIRST BYTES.
T8~MEMDATAR L8;
TEMP~PCTR RIJ TEMP~TEMP RIJ
TEMP~PBASE+TEMPJ

READTESTP( TEMP }J

TEMP~MEMDATAL PAUSE R8J
TEMP~T8 OR TEMP ANDRETURNJ

* THIRD
NTI0:
* FOURTH &
NTt! :

*
NT 1),<:

IC

c

.. __ t:_



*
** TOP2 ()* SETS: AL,AR,BL,BR = THE TOP TWO ELEMENTS OF THE STACK.
* USES: TEMP, MEMORY REGISTERS.
* ABNORMAL EXIT: STKUFERR IF LTOP<LBASE+3.

TOP2: TEMp ..LTOP-l ;
READL( TEMP )j

TEMP"LBASE+3;
TEMP"TEMP EOR -1;
ZERO"LTOP+TEMP PI;
GOTO STKUFERR IF NOCARRYJ
BL..MEMDATAL PAUSE;
BR .. MEMDATAR;

*GOTO TOP;

* LTOP<LBASE+3

* CALL TOP & RETURN

** TPP ()
* SETS: AL,AR AND MEMDATA L,R = THE TOP ELEMENT OF THE STACK.
* USES: TEMP, MEMORY REGISTERS.
* ABNORMAL EXIT: STKUFERR IF LTOP<LBASE+2.

c

TOP:

----

READLTOPJ
TEMp ..LBASE+2;
TEMP"TEMP EOR -1;
ZERO ..LTOP+TEMP PI;
GOTO STKUFERR IF NOCARRY;
AL..MEMDATAL PAUSE;
AR ..MEMDATAR ANDRETURNJ

* LTOP<LBASE+2



;' *
'- * i* DECRF'C()

* C~LL: READ( <DESCRIPTOR ADDRESS> )J
* CALL DECRFC;
* OR: FRP"<ARRAY ADDRESS>J
* CALL DECRFCFJ
* USES: TEMP~ FRP~ FRSIZE~ FRTl~ FRT2~ MEMORY REGISTERS
**
** fUNCTION DECRFC(X)J
** 1 IF X$TYPE=ARRAYTYPE DOJ
** X$ADDR.RFC"X$ADDR.RFC-IJ
** IF X$ADDR.RFC>0 DOJ
** FREE( X$ADDR )J
** ENDIF;
** ENDIFJ
** RETURN;
** ~NDFUNCJ

TEMP"MEMDATAL EOR ARYTYPEB PAUSE;
RETURN!r( TEMP$L#0 );
rRP ..MEMDATARJ
TESTGRMW( FRP PI );
TEMP"MEMDATAL-l PAUSE; * TEMP"(RErERENCE COUNT)-t
GOTO,DRFREE IF TEMP=0J
MEMDATAR ..MEMDATARJ * UPDATE ARRAY.RFC &
MEMDATAL~TEMP ANDWRITE ANDRETURNJ* RETURN

c

i
f

DEC~FC:

DECRFCF:

*DRFREE: MEMDATAL~ANDWRITEJ
GOTO FREE; \

.1 [\~ (" \<C

* FINISH RMW CYCLE
* CALL FREE & RETURN



C' * PROCESSOR MAIN LOOP

c

**
** WHILE TRUE DO;
** FIRSTBYTE~NEXTBYTEC);

** If fIRSTBYTE$OPC80=0 DOl
** If FIRSTBYTE$OPC81=0 DO,;
** SHORTLOCALC)
** ELSE DO;
** IF' F'IRSTBYTE$OPCB2=0 DO;
** LONGLOCGLOB(),;
** ELSE DO,;
** MEMREF()
** ENDIF';
** ENDIF',;
** ELSE DO;
** IF FIRSTBYTE$OPCBl=0 DO,;
** If fIRSTBYTE$OPC82=0 DO,;
** IF FIRSTBYTE$OPCB3=0 DO,;
** GENSCALAR()';
** ELSE DO;
** INDEX(),;
** ENDlf,;
** ELSE DO,;
** SHORTCONSTC),;
** ENDIF'J
** ELSE DO;
** ETC();
** ENDlr,;
** ENDIF',;
** ENDWHILEJ

••• 00SSSSSS

••• 010XLLLL LLLLLLLL

••• 011XMMMM <LOC OR GLB SYL>

• •• 1000MMMM

••• 1001MMMM

••• 101NNNNN NNNNNNNN

••• 11SSSSSS [ ••• ]



** 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 NEXTBYTE() IN THE MAIN LOOP IS CODED OPEN~ AND OF COURSE
* MUST ALWAYS FETCH THE CURRENT INSTRUCTION WORD.

* SET EACH OF THE "'TEMPORARY" FLAG BITS TO ZERO.
CYCLE: CLEARFLAG< PCLOWB+OPFLAGSB )J

* GENERATE A STEP TRAP IF THE STEP MOOg BIT IS SET.
GOTO STEPTRAP IF FLAGS$STEP=tJ

* STOP THE PROCESSOR IF AN EXTERNAL COMMAND HAS ARRIVED.
CYCLEt: TEMP~IOSTATUS';

GOTO STOPPED IF TEMP$FFSAREAD=tJ
* FETCH THE CURRENT INSTRUCTION WORD.

TEMP~PCTR RIJ TEMP~TEMP Rl"J
TEMP~PBASE+TEMPJ

READe PFIRST+TEMP )J * READP< TEMP)
* INCREMENT THE peTRe

PCTR ~PCTR+ t J
* T~ST THAT TEMP CONTAINS A VALID PROCEDURE SEGMENT ADDRESS.

ZERO~PNLEN+TEMPJ

GOTO PERR IF CARRYJ
* NOW DISPATCH ON THE BOTTOM 2 BITS OF PCTR~ WHICH HAS BEEN INCREMENTED.

GOTO FBIX IF PCTR$14=t,; * BITS WERE 01 OR 10

*
* FOURTH
FB0~:

GOTO FBtl IF PCTR$t5=1; * BITS WERE 10
BYTE.

FI~STBYTE~MEMDATAL AND RMASK8 PAUSEJ
GOTO DECODE;

BYTE.
WAITREADJ
FIRSTBYTE~MEMDATAR R8J

*GOTO DECODE;
GOTO OPC1XXX IF FIRSTBYTE$OPCB0=lJ
GOTO OPC01XX IF FIRSTBYTE$OPCBl=l;

*GOTO SHORTLOCALJ

* FJRST
FB0.:

*F81l<:
* S~COND

F810:

* THIRD
FBlt:

DECODE:

---j

GOTO FB01 IF PCTR$15=lJ
BYTE.

WAITREADJ
FIRST8YTE~MEMDATAR AND RMASK8J
GOTO DECODE,;

BYTE.
FIRSTBYTE~MEMDATAL PAUSE R8J
GOTO DECODE;

* BITS WERE 00



**** OPCODE SHORTLOCAL;
** STACKIT( LSEG~ LBASE+FIRSTBYTE$SHORTOFrSET-64 )
** ENDOP;

SHORTLOCAL:ADDRESS~FIRSTBYTE OR MASK(0~OPCBl);* SIGN EXTEND
LOCAL: ADDRESS~LBASE+ADDRESSJ

SEG~LSEGJ

**** fUNOTION STACKIT( SEG# ADDRESS )J
** LTOP~LTOP+l;

** LSEG[LTOPJ~SEG[ADDRESSJJ

** INCRFC();
** RETURN;
** [NDFUNC;

STACKIT: CALL CEA; * MEMDATA~SEG[ADDRESS]

TESTNOTEQUAL< MEMDATAL# UNDF'TYPEB~ VALUEERROR );
AL~MEMDATALJ AR~MEMDATAR;

INCLTOP;
MEMDATAL~ALJ MEMDATAR~AR;

WRITELTOP; * LSEG[LTOPJ~MEMDATA

*GOTO INCRFCJ * CALL INCRFC & GOTO CYCLE

c
**
** FUNCTION INCRFC()
** IF LSEG[LTOP]$TYPE=ARRAYTYPE DO;
** LSEG[LTOP]$ADDR.RFC~LSEG[LTOP]$ADDR.RFC+l;

** ENDIF;
** f RETURN;
** f:NDFUNC;

I NCRFC: TESTEQUAL( AL~ ARYTYPEB~ CYCLE )J

TESTGRMW( AR PI )J * MODIFY 2ND HEADER WORD
WAITREAD;
MEMDATAR~MEMDATARJ

MEMDATAL~MEMDATAL+l ANDWRITE;
GOTO CYCLE;



GOTO MEMREF IF FIRSTBYTE$OPCB2=1;

OPCODE LONGLOCGLOBJ
, ADDRESS~(FIRSTBYTE LSH 8 OR NEXTBYTE(»$LONGOFrSET;

IF FIRSTBYTE$OPCB3=O DOJ
STACKIT( LSEG, L8ASE+ADDRESS-4096 )J

ELSE DO;
STACKIT( GSEG, ADDRESS )J

ENDIF;
RETURN;

f;NDOPJ

*OPC01XX:

**
**
**
**
**
**
**
**
**
**

, ..

,,~--

i

LONGLOCGLOB:CALL NEXTBYTEJ * TEMP~NEXTBYTE()

ADDRESS~FIRST8YTE L8;
ADDRESS~ADDRESS OR TEMP;
GOTO LONGGLOBAL IF FIRSTBYTE$OPCB3=lJ

LONGLOCAL: ADDRESS~ADDRESS OR MASK(0,3)J * SIGN EXTEND LOCAL ADDRESS
GOTO LOCALJ

LONGGL08AL:ADDRESS~ADDRESS AND RMASK12J
SEG~GSEGJ

GOTO STACKIT;

•



c

(-

\,.

**
**
**
**
**
**
**
**
**
**
**
**
****
**
**
****
**
**
**
**
**
**
**
**
****
**
**
**
**
**
**
****
**

OPCODE MEHREF';
DECLARE DCBYTEI DCOPC;
DCBYTE~NEXTBYTE();

oCOPC~DCBYTE$OPCODEJ

IF' DGOPC<4 DO;
SEG~LSEGJ ADDRESS~L8ASE+DCBYTE$SHORTOFFSET-64J

ELSE IF DCOPC=4 DO;
SEG~LSEGJ

ADDRESS~LBASE+(DCBYTE LSH 8 OR NEXTBYTE(»$LONGOFFSET-4096J
ELSE IF DCOPC=5 DO.;

SEG~GSEG; ADDRESS~DCBYTE LSH 8 OR NEXTBYTE()$LON60FFSET;
ELSE DO.;

GOTO MRSYLERR.;
ENDIF.;
IF' FIRSTBYTE$OPCB3=0 DO;

ASSIGNIDX(); * 0110 MMMM
ELSE DO;

IF FIRSTBYTE$OPCB4=0 DO;
i

IF FIRSTBYTE$OPCB5=0 DO;
~ IF FIRSTBYTE$OPCB6=0 DO;

ASSIGN(); * 0111 000X
ELSE DO;

)F F'IRSTBYTE$OPCB7=0 DO;
REFERENCEC); * 0111 0010

ELSE DO;
TESTDEr(); * 0111 0011

ENDlr;
END IF';

ELSE'DO;
MRUNDERR(); * 0111 01XX

END IF;
ELSE DO;

MRUNDERR ( ); * 01 11 1XXX
ENDIF;

RETURN;
~NDOP;

nn' •



MEMREF: CALL NEXTBYTEJ * TEMp·NEXTBYTE()
GOTO MRSYLERR IF TEMP$OPCB0=1; * ADDR. OPCODES ARE 00XX~010X

GOTO MRLONG IF TEMP$OPCB1=IJ
* SHORT LOCAL = 00XX

ADDRESS.TEMP OR MASK(0~OPCB1)J * SIGN EXTEND
MRLOCAL: SEG·LSEG;

ADDRESS·LBASE+ADDRESS;
LINK.MRDCDED; GOTO CEA; * CALL CEA & GOTO MRDCDED

*MRLONG: GOTO MRSYLERR IF TEMP$OPCB2=t;
ADDRESS·TEMP L8;
CALL NEXTBYTE; * TEMp.NEXTBYTE()
ADDRESS.ADDRESS OR TEMPJ
GOTO MRGLOBAL IF ADDRESS$3=1;

* LONG LOCAL = 0100
ADDRESS.ADDRESS OR MASK(0~3); * SIGN EXTEND
GOTO MRLOCALJ

* LQNG GLOBAL = 0101
MRGdOBAL: ADDRESS.ADDRESS AND RMASK12;

SEG·GSEGJ
CALL CEAJ * MEMDATA·GSEG[ADDRESSJ

*MRDCDED: GOTO MRSWITCH IF FIRSTBYTE$OPCB3=IJ

**** SUBOP ASSIGNIDXJ

* POP SUBSCRIPTS

AND RMASK4; * EXPECTED RANK FOR INDEXER()
* SETS AR TO ARRAY ADDREsS
* FOR INDEXER()
* ADDRESS OF FIRST SUBSCRIPT
* SETS T3 TO ADDR OF ELEMENT

ASSIGNIDX: FIRSTBYTE·FIRSTBYTE
CALL ACOPY;
Tl·AR;
T2 ..LTOPJ
CALL INDEXERJ

* FETCH THE VALUE TO BE ASSIGNED.
* IF AN "ASSIGN RAVELED" INSTRUCTION IS AODED~ IT SHOULD END WITH
* A TRANSFER TO HERE:
AIY~ READL( T2 )J

TEMP"LBASE+2J TEMP"TEMP EOR -1; ZERO.. T2+TEMP PI;
GOTO STKUFERR IF NOCARRYJ

* DISPATCH ON TYPE OF THIS VALUE.
TEMp·MEMDATAL AND SCATYPEB PAUSE;
GOTO AISCA IF TEMP#0;
GOTO RANKERROR IF MEMDATAL$ARYTYPE=IJ
GOTO WHATERR;

* PERFORM THE ASSIGNMENT.
AlSeA: MEMDATAL..MEMDATALJ MEMDATAR ..MEMDATAR;

TESTGWRITE( 13 );
LTOP"T2J
GOTO CYCLE;



* READ 2ND HEADER WORD

* READ 1ST HEADER WORD

* CALL DECRFCF(FRP) &
* RETURN

-- ENSURE THAT THE VALUE OF A GIVEN VARIABLE IS AN ARRAY
WITH REFERENCE COUNT OF ONE.

CALL CEAJ * SETS Tl=SEG, T2=ADDRESS, MEMDATA L,R
CALL ACOPY •
AR CONTAINS THE ADDRESS OF THE ARRAY WHICH IS (NOW) THE

VALUE OF THE VARIABLE AT SEG(ADDRESSJ.
EVERYTHING, EXCEPT T0=FIRSTBYTE.

ACLOOP:

* CHECK THAT THE VALUE OF THE VARIABLE IS AN ARRAY.'
ACOpy: TEMp ...MEMDATAL AND SCATYPEB.; .. T" (1f..~"PdYiLlv~Tt,i.'f ::-"J­

GOTO RANKERR OR IF' TEMPI0; 4" C,I'YIO \lA\,,'.1 C(J:\'~c\fl

GOTO WHATERR IF' MEMDATAL$ARYTYPE=0.;
* IF THE REFERENCE COUNT IS ONE, JUST RETURN A POINTER TO THIS ARRAY.

AR ...MEMDATARJ
READTESTG( AR PI );
TEMp ...MEMDATAL EOR I PAUSE;
RETURNIF( TEMP=0 );

* THE REF'ERENCE COUNT IS NOT ONE. COpy THE ARRAY.
MKNELTS ... MEMDATARJ
READTESTG( AR )J
AL ...LINKJ
MKRANK ... MEMDATAL AND RANKS PAUSE;
CALL MAKE; * MKP ... MAKE(MKRANK,MKNELTS)
LINK ...AL;

* WRITE A DESCRIPTOR FOR THE NEW ARRAY AT SEG[ADDRESSJ.
MEMDATAL"'ARYTYPEBJ MEMDATAR ... MKP; .,
GOTO ACGLO IF' SEG$15=GSEG;
WRITEL( ADDRESS )J GOTO ACYJ
WRITEG( ADDRESS }J
SHAPE AND RAVEL WORDS FROM THE OLD ARRAY TO THE NEW ONE.
NELTS ... MKNELTS+MKRANK;
BPTR"'AR+SHAPEOFFSET;
RPTR ...MKP+SHAPEOF'F'SET;
READTESTG( BPTR )J BPTR"'BPTR+l;
TEMP"'MEMOATAL PAUSE;

MEMDATAL"'TEMPJ
MEMDATAR ... MEMDATAR.;

WRITEG( RPTR ); RPTR"'RPTR+IJ
NELTS ... NELTS-I J
GOTO ACLOOP' IF NELTS#0J

* RETURN POINTER FOR NEW ARRAY.
F'RP"'ARJ
AR ...MKPJ
GOTO DECRFCF'J

ACLOC:
ACGLO:
* COpy THE
ACY:

,----

*(

\
*
* ACOPY( )

*
* CALL:

*
* RETURN:

*
* USES:

r
\

tm



*MRSWITCH: GOTO MRUNDERR IF FIRSTBYTE$OPCB4=lJ
GOTO MRUNDERR IF FIRSTBYTE$OPCB5=lJ
GOTO MRS001X IF FIRSTBYTE$OPCB6=lJ

**
** SUBDP ASSIGN;
** DECRFC( SEG[ADDRESSJ ) IF SEG[ADDRESSJ$TYPE=ARRAYTYPE;
** SEG[ADDRESSJ~LSEG[LTOPJ;

** IF FIRSTBYTE$OPC87=0 DO; * ASSIGN PROPER
** INCRFCC);
** ELSE DO; * ASSIGN~ NO RESULT
** LTOP~LTOP-l;

** ENDIFJ
** I RETURN;

ASSIGN: CALL DECRFC;
CALL TOP; * AL~AR ~ LSEG[LTOPJ
MEMDATAL~ALJ MEMDATAR~AR;

GOTO ASGLOBAL IF SEG$15=GSEGJ
ASLOCAL: WRITEL( ADDRESS )J

GOTO ASY;
ASGLOBAL: WRITEG( ADDRESS )J
ASY: GOTO INCRFC IF FIRSTBYTE$OPCB7=0; * ASSIGN PROPER ELSE NO RES

LTOP~LTOP-l; * DECREMENT STACK POINTER
GOTO CYCLE;

*MRS00ix: GOTO TESTDEF IF FIRSTBYTE$OPCB7=IJ

** MAKE A REFERENCE DESCRIPTOR FOR @SEG[ADDRESSJ.

REFERENCE: INCLTOPJ
TEMP~SEG AND RMASKIJ
MEMDATAL~TEMP OR REFTYPEBJ
MEMDATAR~ADDRESS;

GOTO WLCYCLEJ

* EXTRACT SEG BIT

* WRITELTOP & GOTO CYCLE

** TEST WHETHER THE VALUE OF SEG[ADDRESSJ IS DEFINED OR UNDEFINED.

TESTDEF: INCLTOPJ
MEMDATAL~INTTYPEB;

MEMDATAR~lJ

* RECALL MEMDATAL IS A DOUBLE-SIDED REGISTER.
TESTEQUAL( MEMDATAL~ UNDFTYPEB~ WLCYCLE )J
MEMDATAR~0; * UNDEFINED
GOTO WLCYCLEJ



t

PAUSE,;
* ""D I RECT'" TYPE
* REF TO A REF (SEE BELOW)

** SEG$REFTYPE~l (SEE ABOVE)

GOTO CEAG IF SEG$15=GSEGJ
READTESTL( ADDRESS ); GOTO CEAYJ
READTESTG( ADDRESS )J

TEMP~MEMDATAL EOR REFTYPEB
RETURNIF( TEMP$L#0 );
GOTO REFERR IF SEG$REFTYPE#0J
ADDRESS~MEMDATAR;

SEG~MEMDATALJ

GOTO CEA;

COMPUTE EFFECTIVE ADDRESS.
ADDRESS~SEGMENT-RELATIVE ADDRESS OF A VARIABLE;
SEG~LSEG IF LOCAL ELSE GSEG IF GLOBALJ

( CALL CEA,;
MEMDATA TO THE CONTENTS OF THE ADDRESSED VARIABLE;
ADDRESS~SEG$15 TO THE EFFECTIVE ADDRESS~SEGMENTJ

SEG$REFTYPE TO THE NUMBER OF INDIRECTIONS REQUIRED «2).
TEMP~ MEMORY REGISTERS.

*(~

* !
" ..... ~,-

* CtA< )

* CALL:

*
*
* SETS:

*
*
* USES:

CEA:
CEAL:
CEAG:
CEAY:

c



* I* G~NSCALAR = 1000MMMM.

* M IS THE OPERATOR NUMBER~ AN INDEX IN GSTAB. FIRST COME THE
* MONADIC OPERATORS~ THEN THE DYADIC OPERATORS. NON-SCALAR
* OPERANDS CAUSE ELEMENT-BY-ELEMENT REPETITION'''OF THE GIVEN SCALAR
* OPERATION.

1

DC pSTAB ... *J
* MONADIC OPERATORS:
DC ~DOPNO ... *-GSTABJ

~ DATA IDENTITYJ
DATA NEGATIVEJ
DATA FLOORJ
DATA CEILING;
DATA MAGNITUDE;
DATA NOT;

* THE FOLLOWING MONADIC OPERATORS ACCEPT CHARACTER OR NUMERIC
* OPERANDS.
DC ~SCHMONOPN ... *-GSTABJ

DATA TESTNUMJ
DATA CONVERT;

* DYADIC OPERATORS:
DC GSDYOPN ... *-GSTABJ

DATA SUMJ
DATA DIFFERENCE;
DATA PRODUCTJ
DATA QUOTIENTJ
DATA BAND;
DATA BQR;
DATA LESS,;

* T~E NEXT OPERATOR ("EQUAL") IS THE ONLY DYADIC ONE ACCEPTING
* CHARACTER OPERANDS~ ALTHOUGH MORE COULD BE ADDED FOLLOWING IT.
DC GSCHDYOPN ... *-GSTAB; •

DATA EQUAL;
* THERE ARE NO MORE SCALAR OPERATORS.
DC GSUNDOPN ... *-GSTABJ
* IMPORTANT:
* THE·VALUE "GSUNDOPN" MUST BE NOT GREATER THAN 16.

*DC IGOPNO ... *-GSTAB;
DATA IGELT,;

DC GOUNDOPN ... *-GSTABJ
DATA' GOUNDERRJ

*
OPCIXXX: GOTO ETC IF FIRSTBYTE$OPCBt=lJ * OPCDDE 11--

GOTD SHORTCONST IF' FIRSTBYTE$OPCB2=1,; * OPCODE 10r~

GOTO INDEX IF F'IRSTBYTE$OPCB3=lJ * OPCODE 1001'
*GOTO GENSCALAR; * OPCODE 1000



** BtGIN GENSCALAR.

* APTR~ARRAY ADDRESS

* LINK~ OPe ROUTINE ADDRESS

GSTOP:

GOTO GSSCASCA IF FLAGS$MONOP=lJ * NO SECOND OPERAND
TEMP~BL AND NUMTYPEBJ
GOTO GSSCASCA IF TEMP#0;
GOTO GSSCAARR IF BL$ARYTYPE=t;
GOTO WHATERR IF BL$CHTYPE=0;

* SECOND OPERAND IS A SCALAR CHARACTER.
GOTO TYPEERROR IF FLAGS$NUMOP=l;

* BOTH OPERANDS ARE SCALAR.
6SSCASCA: SETFLAG< ASCALARB+SSCALARB )J

LINK~OPNO+GSTA8J

LINK~ZERO LOAD 0;
OPRET~GOOPRETJ

GOTO 0 IXJ
* OPERANDS ARE SCALAR~ARRAY.

GSSCAARR: SETFLAG< ASCALARB )J
APTR~BRJ

GSONEARR: READTESTG< APTR )J
MKRANK~MEMDATAL AND RANKS PAUSEJ* MKRANK~RANK OF ARRAY
GOTO GSALLOC;

** FIRST OPERAND IS ARRAY. DISPATCH ON TYPE OF SECOND OPERAND (IF ANY).
GSARRXXX: GOTO GSARRSCA·IF FLAGS$MONOP=lJ

TEMP~BL AND SCATYPEB;
GOTO GSARRSCA IF TEMP'0J

* OPNO=fIRSTBYTE GETS OPERATOR NUMBER.
GENSCALAR: OPNO~FIRSTBYTE AND RMASK4J
* THE OPERAND FLAG BITS WILL BE SET FOR GENOP.
* OPERATOR IS MONADIC IF ITS NUMBER IS LESS THAN GSDYOPN.

TESTLESS< OPNO~ GSDYOPN~ GSTESTDY )J

* MONADIC OPERATOR. FETCH ITS OPERAND.
SETFLAG( MONOPB )J
TESTLESS< OPNO~ GSCHMONOPN~ GSTOP )J

SETFLAG< NUMOpB )J

LINK~GSDISPA; * CALL TOP &
GOTO TOPJ * GOTO GSDISPA

* OPERATOR IS DYADIC IF ITS NUMBER IS LESS THAN GSUNDOPN.
GSTESTDY: TESTLESS< OPNO~ GSUNDOPN~ GSUNDERR );
* DYADIC OPERATOR. FETCH ITS OPERANDS.

TESTLESS< OPNO~ GSCHDYOPN~ GSTOP2 )J
SETFLAG< NUMOPB )J

GSTQP2: CALL TOP2J
* DISPATCH ON TYPE OF fIRST (OR ONLY> OPERAND.
GSDISPA: TEMP~AL AND NUMTYPEBJ

GOTO GSSCAXXX IF TEMP#0J
GOTO GSARRXXX IF AL$ARYTYPE=lJ
GO TO WHATERR IF AL$CHTYPE=0;

* FIRST OPERAND IS A SCALAR CHARACTER.
GOTO TYPEERROR IF FLAGS$NUMOP=lJ

* FIRST OPERAND IS SCALAR. DISPATCH ON TYPE OF SECOND OPERAND <IF
* ANY>.
GSSCAXXX:

-----



GOTO GSARRARR IF BL$ARYTYPE=lJ
GOTO WHATERRJ

* OPERANDS ARE ARRAY~SCALAR.

GSARRSCA: SETFLAG( BSCALARB )J
APTR ..AR;
GOTO GSONEARRJ

* BOTH OPERANDS ARE ARRAYS.
GSA~RARR: READTESTG( AR )J

MKRANK ..MEMDATAL AND RANKB PAUSE; * MKRANK..A.RANK
READTESTG( BR )J

* COMPARE RANKS OF A AND B.
GSCHKRANK: TEMp ..MEMDATAL AND RANKS PAUSEJ * TEMP"S.RANK

TEMP"TEMP EOR -IJ
Tl ..MKRANK+TEMPPlJ * Tl ..A.RANK-B.RANK
GOTO GSDIFRANK IF Tl#0J

* A.RANK=B.RANK=N~ SAY. IS A.SHAPE[Il=B.SHAPE[Il FOR I<=I<=N ?
T7 ..MKRANKJ * T7 .. N
TS ..AR+SHAPEOFFSETJ * T8 ..@A.SHAPE[11
T9"SR+SHAPEOFFSETJ * T9"@B~SHAPE[11

GSCHKSHP: READTESTG~ T8 )J * READ A.SHAPE[IJ
TS"T8+1J
WAITREADJ
T6 ..MEMDATAR; * NOTE MEMDATAL=INTTYPEB
READTESTG( T9 ); * READ B.SHAPE[IJ
T9"T9+1J
WAITREAOJ
T6 ..MEMDATAR EOR T6;
GOTO GSDIFLEN IF T610; * A.SHAPE[IJ#B.SHAPE[IJ
T7"T7-1.;
GOTO GSCHKSHP IF T7#0;

* SHAPES ARE EQUAL.
APTR ..ARJ

* C~EATE A NEW ARRAY SLOCK (TO HOLD RESULT) WITH THE SAME SHAPE AS
* THE ARRAY POINTED TO BY APTR.
GSALLOC: READTESTG( APTR PI )J * READ 2ND HEADER WORD

WAITREADJ
MKNELTS .. HEMDATAR; * NUMBER OF ELEMENTS

* THE ROUTINE MAKE() 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 MAKEJ * MKp ..MAKE(MKRANK~ MKNELTS)
SETFLAG( RARRAYB );

* FILL IN THE SHAPE WORDS OF THE NEW ARRAY.
COUNTER ..MKRANKJ * RANK
TS ..APTR+SHAPEOFFSETJ * TS ..@A.SHAPE[lJ
TEMp ..MKRANK+SHAPEOFFSET.;
APTR ..AR+TEMP;
BPTR"SR+TEMPJ
RPTR ..MKP+SHAPEOFFSET; * RPTR"@RESULT.SHAPE[lJ
LINK"GSCOPSHPJ

GSCOPSHP: READTESTG( T8 );
TEMp ..MEMDATAL PAUSE;

MEMDATAL"TEMPJ
MEMDATAR"MEMOATARJ



WRITEG( RPTR ),;
f-- T8~T8+1;

\ RPTR~RPTR+ZERO PI D JJ
* NOW OPNO, NELTS=MKNELTS, APTR, BPTR, AND RPTR ARE INITIALIZED
* rOR GENOP. APPLY THE OPERATOR ELEMENT-BY-ELEMENT TO ITS OPERAND(S>.

GOTO GENOP,;

* CALL PEEL(rRP~ Tl) &
* GOTO GENSCALAR··

* T2~A.NELTS-l

* READ' "2ND HEADER WORD OF' B

* T3~B.NELTS-l

* A.NElTS=1 "-
* ONLY B HAS 1 ELEMENT
* RANK ERROR OR LENGtHERROR

* B.RANK<=A.RANK
RESTART' "GENSCALf:\R.

* ARRAY TO PE~L

* PLACE FOR RESULT
* CALL PEEL(FRP, Tl) &
* GOTO GENSCALAR"
SAVES rIRSTBYTE.)

*
* OPERANDS ARE ARRAYS WITH DIFFERENT RANKS.
GSDIFRANK: LINK~RANKERROR;

GOTO GSCHKNELT,;
* OPERANDS ARE RANK-N ARRAYS (N)0) WITH DIFFERENT LENGTHS.
GSDIFLEN: LINK~LEN6THERROR;

* CHECK FOR A I-ELEMENT OPERAND. RECALL Tl=A.RANK-B.RANK.
GSCHKNELT: READTESTG( AR PI ),; * READ ~ND HEADER WORD OF A

WAITREAD,;
T2~MEMDATAR-l ,;
READTESTG( BR PI );
WAITREAD;
T3~MEMDATAR-l;

GOTO GSAISIELT IF T2=0;
GOTO GSPEELB IF T3=0,;
GOTO 0 IX,;

* A.NELTS=l. IS 8.NELTS=1 ALSO?
GSAISIELT: GOTO GSPEELA IF T3#0,; * ONLY A HAS 1 ELEMENT
* 80TH A AND 8 ARE I-ELEMENT ARRAYS. TREAT THE ONE WITH SMALLE:R RANK
* AS SCALAR.

GOTO GSPEELB IF Tl$0=0,;
* "PEEL" A <SET A~(RAVEL A)[IORGJ) AND
GSPEELA: rRP~AR';

Tl~LTOPJ

LINK~GENSCALARJ

GOTO PEEL,;
* "PEEL" 8 AND RESTART GENSCALAR. (PEEL()
GSPEELB: FRP~BR';

Tl~LTOP-l';

LINK~GENSCALARJ

GOTO PEEL,;



OPERANDS;
DRIVEN BY THE FOLLOWING BITS IN THE REGISTER "FLAGS":

NUMOP=l IFF THE OPERATOR WILL NOT ACCEPT CHARACTER
MONOP=! IFF THE OPERATOR IS MONADICJ
ASCALAR=t IFF THE FIRST (OR ONLY> OPERAND IS SCALAR;
BSCALAR=l IFF THE SECOND OPERAND <IF ANY) IS SCALAR;
RARRAY=l IFF THE RESULT IS AN ARRAY.

GOSCAB:
GOARR8:
GOWAIT8:

GOSCAA:
GOARRA:
GOW.AITA:

* ,* GENO? -- GENERALIZED OPERATOR APPLICATION.

*
*
*
*
*
*
*
** THE FOLLOWING REGISTERS SHOULD ALSO BE INITIALIZED BEFORE ENTERING
* GENa?
* NELTS = NUMBER OF ITERATIONS;
* APTR = CURSOR IN FIRST OPERAND, IF FLAGS$ASCALAR=0J
* BPTR = CURSOR IN SECOND OPERAND, IF FLAGS$BSCALAR=0J
* RPTR = CURSOR IN RESULT, IF FLAGS$RSCALAR=0J
* OPNO = INDEX OF OPERATOR TO BE ITERATIVELY APPLIED.
GEND?: GOTO GENOPFIN IF NELTS=0J
* CHECK FOR EXTERNAL COMMAND.

TEMP"IOSTATUSJ
GOTO GOINTRPT IF TEMP$FFSAREAD=lJ

* LOAD FIRST OPERAND FROM STACK OR ARRAY INTO AL,AR.
GOTO GOARRA IF FLAGS$ASCALAR=0J
READLTOPJ GO TO GOWAITAJ
READTESTG( APTR }J
NELTS ..NELTS-IJ
OPRET"GOOPRETJ
LINK"OPNO+GSTABJ LINK"ZERO LOAD 0J
AL ..MEMDATAL PAUSEJ AR"MEMDATARJ
GOTO GOA IF FLAGS$NUMOP=0J

* OPERATOR REQUIRES NUMERIC OPERANDS -- CHECK A.
TEMp ..AL AND NUMTYPEB;
GOTO TYPEERROR IF TEMP=0J

* APPLY THE OPERATOR NOW IF IT IS MONADIC.
GOA: GOTO 0 IF FLAGS$MONOP=l IXJ ..
* LOAD SECOND OPERAND FOR DYADIC OPERATOR INTO BL,BR.

GOTO GOARRB IF FLAGS$BSCALAR=0J
TEMP"LTOP-IJ READL( TEMP )J GOTO GOWAITBJ
READTESTGC BPTR )J
BL..MEMDATAL PAUSE; BR ..MEMDATARJ
GOTO 0 IF FLAGS$NUMOP=0 IXJ

* OPERATOR REQUIRES NUMERIC OPERANDS -- CHECK B.
TEMP"SL AND NUMTYPEBJ
GOTO 0 IF TEMPI0 IXJ
GOTO TYPEERRORJ

* T~E OPERATOR ROUTINE RETURNS HERE.
GOO?RET: MEMDATAL ..ALJ MEMDATAR ..ARi

GOTO GENOPFIN IF FLAGS$RARRAY=0;* RESULT IS SCALAR
TESTGWRITE( RPTR )J
APTR"APTR+IJ BPTR"BPTR+!J RPTR"RPTR+!J
GOTO GENOPJ

--- ....



c ** A COMMAND WAS RECEIVED IN THE MIDST OF GENERALIZED OPERATOR
* APPLICATION. SAVE THE REGISTERS NELTSI APTR, BPTRI RPTRI AND OPNO
* IN THE STATE AREA OF THE DATA SEGMENTJ SET FLAGSSINTRPT" TO 1, AND
* TRANSFER TO STOPPED. IF THIS PROCESS IS LATER RESTARTED, CONTROL WILL
* RETURN TO GOCONT BELOW.

GOINTRPT: MEMDATAL~NELTSJ MEMDATAR~OPNOJ

WRITEG( SAVENO );
*

MEMDATAL~APTR; MEMDATAR~BPTR;

WRITEG( SAVEAB );
*

MEMDATAL~RPTR; *MEMDATAR~ANYTHING;

W~ITEG( SAVERX };

* SETFLAG( INTRPTB );
GOTO STOPPEDJ

** CONTINUE PROCESS INTERRUPTED IN GENOP. CLEAR FLAGSSINTRPT AND
* RESTORE THE REGISTERS, THEN CHECK THAT OPNO<GOUNDOPN.

(

GOCONT:

*

*

*

*

CLEARFLAG( INTRPTB )J

READG( SAVENO );
NELTS~MEMDATAL PAUSE; OPNO~MEMDATARJ

READG( SAVEAB );
APTR~MEMDATAL PAUSE; BPTR~MEMDATARJ

READG( SAVERX )J
RPTR~MEMDATAL PAUSEJ

TESTLESS( OPNO, GOUNDOPN, GOUNDERR );
GOTO GENOP;



c *
** GENOPFIN MUST NOT BE CALLED WITH (FLAGS$)RARRAy=e UNLESS ASCALAR=l
* AND BSCALAR=t.
GENOPrIN: GOTO'GOFCHKB IF FLAGS$ASCALAR=lJ

READLTOP;
CALL DECRFC;

GOFCHKB: GOTO GOFSTK IF FLAGS$MONOP=l;
LTOP"LTOP-l,;
GOTO GOFSTK IF FLAGS$BSCALAR=t,;
READLTOP;
CALL DECRFC,;

GOFSTK: GOTO WLCYCLE IF FLAGS$RARRAY=0;
READG( BLOCKPTR ),;
MEMDATAR ..MEMDATAL PAUSE,; MEMDATAL"ARYTYPEBJ
GOTO WLCYCLEJ

c



I

************************************* MONADIC SCALAR OPERATOR ROUTINES *
************************************

***~*****
* r~OOR *
***~*****

(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).
COUNTER~ LINK~ AEXP~ ASIGN~ FTI.

[I

* (FLOOR A)=A IF A IS AN INTEGER.
FLOOR: GOTO IDENTITY IF AL$FLOTYPE=0J

*
*
*
*
** USES:

,
\
\

* NOTE SIGN = BIT 0

* 23<=AEXP

* FTl$COEFB23 IS STICKY BIT

MAGNITUDE rROM AL~AR.

* SHIFT AL~AR' "
* RI GHT'
* 8 PLACES

*
*

FFLOOP:

* UNPACK A.
* AEXP GETS (A$EXP-EXPBIAS).
FFLO: AEXP~AR AND EXPBJ AEXP~AEXP-EXPBIAS;

* IF AEXP>22 THEN A IS ALREADY "INTEGRAL"J JUST RETURN IT.
FTl~AEXP-(22+1)J

GOTO IDENTITY IF FTl$0=0J
ASIGN$SIGN GETS A$SIGN.

ASIGN~AL AND SIGNS;
AL~AR GET A$COEF.

AL~AL AND SIGNe; AR~AR AND Expe;
* IF AEXP<0 THEN RETURN 0 (IF A>0) OR -1 (IF A<0).

GOTO FFSHIFT IF AEXP$0=0J * 0<=A~XP

LINK~OPRET;

AL~ASIGN OR INTTYPEB;
ZERO~ASIGN Ll SO;
AR~ZERO SI Ll ANDRETURN;

* SHIFT AL~AR RIGHT (22-AEXP) PLACES THROUGH A STICKY BIT.
FFSHIFT: COUNTER~FTI EOR -1; * COUNTER~22-A~XP

GOTO FFPACK IF COUNTER$R=0; * AEXP=22
LINK~FFLOOP;

FTI~0;

rTl~FTl OR ARJ
AL~AL Rl SOJ AR~AR SI RI D J;

* IF ASIGN#0 THEN ADD STICKY SIT TO AL~AR (ROUND UP).
GOTO rFPACK IF ASIGN=0;
FTl~FTl AND COErB23BITJ
AR~AR+FTl; AL~AL+ZERO CIl

* RETURN INTEGER WITH SIGN FROM ASIGN~

FrPACK: FTl~AL L8J
AL~AL R8J
AR~AR RS; AR~FTI OR AR;
GOTa IPACK;

c

_.... ,.-



---_.._---,---

***1'*******
* CJ¥:ILING *
***'*******
* (CEILING A)=A IF A IS AN INTEGER.
CEILING: GOTO IDENTITY IF AL$FLOTYPE=0J
* (CEILING A)=-(FLOOR -A) IN ANY CASE.

AL~AL EOR SIGNSJ * OK SINCE AI0

*

*CEILNEG:

FT2~OPRETJ

OPRET~CE I LNE GJ
GOTO FFLOJ

OPRET~FT2';

*GOTO NEGATI VEl

* OPCALL(FFLO)
* (SA VES FT2)

* OPCALL(NEGATIVE) &
* RETURN

***,********
* N~GATIVE *
***;t:********
NEGATIVE: GOTO NEGANZ IF AL$FLOTYPE#0;

GOTO NEGANZ IF AL$R#0J
GOTO IDENTITY IF AR=0,; * (-0)=0

* A'0. TOGGLE A$SIGN.
NEGANZ: AL~AL EOR SIGNS,;

GOTO IDENTITY,;
I

***~********* ************* MAGNITUDE * ~ * IDENTITY *
************* ************
MAGNITUDE: AL~AL AND SIGNG,
IDENTITY: LINK~OPRETJ

RETURN,;

* CLEAR SIGN BIT

c

***~***
* NPT *
***,***

)

NOT: CALL TESTLOGAJ
AR~AR EOR IJ
GOTO IDENTITY,;

* ENSURE A IS INTEGER 0 OR 1
* 0 - > 1 ~ 1 - >0



***********
* Te:STNUM *
***~*******

I* RETURN 1 FOR NUMERIC OPERAND~ 0 FOR CHARACTER OPERAND.
TESTNUM: GOTO OPRETURNt IF ALSFLOTYPE=tl

GOTO OPRETURNI IF AL$INTTYPE=11
GOTO OPRETURN0 IF AL$CHTYPE=lJ
GOTO WHATERRl

************ CONVERT *\

***********
* CONVERT CHARACTER TO INTEGER~ INTEGER TO CHARACTER.
CONVERT: GOTO CNVAFLO IF ALSFLOTYPE=lJ

GOTO CNVAINT IF ALSINTTYPE=11
GOTO CNVACH IF ALSCHTYPE=11
GOTO WHATERRJ

* AIS FLOATING-POINT.
CNVAFLO: CALL 'FIXA1"'
* A IS (NOW> AN INTEGER.
CNVAINT: GOTO DOMAINERROR IF ALSSIGN#0J

GOTO DOMAINERROR IF ALSR#0J
GOTO DOMAINERROR IF ARSL#0J
AL ...CHTYPEBJ
GOTO IDENTITYJ

* A IS A CHARACTER.
CNVACH: AL"'INTTYPE81

GOTO IDENTITYJ



***~******************************** DYADIC SCALAR OPERATOR ROUTINES *
***********************************

*************** DlFFERENCE *
**************
* DrFFERENCE(A~0)=A.

DIF#ERENCE:GOTO DIFBNZ IF BL$FLOTYPE=I;
GOTO DIFBNZ IF BR#0;
Goro IDENTITY IF BL$R=0J * B=0

* DIFFERENCE(A~B)=SUM(A~-8).

DIFBNZ: BL~BL EOR SIGNB;" * B~-B

*60TO SUM;

***1"***
* SUM *
***~***

* PERFORM INTEGER ADDITION IF BOTH OPERANDS ARE INTEGERS.
SUM: FTl~AL OR BL;

GOTO SUMFLOAT IF FTl$FLOTYPE=t;
* INTEGER+INTEGER.
* UNPACK A AND B.'·
* ASIGN GETS A$SIGN; FTt GETS CA$SIGN EOR B$SIGN).

ASIGN~AL AND SIGNB;
FTt~AL EOR BLl

* AL~AR AND BL~BR GET A$MAG AND B$MAG RESPECTIVELY.
AL~AL AND RMASK8;
8L~BL AND RMASK8;

* TKE TREATMENT OF LIKE AND UNLIKE SIGNS DIVERGES HERE.
GOTO IASUB IF FTl$SIGN=t;

* ADD MAGNITUDES.
AR~AR+BR; AL~AL+BL CI;
GOTO IOF IF AL$8=1; * INTEGER OVERFLOW

* PACK ASIGN~AL~AR INTO INTEGER FORMAT AND RETURN.
IPACK: LINK~OPRET;

AL~AL OR INTTYPEBJ
AL~ASIGN OR AL ANDRETURN;

* SUBTRACT MAGNITUDES.
IASUB: BR~BR EOR ~1; AR~AR+BR PI;

BL~BL EOR ~1; AL~AL+BL CI;
GOTO IASUBNz IF ARI0l
GOTO OPRETURN0 IF AL=0; * RESULT IS ZERO

IASUBNZ: GOTO IPACK IF AL$0=0J
* RECOMPLEMENT -- B HAD THE LARGER MAGNITUDE.

AR~AR"EOR -1; AR~AR+ZERO PI;
AL~AL EaR ~1; AL~AL+ZERO eI;
ASIGN~ASIGN EOR SIGNS;
GOTO IPACK;

** AT LEAST ONE OF A~B IS FLOATING-POINT.

------



SUMFLOAT: GOTO SUMCHKB IF ALSFLOTYPE=t;
* A IS AN INTEGER.

CALLF CFLOATA.. OPRETURNB );
SUMCHKB: GOTO FADD IF BLSFLOTYPE=tj
* 8 IS AN INTEGER.

CALLFC'FLOATB .. IDENTITY);
*GOTO FADD;

* A IS FLOATING-POINT

• FLOATAC) FAILS IF A=0
* B IS FLOATING POINT-

* FLOATB() FAILS IF B=0

r
~--

** FLOATING-POINT ADDITION.
* U~ES: COUNTER, LINK .. BL.. BR .. ASIGN .. AEXP .. FTt .. FT2.

* UNPACK A AND B•
• , AEXP GETS A$EXP (STILL BIASED) AND FTt GETS (A$EXP-BSEXP).
FADD: AEXP~AR AND EXPB;

FTl~BR AND EXPB; FTl~FTl EOR -1; FTl~AEXP+FTI PI;
* IF ASEXP<BSEXP .. INTERCHANGE A.. B AND "RESTART.

GOTO FAUNpACK2 IF FTlS0=0;
FTl~AL; AL~8L; BL~FTIJ

FTl~ARJ AR~BRJ BR~FTl;

GOTO FADD;
* ASIGN (TENTATIVE RESULT SIGN) GETS ASSIGN AND FT2SSIGN GETS
* CASSIGN EOR BSSIGN).
FAUNPACK2: ASIGN~AL AND SIGNBJ

FT2 ..AL EOR BL;
* AL .. AR AND BL .. 8R (BITS t THROUGH 23) GET ASCOEF AND BSCOEF
* RESPECTIVELY~

AL~AL AND SIGNCJ AR~AR AND EXPC;
BL~BL AND SIGNCJ BR~BR AND EXPC;

* ALIGN THE RADIX POINTS OF THE COEFFICIENTS.
GOTO FAADDSUB IF FTI =0J *' 'POINTS ALREADY ALIGNED

* SHIFT BL .. BR CFTI) PLACES RIGHT THROUGH ROUNDI .. ROUND2 AND STICKY BITS.
COUNTER~FTIJ * FTl<256
LINK~FASHIFTl;

FASHIFTl: GOTO FASHIFT2 IF BRSSTICKY=0;
BR~BR OR STICKYB*2J * STICKY BIT STICKS

FASHIFT2: BL~BL RI SO; BR"BR SI Rl D J;
* TREATMENT OF LfKE AND UNLIKE SIGNS DIVERGES HERE.
FAADDSUB: GOTO FASUS IF FT2SSIGN=lJ
* ADD THE COEFFICIENTS OF A AND B.. THEN TEST FOR OVERFLOW (NO OTHER
* NORMALIZING IS NECESSARY).

AR~AR+8R; AL..AL+8L CI;
GOTO FROUND IF NOOVERFLOWJ

* COEFFICIENT OVERFLOW: SHIFT AL .. AR RIGHT 1 . PLACE (THROUGH ROUND AND
* STICKY BITS) AND INCREMENT AEXP.
FCO~FOF: AEXP~AEXP+IJ

FTl~AR AND STICKYBJ
AL~AL Rl SO; AR~AR 51 Rl;
AR ..AR OR FTI;
GOTO FROUNDJ

* ADD ASCOEF AND THE COMPLEMENT OF BSCOEF. A NEGATIVE RESULT REQUIRES
* RECOMPLEMENTATIONJ A SUM OF ZERO SHOULD 'BE DEtECTED BEFORE
* NORMALI ZI NG.
FASUS: 8R~BR EOR -1; AR~AR+BR PI;

BL~BL EOR ~1; AL~AL+BL ell



FTI~AL OR ARJ
GOTO OPRETURN0 IF FTl=0J * RESULT IS ZERO
GOTO FASNORM IF AL$0=0J * NO RECOMPLEMENTATION NEEDED
AR~AR EOR -I; AR~AR+ZERO PI;
AL~AL EOR ~tJ AL~AL+ZERO CIJ
ASIGN~ASIGN EOR SIGNBJ

* SHIFT AL~AR LEFT JUST ENOUGH PLACES SO AL$COEFSI=l~ AND DECREMENT
* AEXP BY THE NUMBER OF SHIFTS REQUIRED.
FASNORM: GOTO FROUND IF AL$COEFBt=l; ..
FASNORML: AEXP~AEXP-l;

AR~AR Ll SO; AL~AL SI LI;
GOTO FASNORML IF AL$COEFBl=0J

* ROUND THE COEFFICIENT IN AL~AR TO 23 BITS <COEFSl THROUGH COEFB23)
* USING ROUNDl~ ROUND2 AND STICKY:
* ROU~D DOWN (TRUNCATE> IF ROUNDt=0;
* ROUND TO NEAREST EVEN IF ROUNDl=l~ ROUND2=STICKY=0;
* ROUND UP (ADD 1) tF ROUNDl=1~ ROUND2=1 AND/OR STICKY=1.
FROUND: GOTO FPACK IF AR$ROUNDl=0J

*
FTl~AR AND (ROUND2B+STICKYB);
GOTO FROUNDUP IF rTI'0J

*

* EXPONENT UNDERFLOW;

* EXPONENT OVERFLOW

GOTO FEXPUF IF AEXP$0#0;
FTl~AEXP AND EXPC;
GO TO FEXPOF IF FT1'0J
LINK~OPRET;

AR~AR AND EXPC;
AR~AR OR AEXPJ
AL~ASIGN OR AL ANDRETURN;

GOTO FPACK IF AR$COEFB23=0;
* ROUND UP BY ADDING 1 IN COEFB23 AND CHECKING FOR COEFFICIENT OVERFLOW.
FROUNDUP: AR~AR+COEFB23BITJ AL~AL+ZERO CIJ

GOTO FPACK IF NOOVERFLOWJ
* COEFFICIENT ROUNDING OVERFLOW. NOTE AR=0 AND AL=100000B.

AL~040000B;

\ AEXP~AEXP+l;

* CHECK FOR EXPONENT (UNDER/OVER)FLOW AND PACK ASIGN~ALIAR~AEXP INTO
* AL~AR.

FPACK:

c



I

"

· ~

************ PRODUCT *
***********
* PERFORM INTEGER MULTIPLICATION IF BOTH OPERANDS ARE INTEGERS.
PRODUCT: FTl~AL OR BLl

GOTO PRODFLOAT IF FTl$FLOTYPE=lJ
* INTEGER*INTEGER.
* U[\fPACK A AND B."
* . ASIGN GETS (A$SIGN EOR B$SIGN).

ASIGN~AL EOR BLJ ASIGN~ASIGN AND SIGNS;
* AL~AR HOLD A$MAG (THE MULTIPLIER).
* BL~BR GET B$MAG (THE MULTIPLICAND).

BL~BL AND RMASK8J
* THE PRODUCT WILL BE DEVELOPED IN FTl~FT2~AL~AR. AS LOW-ORDER BITS
* OF THE MULTIPLIER SPILL FROM THE RIGHT END OF AR, LOW-O~DER BITS Or
* THE PRODUCT WILL SPILL INTO THE LEFT END OF AL.

FTl"0J FT2~0;

COUNTER~23;

LINK~IMLOOP;

AL~AL Rl so,; AR~AR SI Rl so; * INITIALIZE COND$SHIFT
IMLOOP: FT2~BR*FT2J FTl~BL*FTl CI Rl SO;

FT2~FT2 51 Rt so; AL~AL 51 Rl so; AR~AR 51 Rl SO D J;
* THE HIGH-ORDER 23 BITS OF THE 46-81T PRODUCT ARE IN FTl~FT2. THEY
* MUST BE ALL ZEROS.

FTl~FTl OR FT2J
GOTO IOF IF FTl#0J * INTEGER OVERFLOW

* SHIFT THE LOW-ORDER 23 BITS NINE PLACES RIGHT IN AL~AR.

AL~AL Rl SO,; AR~AR SI RIJ
FTl~AL L8,;
AL~AL R8;
AR~AR R8J AR~FTI OR ARJ
GOTO IPACKJ * PACK RESULT AND RETURN

** AT LEAST ONE OF A~B IS FLOATING-POINT.
PRODFLOAT: GOTO PRODCHKB IF AL$FLOTYPE=l;
* A .IS AN INTEGER.

CALLFC'FLOATA~ OPRETURN0 ),; * FLOATA() FAILS IF A=0
PRODCHKB: GOTO FMUL IF BL$FLOTYPE=t;
* B IS AN INTEGER.

CALLF('FLOATB~ OPRETURN0 )J * FLOATS() FAILS IF 8=0
*GOTO FMULJ



** FLOATING-POINT MULTIPLICATION.
* SETS: "AL"AR TO THE PRODUCT· ·OF. AL"AR AND 8L" BR.
* USES: COUNTER" LINK" BL" BR" ASIGN" AEXP" FTt; FT2.

* UNPACK A AND B.
* AEXP GETS (ASEXP+BSEXP-EXPBIAS).
FMUL: AEXP~AR AND EXPB;

FTl~BR AND EXPB; AEXP~AEXP+FTIJ AEXP~AEXP-EXPBIAS;

* ASIGN GETS (ASSIGN EOR BSSIGN).
ASIGN~AL EOR BL; ASIGN~ASIGN AND SIGNS;

* BL"BR GET BSCOEF RIGHT JUSTIFIED (MULTIPLIER FOR "*"
* MICRO-INTRUCTION).

FTl~BL L8.;···
BL"SL R8;
BR~BR R8J
BR~FTI OR BRJ

* FTI"FT2 GET ASCOEF (MULTIPLICAND).
FTl ..AL AND SIGNC; FT2 ..AR AND EXPCJ

* THE PRODUCT IS FORMED BY SUMMING 23 TERMS. ALL BUT THE LAST ADDITION
* IS PERFORMED IN THE FOLLOWING LOOP" WHICH··RIGHT SHIFTS THE SUM
* (KEPT IN AL"AR) 1 PLACE (THROUGH THE ROUND AND STICKY BITS) EACH TIME.

AL"0.; AR"QJ;
COUNTER"22J
LINK~FMLOOPJ

FMLOOP: BL"SL RI SO; BR..BR SI RI SO;
AR ..FT2*ARJ AL..FTl*AL CI RI SO;
GOTO FMSHIFTAR IF ARSSTICKY=0;
AR~AR OR STICKYB*2J

FMSHIFTAR: AR"AR SI RI D J;
* PERFORM LAST MULTIPLICATION STEP WITHOUT SHIFTING SUM.

BR~BR RI SO;
AR ..FT2*ARJ AL~FTl*AL eI;

* ROUND AND PACK THE RESULT IF NO COEFFICIENT OVERFLOW.
60TO FROUND IF NOOVERFLOW;
GOTO FCOEFOF; * RIGHT-SHIFT COEF 1 PLACE



c ***~********* Q\JOTIENT *
***~********

* ALL QUOTIENTS ARE FLOATING-POINT.
QUOTIENT: GOTO QUOCHK8 IF AL$FLOTYPE=I;

CALLF( FLOATA~ aPRETURN0 );
QUOCHK8: GOTO FDIV IFBL$FLOTYP[=l;

CALLF( FLOATBI DIV0ERR );
*GOTO FDIV;

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

c

** FLOATING-POINT DIVISION.
* SETS: ALlAR TO THE QUOTIENT OF ALlAR DIVIDED BY SLIBR (ASSUMED 10).
* USES: COUNTERI LINK~ BLI BR~ ASIGNI AEXP~ FTl~ FT2~

* UNPACK A AND B.
* ; AEXP GETS (A$EXP-B$EXP+EXPBIAS).
rDIV: FTl ..BR AND'"EXP8J FTl"FTI EOR -1;

AEXp ..AR AND EXP8l AEXP"AEXP+FTI PI; AEXp ..AEXP+EXPBIAS;
* ASIGN GETS (A$SIGN EOR B$SIGN).

ASIGN"AL EOR BLl ASIGN"ASIGN AND SIGNS;
* AL~AR GET ASCOEF (DIVIDEND).

AL ..AL AND SIGNC; AR ..AR AND EXPC;
* BL~8R GET THE 1 's COMPLEMENT OF S$COEF (DIVISOR).

BL"SL AND-SIGNC; BR"SR AND EXPCl
BL..BL EOR -1; BR"SR EOR -1;

* THE QUOTIENT IS "ORMED BIT-BY-BITBY REPEATED TRIAL SUBTRACTIONS
* OF THE DIVISOR FROM THE DIVIDEND. A SUCCESSFUL SUBTRACTION
* CORRESPONDS TO A "1" IN.THE.QUOTIENT; AN UNSUCCESSFUL SUBTRACTION
* CORRESPONDS TO A "0··. ACTUALLY THE 1 's COMPLEMENT OF THE QUOTIENT
* IS DEVELOPED (IN FT1;FT2>.

FTl"-I.; FT2"-IJ * COMPLEMENTED ZEROES
COUNiER"23J
LINK ..FDLOOPJ

* IF THE FIRST TRIAL SUBTRACTION WOULD FAIL WE "PRENORMALIZE" THE
* DIVIDEND BY SHIFTING IT 1 PLACE LEFTWARD.

ZERO~AR+BR PI Ll SO; AL"AL/BL CI 51 Ll SO;
GOTO FDSTART IF NOSPILL; * NONNEGATIVE DIFFERENCE
AR ..AR Ll SO; AL"AL SI LI; * LEFT SHIFT FRACTION AND
AEXp ..AEXP-l; * DECREMENT EXPONENT

rDLOQp: ZERO"AR+8R PI Ll SO; AL..AL/BL CI 51 LI SO.;
FDSTART: FT2 ..FT2 SI LI SO; FTt ..FTt 51 Ll;

GOTO FDQ0 IF FT2$15=1; * NEGATIVE DIFFERENCE
AR ..AR+BRPI LI D J; * FINISH THE SUBTRACTION
GOTO FDLAST;

FDQ0: AR ..AR Ll SO; AL..AL SI Ll D J;
* COMPLEMENT FTI1FT2 TO OBTAIN TRUEI UNROUNDED QUOTIENT.
FDLAST: FTI ..FIl EOR -I; FT2 ..FT2 EOR -1;
* PRODUCE A 24-TH QUOTIENT BIT (WITHOUT INSERTING IT IN FTIIFT2>
* FOR ROUNDING' ·PURPOSES. (SEE COMMENTS ON ROUNDING AT FROUND.)

ZERO ..AR+BR pl LI SO; AL..AL/BL CI SI LI SO.;
GOTO FDPACK IFSPILLJ * ROUND BIT = 0
AR ..AR+BR PI Ll.; * FINISH THE-SUBTRACTION



(
* NOW AL~AR = 0 IFF STICKY BIT = 0.

AL"AL OR AR;
GOTO FDROUNDUP IF ALH0;

* ROUND=l~ STICKY=0. ROUND QUOTIENT TO NEAREST EVEN.
GOTO FDPACK IF FT2$15=0; * EVEN ALREADY

FDROUNDUP: FT2 ..FT2+1J FTl ..FTl+ZERO CIJ
GOTO FDPACK IF FTl$8=01 * NO OVERFLOW

* COEFFICIENT ROUNDING OVERFLOW. NOTE FTl=000200B AND FT2=000000B.
FTl"000100BJ
AEXP"AEXP+l;

* POSITION QUOTIENT COEFFICIENT CORRECTLY AND TRANSFER TO FPACK.
FDPACK: AL..FT2 R8; FTl ..FTt L81 AL..FTI OR ALi

AR ..FT2 L8;
GOTO FPACK,;



***~***
* A~D *
***~***

BAND: CALL TESTLOGAB;
LINK"'OPRET;
AR ...AR AND BR ANDRETURNJ

* SETS AlB TO INTEGER 0 OR 1

***:(tc**
* O~ *
******,1

,
I

BOR: CALL TESTLOGAB;
LINK"'OPRETJ
AR ...AR OR BR ANDRETURNJ

*
** TESTLOGAB()
* CALL: CALL TESTLOGAB •
* SETS: A FLOOR(A)I PROVIDED A=0 OR A=lJ
* S FLOORCB)I PROVIDED 8=0 OR 8=1.
* USES: TEMP.

DOMAINERROR )J

DOMAINERROR )J

* 8=1* CALL TESTLOGA & RETURN

TESTLOGA8: GOTO TLABFLO IF BL$FLOTYPE=IJ
* B IS AN INTEGER.

GOTO DOMAINERROR IF BL$R#0J
GOTO TESTLOGA IF BR=0J
TESTNOTEQUAL( SRI 11 TESTLOGA );
GOTO DOMAINERRORJ

* B IS FLOATING-POINT.
TLABFLO: TESTEQUALC'SRI FLPT 1RI

TESTEQUAL( BL# FLPTIL#
BL"'INTTYPEBJ BR"'IJ
*GOTO TESTLOGAJ

** T£STLOGA()

TESTLOGA: GOTO TLAFLO IF' AL$FLOTYPE=lJ
* A IS AN INTEGER.

GOTO DOMAINERROR IF' AL$R#0J
RETURNIF'( AR=0 )J * A=0
TEMP ...AR EOR 1J
RETURNIF( TEMP=0 )J * A=l
GOTO DOMAINERRORJ

* A IS FLOATING-POINT.
TLAFLO: TESTE:QUAL("AR" FLPTIRI DOMAINERROR );

TESTEQUALC AL~ FLPTIL" DOMAINERROR )J

AL ... INTTYPEBJ AR"'ZERO+ZERO PI ANDRETORNJ * A=l

- __ e_



********
* LESS *
********
* THIS OPERATOR ROUTINE RETURNS DIRECTLY TO GOOPRET.
* A<8 IF AND ONLY IF SIGNUM(A-B)=-l.
LESS: OPRET~*+4;

GOTO DIFFERENCE; * OPCALL(DIFFERENCE)
OPRET~GOOPRET;

GOTO OPRETURNI IF AL$SIGN=IJ * A<B
GOTO OPRETURN0J * A>=B

***~*****
* E¢luAL *
***:p:*****

*OPRETURNl: LINK~OPRET; AL~INTTYPEBJ AR~ZERO+ZERO PI ANDRETURNJ

*OPRETURNB: LINK~OPRET; AL~BLJ AR~BR ANDRETURNJ



c *
** rLOATA() (FLoATS(»
* CONVERTS AL~AR (BL~BR) FROM INTEGER TO FLOATING FORMAT.
* FAILS: IF~AL~AR ~8L~BR) IS ZERO.
* USES: ASIGN~AEXP~FTl~FT2.

* BEGIN FLOATB().
* FLOATS() INTERCHANGES A AND B~ CALLS FLOATA()~ AND AGAIN INTERCHANGES
* A. AND B.
FLOATS: .. GOTO FLBICH IF BR#0J

GOTO FRETURN IF BL$R=0;

FT2~LINK;

CALL FLOATANZ; * SKIP ZERO TEST
LINK~fiT2;

* RE-INTERCHANGE A AND B~ THEN RETURN FROM FLOATB().
FTl~AL; AL~BL; BL~fiTl;

fiTl~AR; AR~BR; BR~fiTl ANDRETURN;
* S~GIN fiLOATA(>.
* C~ECK THAT A#0.
fiLOATA: GOTO rLOATANZ IF AR'0;

GOTO fiRETURN Ifi AL$R=0J
* UNPACK ASIGN AND SHIfiT AL~AR LEFT 8 PLACES.
FLOATANZ: ASIGN~AL AND SIGNB;

AL~AL La; FTI~AR R8J AL~AL OR FTt;
AR~AR L8;

* INITIALIZE AEXP TO PLACE RADIX POINT AT RIGHT EDGE OF COEFFICIENT.
AEXP~EXPBIAS+22J

* TEST FOR SHIFT BY 16.
GOTO FLT8 I~ AL'0J
GOTO FLS8 IF AR$0#0J * CAN AT LEAST SHIFT BY 8
AEXP~AEXP-16;

AL~ARJ AR+';0J
* TEST FOR SHIFT BY 8.
F'LT8: FTl~AL AND"MASK(1~8);

GOTO FLT421 IF fiT160J
FLS8: AEXP~AEXP-8J

AL~AL L8;"FTl~AR R8J AL~AL OR FTI;
AR~AR L8;

* TEST FOR SHIFT OF LESS THAN 8 <DONE IN LOOP).
FLT421: 60TO FLPACK IF AL$COEFBt=l;
F'LS421: AEXP~AEXP-l;

AR~AR Ll SO; AL~AL SI Lt;
GOTO F'LS421 Ifi AL$COEFBl=0J

* PACK SIGN~ COEFFICIENT~ AND EXPONENT INTO AL~AR AND RETURN.
fiLPACK: AL~AL OR ASIGN;

AR~AR OR AEXP ANDRETURN;

c

*.
FLBICH:

*

*F'RETURN:

FTI~AL; AL~BLJ BL~FTIJ

FTl~AR; AR~BR; BR~FTl;

LINK~LINK-ONEINSTJ RETURN;



c ** INDEX = 1001MMMM. M IS THE EXPECTED RANK.

INDEX: FIRSTBYTE~FIRST8YTE AND RMASK4,; * EXPECTED RANK
CALL TOP,;

* FIRST OPERAND MUST BE AN ARRAY.
TEMP~AL AND SCATYPEB,;"·
GOTO RANKERROR IF TEMP#0,;
GOTO WHATERR IF AL$ARYTYPE=0,;

* FIRST OPERAND IS AN ARRAY -- INDEXER() EXPECTS ITS ADDRESS IN Tl·
Tl ..AR,;
T2"LTOP-IJ * ADDRESS OF 1ST SUBSCRIPT
CALL INDEXER,; * COMPOTE INDEX IN 13

* IF AN "INDEX RAVELED" INSTRUCTION IS ADDED~ IT SHOULD END WITH
* A TRANSFER TO HERE:
INDEXY: READTESTG( T3 ),;

LTOP"T2+1; * POP OPERANDS EXCEPT LAST
FRP~Tl'; * ADDRESS OF ARRAY TO FREE
WAITREAD,;
MEMDATAL~MEMDATAL; MEMDATAR~MEMDATARJ

WRITELTOP;
LINK"CYCLE; * CALL DECRFCF(FRP) &
GOTO DECRFCFJ * GOTO CYCLE

T0=FIRSTBYTE CONTAINS THE EXPECTED RANK;
Tl 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).

Tl IS UNCHANGED,;
T2 CONTAINS (L-RELATIVE ADDRESS OF THE LAST SUBSCRIPT)-IJ
T3 CONTAINS THt G-RELATIVE ADDRESS OF THE SELECTED

ARRAY ELEMENT."'
EVERYTHING~ INCLUDING AL~AR~BL~BR.USES:

RETURN:

CALL:

*
** INDEXER() -- DO RANK-N ARRAY INDEXING WITH SCALAR SUBSCRIPTS.

*
*
*
*
*
*
*
*
*
*
*

r

* CHECK THAT GIVEN ARRAY IS OF THE EXPECTED RANK AND SET UP THE
* REGISTERS FOR THE MAIN LOOP.
INDEXER: READTESTGC Tl )J * READ 1ST HEADER WORD
* T3 ACCUMULATES THE INDEX IN ARRAY.RAVEL;
* T4 SCANS THROUGH ADDRESSES IN ARRAY.SHAPE.;
* BL WILL CONTAIN INDEX ORIGINI 1 '5 COMPLEMENTED;
* TS SAVES THE RETURN ADDRESS.

T3"0,;
T4~Tl+SHAPEOFFSETJ

BL~FLAGS AND 10RGB,; BL"SL EOR -IJ
TS~LINKJ

c
* TEMp ..MEMDATAL EOR FlRSTBYTE PAUSE,;

GOTO IXRNARGERR IF TEMP$R#0J * WRONG NO. OF SUBSCRIPTS
* BEGIN MAIN LOOP.



c
1

IXRLOOP: READTESTG( T4 )} * READ NEXT ARRAY SHAPE WORD
T4~T4+1J

* PREPARE TO MULTIPLY T3 BY THE NEXT SHAPE NUMBER.
WAITREAD;
BR~MEMDATARJ * 8R~SHAPE NUMBER
GOTO IXRREADSUB IF T3=0J * (5 TIMES 0)=0

* TEMP WILL HOLD THE HIGH-ORDER BITS OF THE PRODUCT~ WHICH ON
* COMPLETION WILL BE ALL ZEROS.
* T3 IS THE MULTIPLIER~ AND ON COMPLETION WILL CONTAIN (THE LOW-ORDER
* BITS OF) THE PRODUCT~

MULTIPLY( T3~ BR~ TEMP );
* FETCH THE NEXT SUBSCRIPT~ WHICH SHOULD BE A NON-NEGATIVE INTEGER
* LESS THAN 2116.
IXRREADSUB:READL( T2 );

TEMP~LBASE+2; TEMP~TEMP EOR -IJ ZERO~T2+TEMP PI;
GOTO STKUFERR IF NOCARRYJ * STACK UNDERFLOW
T2~T2-1J

AL~MEMDATAL PAUSE; AR~MEMDATAR;

*

AGAINST THE ARRAY BOUNDS.
* SUBSCRIPT<0
* 2tI6<=SUBSCRIPT
* SUBTRACT INDtX ORIGIN
* SUBSCRIPT<INDEX ORIGIN

PI;
* UPPER BOUND<=SUBSCRIPT

*

LINK~IXRINT;

GOTO FIXA IF AL$FLOTYPE=1J * CALL FIXA IF AL$FLOTYPE=1
GOTO TYPEERROR IF AL$CHTYPE=lJ
GOTO RANKERROR IF AL$ARYTypE=1; * ONLY SCALAR SUBSCRIPTS OK
GOTO RANKERROR IF AL$UNDFTYPE=lJ* NO "MISSING SUBSCRIPTS"
GOTO WHATERR IF AL$INTTYPE=0J

* SUBSCRIPT IS (NOW> AN INTEGER- CHECK IT
IXRINT: GOTO INDEXERROR IF AL$SIGN=lJ

GOTO INDEXERROR IF AL$R#0;
AR~AR+BL PI;
GOTO INDEXERROR If NOCARRYJ
TEMP~BR EOR -IJ ZERO~AR+TEMP

GOTO INDEXERROR If CARRY;

c

*
T3~T3+AR; * ACCUMULATE RESULT

FIRSTBYTE~fIRSTBYTE-l;

GOTO IXRLOOP IF FIRSTBYTE#0;
* NOW T4 CONTAINS @ARRAY.RAVgL[FIRSTJ AND T3 CONTAINS THE DESIRED
* R~SULT LESS T4.

T3~T4+T3;

*
LINK~T5J

RETURN;



c·

** SHORTCONST = 101LLLLLLLLLLLLL.

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

SHORTCONST:CALL NEXTBYTE; * TEMP~NEXTBYTE()

MEMDATAL~INTTYPE8J

GOTO SCY IF FIRSTBYTE$OPCB3=0J * NUMBER IS POSITIVE
MEMDATAL~SIGNB+INTTYPEB; * NEGATIVE

SCY: rIRSTBYTE~rIRSTBYTE AND RMASK4J
rIRSTBYTE~rIRSTBYTE L8;
MEMDATAR~rIRST8YTE OR TEMP;
INCLTOPJ
GOTO WLCYCLEJ * WRITELTOP & GOTO CYCLE



* !* ETC = I1NNNNNN.

** TRANSFER VECTOR FOR ETC.

ETCTAS: DATA UNDEFINEDJ
DATA EATI;
DATA INTERCHANGE;
DATA SETORIGIN.;
DATA GETORIGINJ

* APL MIXED OPERATORS NEXT:
DATA SHAPE.;
DATA RESHAPE;
DATA RAVELJ
DATA CATENATE;
DATA INDEXGEN;

* DATA CONSCALAR;
DATA CONVEC;

* DATA BRANCH.;
DATA GO.;
DATA GOTRUEJ
DATA GOFALSEJ

* DATA RETURNF.;
DATA CALLFCN;
DATA CYCLE;
DATA BKPTTRAPJ
DATA ATTNTRAPJ

* RESERVED FOR FUTURE EXPANSION:
DATA ETCUNDERR.;
DATA ETCUNDERR;
DATA ETCUNDERR;
DATA ETCUNDERRJ
DATA ETCUNDERR.;
DATA ETCUNDERRJ
DATA ETCUNDERRJ

* 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)
* <JUMP ON FALSE)

* (RETURN FROM FUNCTION)
* CALL FUNCTION
* NO OPERATION
* CAUSE BREAKPOINT TRAP
* CAUSE ATTENTION TRAP

*DC ETCUNDOPN ~ *-ETCTAB;
* IMPORTANT:
* THE VALUE "ETCUNDOPN" MUST BE EVEN AND NOT GREATER THAN 64.

** B~GIN ETC.
ETC: fIRSTBYTE~FIRSTBYTE AND RMASK6;
* THE FOLLOWING TEST IS NOT NECESSARY IF ETCUNDOPN=63.

TESTLESS< FIRSTBYTEI ETCUNDOPNI ETCUNDERR J;
LINK~FIRSTBYTE+ETCTAB;

LINK~ZERO LOAD 0;
GOTO (0 IX;

.. _- ....



** PUSH AN NU~SPECIFIED" VALUE ONTO THE STACK.

UNDEFINED: INCLTOP;
MEMDATAL~UNDFTYPE8J MEMDATAR~0;

GOTO WLCYCLEJ

** REMOVE ONE ELEMENT FROM THE STACK.

CALL TOP;
LTOP~LTOP-l.;
LINK~CYCLE:J

GOTO DECRFC;
* CALL DECRFC &
* GOTO CYCLE

** INTERCHANGE THE TOP TWO ELEMENTS OF THE STACK.

INT~RCHANGE:CALL TOP2;
TEMP~LTOP-l,;
MEMDATAL~AL; MEMDATAR~AR;

WRITEL( TEMP );
MEMOATAL~BL,; MEMDATAR~BR';

GOTO WLCYCLE; * WRITELTOP & GOTO CYCLE

** EXCHANGE THE TOP ELEMENT OF THE STACK WITH THE INDEX ORIGIN BIT.

(=0 OR 1) SCALAR OR I-ELEMENT ARRAY.

* ENSURES INTEGER 0 OR 1
MEMDATAR~FLAGS AND IORGB;

* CLEAR INDEX ORIGIN &
* SET IT FROM BIT IN AR

* THE OPERAND MUST BE A "LOGICAL"
SET,ORIGIN: CALL PSEUDOINT;

CALL TESTLOGA;
MEMDATAL~INTTYPEB;

CLEARFLAG( IORGB );
SETFLAGC AR )J

GOTO WLCYCLE;

r
\

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

GETQRIGIN: INCLTOPJ
MEMDATAL~INTTYPEBJ MEMDATAR~FLAGS AND IORGBJ
60TO WLCYCLEJ

----~-



c

(

** SHAPE ('1 MONAD I C RHO"')
* FOR ALL AI <SHAPE A) RETURNS A VECTOR OF LENGTH A.RANK WHOSE
* ELEMENTS ARE THE WIDTHS OF THE COORDINATES OF A.

* LOAD OPERAND INTO ALlAR.
SHAPE: CALL TOP;
* MKNELTS WILL CONTAIN THE LENGTH OF THE RESULT VECTOR.

MKNELTS~0; * RANK OF SCALAR IS ZERO
TEMP~AL AND SCATYPES;
GOTO SHPALLOC IF TEMP#0J * OPERAND IS SCALAR
GOTO WHATERR IF AL$ARYTYPE=0;

* OPERAND IS AN ARRAY. SET MKNELTS TO ITS RANK.
READTESTG(' "AR ); * READ 1ST HEADER WORD
MKNELTS~MEMDATAL AND RANKS PAUSE;

* CREATE A VECTOR OF LENGTH (MKNELTS>.
SHPALLOC: CALL MAKEVEC; * RPTR~MAKEVEC(MKNELTS)

* SET OPFLAGS FOR USE BY THE GENERALIZED OPERATOR APpLICATION
* MECHANISM.

SETFLAG( MONOPB+RARRAYB );
* FINISH SETTING UP FOR GENERALIZED OPERATOR APPLICATION.

APTR~AR+SHAPEOFFSET; * APTR~@A.SHAPE[FIRSTJ

OPNO~IDOPNO;

GOTO GENOP;



c * ,* R~SHAPE ("DYADIC RHO")
* ROUGHLY SPEAKING~ (A RESHAPE B) RETURNS AN ARRAY WITH SHAPE A AND
* RAVEL B. A MUST BE 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.

* CONVERT TO INTEGER
* AND
* UPDATE A!

* READ 2ND HEADER WORD

* READ 1ST HEADER WORD

* SHAPE NUMBER<0
* 2t16<=SHAP£ NUMBER
* RANK OF RESULTJ
* LENGTH OF RESULT

* CONVERT TO INTEGER

IF ALSFLOTYPE=lJ
IF ALSINTTYPE=lJ
IF ALSCHTYPE=lJ
If AL$ARYTYPE:=lJ

* LOAD OPERANDS INTO AL,AR AND BL,BR.
RESHAPE: CALL TOP2J
* DISPATCH ON TYPE OF A.

GOTO RSAFLO ,.
GOTO RSAINT
GO TO TYPEERROR
GOTO RSAARR
GOTO WHATERRJ

* AIS FLOATING-POINT.
RSAFLO: CALL'FIXAJ"
* A, IS (NOW) AN INTEGER.
RSAINT: GOTO DOMAINERROR IF AL$SIGN=IJ

GOTO DOMAINERROR IF AL$R#0J
MKRANK"IJ
MKNELTS ..ARJ
GOTO RSCHECKBJ

* A IS AN ARRAY. IT MUST BE OF RANK ONE.
RSAARR: READTESTG( AR );

TEMP ..MEMDATAL EOR 1 PAUSEJ
GOTO RANKERROR IF TEMP$R#0J

* IF A IS EMPTY THE RESULT WILL BE SCALAR.
READTESTG( AR PI );
WAITREAD;
MKRANK .. MEMDATARJ
GOTO RSRSCA IF MKRANK=0J * RESULT WILL BE SCALAR

* OTHERWISE A MUST HAVE FEWER THAN 256 ELEMENTS.
GOTO LENGTHERROR IF MKRANK$L#0J

* THE PRODUCT OF THE ELEMENTS OF A WILL BE COMPUTED IN MKNELTS.
MKNELTS"lJ

* APTR WILL SCAN BACKWARDS THROUGH A.RAVEL.
T0"AR+SHAPEOFFSET; APTR"T0+MKRANKJ

RSSHPLOOP: READTESTG( APTR )J * READ NEXT SHAPE NUMBER
AL.. MEMDATAL PAUS£J AR .. MEMDATARJ
GOTO RSSFLO IF AL$FLOTYPE=lJ
GOTO RSSINT IF AL$INTTYPE=lJ
GOTO TYPEERROR IF AL$CHTYPE=lJ
GOTO WHATERRJ

* SHAPE NUMBER IS FLOATING-POINT.
RSSFLO: CALL FIXAJ

MEMDATAL..ALJ MEMDATAR"ARJ
WRITEG( APTR )J

* SHAPE NUMBER IS (NOW) AN INTEGER.
RSSINT: GOTO DOMAINERROR If AL$SIGN=lJ * SHAPE NUMBER<0

GOTO DOMAINERROR IF ALSR#0J * 2t16<=SHAPE NUMBER
* SET MKNELTS TO (MKNELTS> TIMES (AR).

MULTIPLYC MKNELTS~ AR~ TEMP )Jc'



c *
GOTO DOMAINERROR IF TEMPI0; * 2t16<=PRODUCT

APTR~APTR-IJ * STEP BACK ONE
TESTEQUAL( APTR~ T0~ RSSHPLOOP ); * MORE ELEMENTS OF A.RAVEL

* RESTORE THE ARRAY DESCRIPTOR IN AL~AR.

AL~ARYTYPEBJ AR~APTR-SHAPEOFrSETJ * CAPTR)=@A.SHAPEEFIRSTJ
* B MAY BE EMPTY ONLY IF THE RESULT ARRAY WILL BE EMPTY.""
RSCHECKB: GOTO RSALLOC IF MKNELTS=0J * RESULT WILL BE EMPTY

TEMP~BL AND SCATYPEBJ
GOTO RSALLOC IF TEMPI0; * B IS SCALAR NOT EMPTY
GOTO WHATERR IF BL$ARYTYPE=0J

* B IS AN ARRAY.
READiESTG( BR PI );
WAITREAD.;
GOTO LENGTHERROR IF MEMDATAR=0J

* CREATE THE RESULT ARRAY BLOCK.
RSALLOC: CALL MAKEJ * MKP~MAKECMKRANK~MKNELTS)

SETFLAGC RARRAYB ).;
* CATCOPYC) WILL BE USED TO FILL IN THE SHAPE AND RAVEL OF THE NEW
* ARRAY.

NELTS~MKRANK+MKNELTSJ

RPTR~MKP+SHAPEOFFSETJ

* CALL CATCOPYJ

*
AL~BLJ AR~BRJ

RSRAVLOOP: CALL CATCQPYJ
GOTO RSRAVLOOP IF NELTS'0J
GOTO GENOPFINJ

* NELTS IS MAX NO. TO COpy
* RPTR~@RESULT.SHApEEFIRST]

* FILL IN THE SHAPE WORDS

* FILL IN SOME RAVEL WORDS
* NOT FINISHED YET

*
* A IS AN EMPTY VECTOR~ SO THE RESULT WILL BE SCALAR. B MUST BE
*.NON-EMPTY.
RSRSCA: TEMP~BL AND SCATYPEBJ

GOTO RSRBSCA IF TEMPleJ
GOTO WHATERR IF BL$ARYTYPE=0J

* B IS AN ARRAY.
READTESTGC BR PI )J
WAITREADJ
GOTO LENGTHERROR IF MEMDATAR=0J * B IS EMPTY

*

c

FRP~BR';

TI~LTOP-IJ

LINK~RESHAPE;

GOTO PEELJ
* B IS SCALAR.
RSRBSCA: MEMDATAL~BLJ MEMDATAR~BRJ

LTOP~LTOP-I J
WRITELTOPJ
FRP~AR';

LINK~CYCLE;

GOTO DECRFCFJ

* CALL PEEL &
* GOTO RESHAPE

* CALL DECRFCFCFRP) &
* GOTO CYCLE



c

c

c

** RAVEL (-"MONAD IC COMMA'·)
* I~ A IS ANY VALUE~ THEN (RAVEL A) RETURNS A VECTOR WHOSE LENGTH IS
* THE PRODUCT REDUCTION OF (SHAPE A) AND WHOSE ELEMENTS ARE tHE
* ELEMENTS OF A~ ORDERED LEXICOGRAPHICALLY BY SUBSCRIPTS.

* LDAD OPERAND INTO AL~AR.

RAV£L: CALL TOP;
* DisPATCH ON TYPE OF OPERAND.
* MKNELTS WILL CONTAIN THE LENGTH OF THE RESULT VECTOR.

MKNELTS"I;

* TEMp ..AL AND SCATYPEB;
GOTO RAVALLOC IF TEMPI0; * OPERAND IS SCALAR
60TO WHATERR IF AL$ARYTYPE=0; * ?

* OPERAND IS AN ARRAY.
* IF ITS RANK IS ONE~'"(RAVEL A) IS JUST A.

READTESTG( AR )J * READ 1ST HEADER WORD
TEMp ..MEMDATAL AND RANKB PAUSE;
TESTNOTEQUAL( TEMP~ 1~ CYCLE );

* READTEST6( AR PI ); * READ 2ND HEADER WORD
WAITREAD;
MKNELTS ..MEMDATARJ

* CREATE THE RESULT VECTOR.
RAVALLOC: CALL MAKEVEC;
* SET OPFLAGS FOR GENOPFIN.

SETFLAG( MONOP8+RARRAYB );
* USE CATCOPY() TO FILL IN THE ELEMENTS OF THE NEW VECTOR.
* MAKEVEC() SET RPTR TO @RESULT.RAVEL[FIRSTJ.

LINK .. GENOPFIN; *""CALL CATCOPY &
GOTO CATCOPY; * GOTO GENOPFIN

-""



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

* LOAD OPERANDS INTO AL~AR AND 8L~BR.

CATENATE:. CALL TOP2;
* DISPATCH ON TYPE OF FIRST OPERAND.
* THE LENGTH OF THE RESULT WILL BE COMPUTED IN MKNELTS.

MKNELTS .. t;
TEMP"AL AND SCATYPEB;
GOTO CATDISPB IF TEMP#0; * FIRST OPERAND IS SCALAR
GOTO WHATERR IF AL$ARYTYPE=0J

* FIRST OPERAND IS AN ARRAY. ITS RANK MUST BE ONE.
READTESTG( AR ) J" * READ rST HEADER WORD
TEMP"MEMDATAL EOR 1 PAUSEJ
GOTO RANKERROR IF TEMP$RI0;

* READTESTG< AR PI ); * READ 2ND HEADER WORD
WAITREAD;
MKNELTS ..MEMDATARJ

* DISPATCH ON TYPE OF SECOND OPERAND.
CATDISPB: TEMP"BL AND SCATYPEBJ .-

GOTO CATBSCA IF TEMP'0J * SECOND OPERAND IS SCALAR
GOTO WHATERR IF BL$ARYTYPE=0J

* SECOND OPERAND IS AN ARRAY. ITS RANK MUST BE ONE.
READTESTGC BR )J * READ 1ST HEADER WORD
TEMp ..MEMDATAL EOR 1 PAUSE;
GOTO RANKERROR IF TEMP$R#0;

*

*

READTESTG( BR PI );
WAITREAD;
MKNELTS ..MEMDATAR+MKNELTS;

* READ 2ND HEADER WORD

GOTO CATALLOC;
* SECOND OPERAND IS SCALAR.
CATBSCA: MKNELTS ..MKNELTS+IJ
* CREATE VECTOR TO HOLD RESULT.
CATALLOC: GOTO LENGTHERROR IF OVERFLOW; * RESULT LENGTH MUST BE<2t16

CALL MAKEVECJ * RPTR"MAKEVEC(MKNELTS)
* SET OPFLAGS FOR GENOPFIN.

SETFLAG( RARRAyB }J

* FILL IN THE ELEMENTS OF THE RESULT.
* CATCOPYC) 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"2t16-1J * RESULT.NELTS<=2t16-1
CALL CATCOPY;
AL ..BL; AR"SRJ
LINK"GENOPFIN; * CALL CATCOPY &
*GOTO CATCOPY; * GOTO GENOPFIN;

___ t:_



*
** CATCOPY() -- COpy ELEMENTS OF A INTO RESULT VECTOR-
* CALL: ALIAR~DESCRIPTOR <FOR SCALAR OR ARRAY);
* RPTR~INITIAL ADDRESS IN RAVEL OF RESULT VECTOR;
* NELTS~MAXIMUM NUMBER OF ELEMENTS TO COpy;
* CALL CATCOPY -* SETS: GSEG[RPTRJI •• ~IGSEG[RPTR+N-l] TO APPROPRIATE ELEMENTS OF A;
* RPTR TO (RPtR+N)J
* NELTS TO (NELTS-N);
* WHERE N = MINIMUM(NELTSIA.NELTS).
* USES: APTRIRPTRITSIT9=TEMP.

CATCOPY: RETURNIF( NELTS=0 )J * NOTHING TO COpy
* DISPATCH ON RANK OF OPERAND.

TEMP~AL AND SCATypgB;
GOTO CATCOPSCA IF TEMPI0;
GOTO WHATERR IF AL$ARYTYPE=0;

* OPERAND IS AN ARRAY.
READTESTG(" "AR ) J * READ 1ST HEADER WORD
APTR~AR+SHAPEOFFSET;

TEMP~MEMDATAL AND RANKS PAUSE; * TEMP~A.RANK

APTR~APTR+TEMPJ * APTR~A~RAVEL[FIRSTJ

* READTESTG( AR PI );
WAITREADJ
TS~MEMDATARJ

* READ 2ND HEADER WORD

* T8~A.NELTS

*CATCOPLOOP:RETURNIF( NELTS=0 )J
RETURNIF( TS=0 );
NELTS~NELTS-IJ

TS"T8-1;
READTESTG( APTR );
APTR~APTR+IJ

WAITREADJ
MEMDATAL~MEMDATAL; MEMDATAR ..MEMDATAR;
TESTGWRITE( RPTR )J
RPTR"RPTR+IJ
GOTO CATCOPLOOPJ

* OPERAND IS SCALAR.
CATCOPSCA: MEMDATAL~ALJ MEMDATAR ..ARJ

TESTGWRITE( RPTR )J

NELTS ..NELTS-IJ
RPTR~RPTR+Z£RO PI ANDRETURN;



( ** INDEX GENERATOR ("MONADIC IOTA")
* IF L IS A NON-NEGATIVE PSEUDO-INTEGER~ (INDEXGEN L) RETURNS AN
* L-ELEMENT VECtOR CONTAINING THE INTEGERS IORG~IORG+l~· •• ~IORG+L-l.

INDEXGEN: CALL PSEUDOINT; * LOAD INTEGER ARG INTO AL~AR

* THE OPERAND MUST BE NON-NEGATIVE AND LESS THAN 2t16~

GOTO DOMAINERROR IF ALSSIGN=l; * ARG<0
GOTODOMAINERROR IF ALSR'0; * 2t16<=ARG

* CREATE THE RESULT VECTOR. AR CONTAINS THE NUMBER OF ELEMENTS.
MKNELTS~AR;

CALL MAKEVEC; * RPTR~MAKEVEC(MKNELTS)

* USE GENDP TO FILL IN THE ELEMENTS OF THE NEW VECTOR.
SETFLAG( MONOPB+ASCALARB+RARRAYB );
APTR~FLAGS AND IORGB; * APTR~INDEX ORIGIN
OPNO~IGOPNO;

GOTO GENOP;
* ROUTINE FOR I-T8 STEP:
IGE~T: LINK~OPRETJ

AL~INTTYPEB; AR~APTR ANDRETURNJ



c ** CONSCALAR -- (IMMEDIATE) CONSTANT SCALAR. A 32-8IT SCALAR DESCRIPTOR
* ~OLLOWS IN THE INSTRUCTION SEQUENC~.

CONSCALAR: CALL NEXT2J
AL"TEMPJ
CALL NEXT2J
MEMDATAL"AL; MEMDATAR ..TEMP;
INCLTOP;
GOTO WLCYCLE;

* TEMp ..NEXT2()

* TEMp ..NEXT2()

* WRITELTOP & GOTO CYCLE
* I

* CQNVEC -- (IMMEDIATE) CONSTANT VECTOR.

** F~RST BYTE OF CONVEC INSTRUCTION IS ITS ETC-CLASS OPCODEJ
* SECOND BYTE IS ELEMENT COUNT <0<=COUNT<=255};
* THE ZERO TO THREE BYTES UP TO THE NEXT FULLWORD BOUNDARY ARE IGNORED;
* FINALLY COME THE 32-81T SCALAR DESCRIPTORSI ONE TO A FULLWORD.

* S.ET MKNELTS ..NEXTBYTE().
CONVEC: CALL NEXTBYTEi * TEMp ..NEXTBYTEC)

MKNELTS"TEMPJ
* CREATE RESULT VECTORI SETTING MKP TO ITS BASE ADDRESS AND RPTR TO
* ADDRESS OF. FIRST WORD OF ITS RAVEL.

CALL MAKEVECJ * MKPIRPTR .. MAKEVEC<MKNELTS)
SETFLAG< RARRAYB ); * FOR' TRAP HANDLING

* SET Tl TO PBASE-RELATIVE FULLWORD ADDRESS OF NEXT CODE WORD.
Tl"PCTR+3; Tl"Tl Rl; Tl"TI Rl; * Tl"CEIL<PCTR/4) .,

** WHILE MKNELTS#0 DO;
** MKNELTS ..MKNELTS-l;
** GSEG[RPTRJ"PSEG[PBASE+TIJ;
** T1"Tl+1;
** RPTR"RPTR+l;
** gNDWHILE;
CVLOOP: GOTO CVFIN IF MKNELTS=0J

MKNELTS ..MKNELTS-l;
TEMP "PBASE+T 1 J
READTESTP< TEMP );
WAITREAO;
MEMDATAL..MEMDATAL; MEMDATAR .. MEMDATARJ
TESTGWRITE( RPTR )J

Tl"Tl+1;
RPTR"RPTR+IJ

~ 60TO CVLOOPJ
* INCREMENT LTOPI SET LSEGCLTOPJ TO A DESCRIPTOR FOR THE NEW ARRAYI AND
* S~T PCTR"4*Tl.·
CVr~N: INCLTOP;

MEMDArAL"ARYTYPEB; MEMDATAR~MKPJ

PCTR"TI +Tl Ll;
GOTO WLCYCLE; * WRITELTOP & GOTO CYCLE



* ;* BRANCH (''''MONADIC RI GHT-ARROW"')

?

* LOAD OPERAND INTO AL,AR

* MEMDATAR CONTAINS NELTS
* PEELCFRP,Tl) & GOTO BRANCH

* OPERAND IS FLOATING-POINT
* INTEGER "
* CHARACTER

*ONE.
* R~AD 1ST HEADER WORD

BRANCH: CALL TOP;
* DISPATCH ON TYPE,OF OPERAND.

GOTO BRAFLO IF AL$FLOTYPE=lJ
GOTO BRAINT IF AL$INTTYPE=I;
GOTO TYPEERROR IF AL$CHTYPE=I;
60TO WHATERR IF AL$ARYTYPE=0J

* OPERAND IS AN ARRAY. IT MUST BE OF RANK
READTESTGCAR ) J
TEMP~MEMDATAL EOR 1 PAUSE;
GOTO RANKERROR IF TEMP$RH0J * RANK#l

* IF THE ARRAY IS EMPTY, THE BRANCH NO-OPS. OTHERWISE, THE FIRST
* ELEMENT OF THE ARRAY IS USED AS THE ARGUMENT FOR BRANCH.

READTESTG( AR PI ); * READ 2ND HEADER WORD
FRP+-ARJ
Tt.-LTOP;
LINK+-BRANCHJ
WAITREAD;
GOTO PEEL IF MEMDATARI0;

* NELTS=0·
LTOP~LTOP-IJ * POP ARRAY FROM STACK
LINK~CYCLE; * CALL DECRFCF(FRP> &
GOTO OECRFCFJ * GOTO CYCLE

* OPERAND IS FLOATING-POINT. CONVERT IT TO AN INTEGER.
(--- BRAFLO: CALL FIXA;'-
\- * OPERAND IS AN INTEGER.

* RETURN FROM THE CURRENT PROCEDURE IF THE OPERAND IS NON-POSITIVE
* OR LARGER THAN THE NUMBER OF LINES IN THE CURRENT PROCEDURE.
SRA I NT: GOTO RETURNF' IF AL$S I GN#0.J * AR G<0 '"

GOTO RETURNF IF AL$R#0J * NLINES<2'16<=ARG
GOTO RETURNF IF' AR=0; * ARG=0
READTESTPC PBASE ); * READ 1ST PROCEDURE HDR WORD
Tl~MEMDATAL AND NLINESB PAUSE,;
T2+-AR EOR -1;
Tl+-Tl +T2 pfJ * Tl ~NLINES-ARG
GOTO RETURNr IF Tl$0=IJ * NLINES<ARG

* SET THE P-COUNTER TO TH£ ELEMENT OF THE LINE TABLE INDEXED BY THE
* OPERAND. CLINE TABLE ELEMENTS ARE PACKED TWO PER WORD, FOLLOWING
* THE CODE.)

"LTOP+-LTOP-l; * POP ARG FROM STACK
READTESTP( PBASE PI )J * READ 2ND PROCEDURE HDR WORD
TI~PBASE+COOEOFFSETJ * START OF CODE
AR~AR-l; * PREPARE FOR i-ORIGIN INDEX
AR+-AR "RI SO;
Tl~MEMDATAL+Tl PAUSE; * MEMDATAL HAS CODE LENGTH
Tl+-Tl+ARJ
READTESTP< Tl ); * READ LINE TABLE WORD
TEMP~MEMDATAL PAUSE;
GOTO GOGO IF NOSPILL; * LINE NUMBER IS EVEN

r - TEMP~MEMDATARJ * ODD
C GOTO GOGO;



** GO (NOT A STANDARD APL OPERATOR>

GO:
GOGO:

CALL NEXT2.;
Tl~TEMP RI.; Tl~Tl RI.;
ZERO~PNLEN+Tl;

GOTO PERR IF CARRY;
PCTR~TEMP.J

GOTO CYCLE.;

* TEMP~NEXT2()

* TESTPADDR< Tl )

** GOTRUE~GOrALSE (NOT STANDARD APL OPERATORS>

/ •...
,I

GOTRUE:

*GOFALSE:

*GOCOND:

BR~l';

GOTO GOCOND;

CALL NEXT2;
BL~TEMP;

CALL PSEUDOINTj
CALL TESTLOGA;
LTOP~LTOP-l';

AR~AR EOR 'BR;
GOTO CYCLE IF AR#0;
TEMP~BLJ

GOTO GOGO;

* TRANSFER ON TRUE

* BRANCH ON FALSE

* TEMP~NEXT2<>

* PSEUDOINT(>~ TESTLOGA()
* SAVE BL;SR
* POP OPERAND FROM STACK

* NO TRANSFER
* TRANSFER



c ** RETURNF -- RETURN FROM FUNCTION

* SAVE t~E LEFT HALF OF THE FIRST HEADER WORD OF THE CURRENT FUNCTION
* BLOCK IN T0.
RETURNF: READTESTP( PBASE ); * READ 1ST PROC. HEADER WORD

T0~MEMDATAL PAUSE;
* GENERATE A TRAP IF THE GLOBAL FUNCTION TRACE MODE IS TURNED ON
* AND THE RETURN TRAP BIT OF THE CURRENT FUNCTION IS SET.

GOTO RFI IF FLAGS$FCNRTRC=0;* NO RETURN TRACING
GOTO RTNTRAP IF T0$RTNTRACE=t;

* SET Tl TO THE NUMBER OF LOCALS OF THE CURRENT FUNCTION# I.E. TO THE
* NUMBER OF ARGUMENT VARIABLES PLUS THE NUMBER OF LOCAL VARTASLES.
RFl: T1~MEMDATAR R8; ..

Tl~Tl RIJ Tl~Tl Rl; Tl~Tl Rl; Tl~Tl RIJ
TEMP~MEMDATAR AND NLOCALSBJ
Tl"Tl+TEMPJ

* SET T2 TO THE LBASE OF THE FUNCTION BEING RETURNED TO. UNLESS THIS
* I S LESS THAN THE CURRENT LBASE# GENERATE A "'RETURN FROM LEVE:L ZERO"
* TRAP.

READL( LBASE );
T2 ..MEMDATAL PAUSEJ
TEMP"LBASE ~OR -I;
ZERO~T2+TEMP PI)'
GOTO RETURNERROR IF CARRY; * 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-IJ
GOTO RF2 ' IF T0$RESULT=0; * NO RESULT
GOTO LERR IF NOCARRYJ
READTESTL( 13 ); * READ RESULT VARIABLE
T3"T3-1;
Tl~Tl-1; * ONE LESS LOCAL TO RELEASE
AL..MEMDATAL PAUSE; AR ..MEMDATAR; * SAVE RESULT VALUE
TESTNOTEQUAL( AL# UNDFTYPE8# VALUEERROR );

* RELEASE THE LOCAL VALUES.'
RF2: LTOP"T3; * ADDRESS OF FIRST TO RELEASE
RFRLSLOOP: GOTO RF3 IF Tl=0; * ALL RELEASED'

Tl"TI-1J
READTESTL( LTOP );
LTOP~LTOP-l;

~ \' LINK"RFRL5LOOP; * CALL DECRFC &
GOTO DECRFC; * GOTO RFRLSLOOP

* STACK THE RESULT VALUE# IF ANY.
RF3: GOTO RF4 IF T0$RESULT=0; * NO RESULT

LTOP~LTOP+l ;
MEMDATAL..ALJ MEMDATAR..ARJ
WRITELTOP;

* UPDATE THE REGISTERS LBASE# PFIRST# PNLEN# PBASE# AND PCTR.
RF4: LBASE'-T2J ~ ~r

LINK~CYCLE; * CALL LOADP() &
GOTO LOADP; * GOTO CYCLE



c

c

** CALL FUNCTION

** FIRST BYTE OF CALL INSTRUCTION IS ITS ETC-CLASS OPCODE;
* 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>

* FETCH INSTRUCTION BYTES CONTAINING NARGSI PSEGSELI AND FCNO.
CALLFCN: CALL NEXT2; . * TEMP~N£XT2()

* SET T0~FUNCTION DESCRIPTOR (MAINTAINED THROUGHOUT-CALLFCN)J AND
* Tl~NARGS.

T0~TEMP AND RMASK12;
Tl~TEMP R8J
Tl~Tl Rl; Tl~Tl RIJ Tl~Tl Rl; Tl~Tl Rl;

* CHECK THAT THERE ARE AT LEAST NARGS TEMPORARY VALUES ON TOP OF THE
* STACKI I.E. THAT (LBASE+2)+(NARGS-l)=(LBASE+NARGS+l)<=LTOP.

TEMP~LBASE+Tl PI; * TEMP~LBASE+NARGS+l

TEMP~TEMP EOR -1; * T€MP~-(LBASE+NARGS+l)-l

ZERO~LTOP+TEMP PI;
GOTO STKUFERR IF NOCARRYJ

* SET PFIRSTIPNLEN TO THE BASEI(-LENGTH) OF THE CALLEE'S PROCEDURE
* SEGMENT.

TEMP~APLPSEG0WD;

GOTO CF0 IF T0$PSEGSEL=0;
TEMP~APLPSEGIWDJ

CF0: READ( TEMP );
PFIRST~MEMDATAL PAUSE;
PNLEN~MEMDATAR EOR -1; PNLEN~PNLEN+l;

* SET Tl TO CALLEE'S PBASE. THE PROCEDURE SEGMENT BEGINS WITH A
* SERIES OF Two-wOAD "DIRECTORY ENTRIES". THE LEFT HALF OF THE FIRST
* WORD OF A DIRECTORY ENTRY IS THE SEGMENT ADDRESS OF THE CORRESpONDING
* FUNCTION BODY.

TEMP~T0 AND FeNDSJ
TEMP~TEMP+TEMPj

READTESTP( TEMP );
Tl~MEMDATAL PAUSE;

* READ THE FIRST WORD OF THE CALLED FUNCTION BLOCK.
READTESTP< Tl )J

* SET T3 TO LEFT HALF OF FIRST HEADER WORDI T2 TO CALLEE.NLOCALS •
T3~MEMDATAL PAUSE;
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+T2; GOTO STKOF IF CARRY;
TEMP~LTOP+2; GOTO STKOF IF CARRY;
ZERO~LNLEN+TEMP; GOTO STKOF IF CARRYJ

* SAVE THE CALLER'S.PROGRAM COUNTER IN THE CURRENT STACK FRAME.
RMWL( (BASE PI );
WAITREADJ
MEMDATAR~PCTR; MEMDATAL~MEMDATAL ANDWRITEJ



* INITIALIZE THE CALLEE'S LOCAL VARIABLES WITH UNDFTYPE VALUES.
CFINITLOOP:GOTO CF2 IF 12=0J

T2"T2-1,;
LTOP ..LTOP+IJ * OVERFLOW IS IMPOSSIBLE (?!)
MEMDATAL"UNDFTYPEB,; MEMDATAR"0;
WRITELTOP;
GOTO CFINITLOOP;

* CREATE THE TWO-WORD STACK FRAME.
CF2: LTOP~LTOP+l';

MEMDATAL ..LBASE,; MEMDATAR"0J
WRITELTOP;

* LTOP"LTOP+l;
MEMDATAL ..T0,; MEMDATAR"0; * FDESCR (IPCTR>
WRITELTOP;

* UPDATE THE REGISTERS LBASE~ PBASEI AND peTRe
LBASE"LTOP-t,;
PBASE"Tt;
PCTR"CODEOFFSET*4;

* THE CALL IS COMPLETE; A FUNCTION CALL TRAP SHOULD BE GENERATED IF
* THE GLOBAL AND LOCAL CALL TRACE MODE BITS ARE SET.

GOTO CYCLE IF FLAGS$FCNCTRC=0;
GOTO CYCLE IF T3$CALLTRACE=0,;
GOTO CALLTRAP;



(

*
** PSEUDOINT()
* LOADS AL~AR WITH TOP STACK ELEMENT~ AND:
* (1) CONVERTS fLOATING-POINT NUMBER TO INTEGER;
* <2> "PEELS" A I-ELEMENT ARRAY.
* USES: T0~Tt~T6~i7~T8~T9~ COUNiER~ MEMORY REGISTERS

PSE4D01NT: Tl~LINK;

CALL TOP;
LINK"Tl J

* DISPATCH ON TYPE OF OPERAND.
GOTO FIXA IF AL$FLOTYPE=lJ * CALL FIXA & RETURN
RETURNIF( AL$INTTYPE=t );
GOTO TYPEERROR IF AL$CHTYPE=t;
GOTO WHATERR IF AL$ARYTYPE=0;

* OPERAND IS AN ARRAY. IT MUST BE A I-ELEMENT ARRAY.
READTESTGC OAR PI).; * READ 2ND HEADER WORD
WAITREAD;
TESTEQUAL( MEMDATAR~ 1~ LENGTHERROR );

* "PEEL" THE ARRAY AND START OVER.
FRP~AR;

Tl~LTOP;

T0~LINKJ

CALL PEEL;
LINK~T0;

GOTO PSEUDOINT;

---w-



*
** F)XAC)
* CONVERTS FLOATING-POINT NUMBER IN AL~AR TO INTEGER.
* ERROR IF FRACTIONAL PART OF ARGUMENT' IS NONZERO OR"IF 2 t23<=ABSCARG).
* USES: COUNTER~ASIGN~AEXP#FTI.

* A$F"RACTION#0

* AEXP<0
); * IS AEXP<23 ?
* YES
* COUNTER~30-A$EXP

FXPtlCK:

FXLOOP:

*

l* UNPACK A.
* i ASIGN 'GETS A$SIGN.
FIXA: ASIGN~AL AND SIGNS;
* AEXP GETS A$EXP-EXPBIAS.

AEXP~AR AND EXPB;' 'AEXP~AEXP-EXPB lAS;
AL~AR GETS A$MAGNITUDE.

AL~AL AND SIGNCI
AR ..AR AND EXPCI
GOTO DOMAINERROR IF AEXP$0#0;
TESTLESS< AEXP# 23# DOMAINERRR
FTl~AEXP-(30+1);

COUNTER~rTl EOR -1;
FT1~LINK;

LINK~F"XLOOP;

GOTD DOMAINERROR IF AR$15#0;
AL~AL Rl SO; AR~AR 51 Rl D J;
LINK~FTl;

AL~AL OR INTTYPEB;
AL~ASIGN OR AL ANDRETURN;



*
** pEEL()
* CALL:

*
** SiTS:
* USES:

PEEL:

--~ ... -

rRP~<ADDRESS OF ARRAY TO PEEL>
Tl~<LFIRST-RELATIVE ADDRESS TO PUT PEELED SCALAR>
CALL PEEL "."
LeTt] TO rRP.RAVEL[I] AND DECREMENTS rRP.RrC •
TEMPIFRPlrRSIZElrRTllrRT21 MEMORY REGISTERS

READTESTG( FRP )J

TEMP~MEMDATAL AND RANKS PAUSE;
TEMP~TEMP+SHAPEOFrSETJ

TEMP~FRP+TEMP; * TEMP~@ARRAY.RAVEL[rIRSTJ

READTESTG( TEMP )J
TEMP~MEMDATAL PAUSEJ MEMDATAL~TEMP; MEMDATAR~MEMDATAR;

TESTLWRITE( Tl );
GOTO DECRrCrJ * CALL DECRrCF & RETURN



r--. *
(

'-. ** MAKEVEC()
* GALL: MKNELTS~NUMBER OF ELEMENTS;
* GALL MAKEVEG •
* SETS: MKP, GSEG[BLOCKPTR] TO ADDRESS OF NEW VECTOR WITH ITS HEADER
* AND SHAPE INITIALIZED;
* RPTR TO ADDRESS OF FIRST ELEMENT OF RAVEL OF NEW VECTOR.
* FAILS: IF ARRAY STORAGE IS FULL.
* USES: EVERYTHING EXCEPT T0 (=FIRSTBYTE) AND Tl.

MAK~VEG: MKRANK~lJ

T2~LINK;

CALL MAKE;
LINK~T2;

* INITIALIZE THE SHAPE WORD.
TEMP~MKP+SHAPEOFFSET;

MEMDATAL~INTTYPEB; MEMDATAR~MKNELTSJ

WRITEG( TEMP );
* SET RPTR AND RETURN.

RPTR~MKP+SHAPEOFFSET+l;

RETURN;



-- ALLOCATE AN ARRAY BLOCK AND INITIALIZE ITS TWO HEADER WORDS·
MKNELTS ~ NUMBER OF ELEMENTS IN NEW ARRAY;
MKRANK ~ RANK OF NEW ARRAY;
CALL MAKE •
MKP = ADDREss OF NEW BLOCK;
MKSIZE = LENGTH OF NEW BLOCK EXCLUDING SLOP,;
GSEG[BLOCKPTRJ = MKP,;
GSEG[ROVERJ = ADDRESS OF "NEXT" F~EE BLOCK.
MKSIZE~MKTI~MKT2~MKT3 AND MEMORY REGISTERS~

* LENGTH OF BLOCK TO BE
* MKT2~ROVER

~~~

T. p,.t.<". ~,..Q(",~,A f ,'-' L,t k j . b J_
, ~~ ~MJ.. t~-p (~{\~\,-~J c-1i:~\)(1 'iov:tt (,....~, .

READG( ROVER ),;
MKSIZE~MKRANK+SHAPEOFFSETJ

MKSIZE~MKSIZE+MKNELTS;

MKT2~MEMDATAL PAUSE,;
MKP~MKT2;

WHILE P.SIZE<N DO,;
p~p.NEXT';

FRETURN IF P=ROVERJ
ENDWHILEJ

FUNCTION MAKE( NELTS~ RANK ),;
GLOBAL CELL ROVER';
POINTER P; INTEGER NJ
P~ROVER';

N~2+RANK+NELTS;

**
**
**
**
**

*
** M~KE()

* CALL:
*
** SETS:

*
*
** USES:

**
**
**
**
**
**

MKSEARCH: READTESTG( MKP )J
MKTl~MKSIZE EOR -I';
WAITREADJ
MKTl~MEMDATAR+MKTl PIJ
GOTO MKFOUND IF CARRY}

* MKTl~P.SIZE-N

* p.SIZE>=N

READTESTG< MKP PI ),;
MKP~MEMDATAL PAUSE,;

MKTl~MKP EOR MKT2;
GOTO MKSEARCH IF MKTl'0,; * PIROVER

* THERE IS NO BLOCK CONTAINING N OR MORE WORDS.
GOTO MKGOF;

**** (P+P.SIZE).PREVFREE~FALSE;

** ROVER~p.NEXT;

MKFOUND: MKT2~MEMDATAR+MKP; * MKT2~P+P.SIZE

GOTO GERR IF CARRY,;
TESTGRMW( MKT2 );

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

WAITREAD;
MEMDATAR~MEMDATAR;



C~

MEMDATAL~MEMDATAL AND PREVFREEC ANDWRITE;

READG( MKP PI ); * READ 2ND HEADER WORD OF P
MKT2~MEMDATAL PAUSE; * MKT2~P.NEXT

MKT3~MEMDATAR; * MKT3~P~BACK

MEMDATAL~Ml<T2; *MEMDATAR~ANYTHING; ..
WRITEG(ROVER );

**
** IF P.SIZE-N<=MAXSLOP DO;
** P~8ACK~NEXT~P.NEXTJ

** P~NEXT~BACK~P~BACK;

** p~SLOP~P.SIZE~N;

** P~THISFREE~FA~SE;

** P~PREVFREE~FALSE;

** P~RANK~RANKJ

* A FREE BLOCK WITH MORE THAN MAXSLOP WORDS OF SLOP WILL BE SPLIT.
TESTLESS( MKTl~ (MAXSLOP+l)~ MKSPLIT )J

**
**
**
****
****
**
** ,

SETNEXT< MKT3~ OOKT2 );

SETBACK( MKT2~ MKT3 )J

MKTl~MKTl L8J
MEMDATAL~MKTI OR MKRANKJ

ELSE DOJ
P.SIZE~P.SIZE-NJ

(P+P.SIZE-l).SIZE~P.SIZE

P~P+P.SIZE:J ,-
P.THISFREE~FALSE;

P·.·PREVFREE~TRUE;
P'~SLOP~0J

P.RANK~RANK;

* P.BACK.NEXT~P.NEXT

* P.FLAGS~ •••

**
** END IF;
** P.SIZE~NJ P.RFC~lJ P.NELTS~NELTSJ BLOCKPTR~PJ

** SRETURNJ
** [NDr-UNCTION;

c

MKSPLIT:

MKY~:

GOTO MKYJ
MEMDATAL~THISFREEBJ

MEMDATAR~MKTIJ

WRITEG< MKP );

MKP~MKP+MKTl;

.MKT2~MKP-IJ

MEMDATAL+:Ql;
MEMDATAR~MKTIJ

WRITEG( MKT2 );

MEMDATAL~MKRANK OR PREVFREEBJ

MEMDATAR~MKSIZEJ

* P.FLAGS ARE UNCHANGED
* RECALL MKTl=P.SIZE-N

* P.FLAGS~ •••



c

c

c·

WRITEG< MKP )j * WRITE 1ST HEADER WORD OF P
MEMDATAL~lj MEMDATAR~MKNELTS;

WRITEG< MKP PI )J * WRITE 2ND HEADER WORD OF P
MEMDATAL~MKPj *MEMDATAR~ANYTHINGJ

WRITEG< BLOCKPTR )J

RETURN;



-- RETURN A GIVEN BLOCK OF STORAGE TO THE FREE POOL.
FRP~POINTER; CALL FREE.
FRSIZE <TO HOLD A BLOCK SIZE)
FRT1 (TO HOLD A POINTER TO AN ADJACENT BLOCK~ OR ••• )
FRT2 (IN CONJUNCTION WITH FRT1~ TO HOLD A PAIR Or"J=iOINTERS)

ARE FOUR CASES TO CONSIDER WHEN FREEING A BLOCK:
NEITHER THE PRECEDING NOR THE FOLLOWING BLOCK IS FREE;
THE FOLLOWING BLOCK IS FREEJ
THE PRECEDING BLOCK IS FREE;
BOTH ADJACENT BLOCKS ARE FREE.

fUNCTION FREE( P }J

DECLARE Q.J
P.SIZE~P.SIZE+P.SLOPJ

Q~P+P.SIZE.J

THERE
1 •
2."
3~

4.

*
** FREE ( )
* CALL:
* USES:

*
*
*
*
*
*
*
***
**
**** ;
**

c

FREE:

**
**
**
**

READTESTG< FRP ); * READ 1ST HEADER WORD OF P
FRSIZE~MEMDATAL AND SLOPS PAUSE.J* MiMDATAL$SLOp- = P.SLOP &
FRSIZE~FRSIZE R8J * MEMOATAR = P.StZE
FRSIZE~MEMDATAR+FRSIZE;

FRTl~FRP+FRSIZEJ * FRTl~P+P.SIZE

IF P.PREVFREE=FALSE DO;
I~ Q.THISFREE=F'ALSE DO;

Q"PREVFREE"TRUE;

FRCASE1:

****
****
**

GOTO F'RCASE34 IF MEMDATAL$PREVFREE=lJ * MEMDATAL$l=P.PREVFREE
READTESTG< FRTl )J * READ 1ST HEADER WORD OF Q
GOTO FRCASE2 IF MEMDATAL$THISFREE=l PAUSE;
MEMDATAR~MEMDATAR; * Q.SIZE IS UNCHANGED
MEMDATAL~MEMDATAL OR PREVFREEB ANDW~ITE; * Q.PREVFREE~l

P.NEXT~ROVER.NEXT;

P·.'BACK~ROVERi

P '''SACK. NEXT ~P ;
P "NEXT".-BACK~P;

READGC ROVER );
FRTl~MEMDATAL PAUSE;
TESTGRMW< FRT 1 PI);
FRT2~MEMDATAL PAUSE;
MEMDATAR ..MEMDATAR;
MEMDATAL..FRP AND WRITE;

* FRTl"ROVER
* SETNEXT< FRTl~ FRP )
* FRT2~ROVER.NEXT

* ROVER.BACK·'IS UNCHANGED
* ROVE:R'''NExr~p

SETBACK( FRT2~ FRP ); * ROVER·NEXT.BACK"P

**
**

MEMDATAL~FRT2J MEMDATAR~FRTl;

TESTGWRITE( FRP PI );

ELSE DO;

* SET P.NEXT AND P.BACK
* WRITE"2ND HEADER"WORD OF P



**
**
**

FRCASE2 :

**
**
**
**

P.SIZE~P.SIZE+Q.SIZEJ

P .·NEXT~Q·."NEXT J

P .·BACK~Q·"8ACKJ

GOTO FRCASE12Y;
FRSIZE~MEMDATAR+FRSIZEJ

READTESTG( rRTl PI )J
rRTI~MEMBATAL PAUSE;
rRT2~MEMDATAR;

MEMDATAL~rRTIJ MEMDATAR~rRT2J

TESTGWRITE( flRP PI )J

P.NEXT.BACK~P;

P·.·BACK"·NEXT~PJ

ROVER~P .;

SETBACK( FRTII flRP )J

SETNEXT( FRT21 FRP );

* MEMDATAR CONTAINS Q.SIZE
* READ 2ND HEADER WORD OF"g
* FRTI~Q.NEXT

* FRT2 ~Q "."BACK
* SET p.NEXT AND P.BACK
* WRITE"2ND HEADER""WORD OF P

* Q.NEXT.BACl{~P

* Q.BACK.NEXT~P

c

*MEMDATAL~FRP; *MEMDATAR~ANYTHINGJ

WRITES( ROVER }J * ROVER~P

**
** ENDIFJ
** P.THISFREE~TRUE,;

FRCASE12Y: MEMDATAL~THISFREE8J MEMDATAR~FRSIZEJ

WRITES( FRP ); * WRITE 1ST HEADER WORD OF P
**
** ELSE DO;
** IF Q.THISflREE=FALSE 00;
** Q~PREVFREE~TRUEJ

GOTO FRALLYJ
FRCASE34: READTESTG( FRTI ); * READ 1ST HEADER WORD OF Q

GOTO FRCASE4 IF MEMDATAL$THISFREE=l PAUSE;

MEMDATAR~MEMDATARJ * Q.SIZE IS UNCHANGED
MEMDATAL~MEMOATAL OR PREVFREEB ANDWRITE; * Q.PREVFREE~l

**** ELSE DO,;
** P.SIZE~P.SIZE+Q.SIZE;

** Q"BACK.NEXT~Q.NEXTJ

** Q~NEXT~BACK~Q~8ACKJ

rRGASE4:
GOTD FRCASE34Y;
rRSIZE~MEMDATAR+rRSIZEJ

READTESTG( FRTI PI )J
rRTl~MEMDATAL PAUSE;
FRT2~MEM9ATARJ

SETNEXT( FRT21 FRT! }J

* MEMDATAL CONTAINS Q.SIZE

* READ 2ND HEADER WORD OF Q
* rRTl~Q.NEXT

* FRT2 ~Q '''BACK

* Q.BACK.NEXT~Q.NEXT



C~· **
**
**
**
**

SETBACK( FRTl, FRT2 );

ENDIF;
P"P-(P-l).SIZE;
P.SIZE~P.SIZE+(P+p.SIZE).SIZE;

ROVER"P'; .,

FRCASE34Y: FRTl"F'RP-l;
READTEST6( FRTI );
WAITREAD;
FRTl ..MEMDATAR EOR -1;
F'RP"FRP+rRTl PI.;

TESTGRMW< FRP );
WAITREAD;
FRSIZE ..MEMDATAR+FRSIZE;
MEMDATAR ..FRSIZE;
MEMDATAL..MEMDATAL ANDWRITE;

* F'RTl"P-l

* MEMDATAR HAS <P-l).SIZE
* F'RP"P-(P-l).SIZ~

* READ 1ST HDR WORD OF NEW P

* P.FLAGS ARE UNCHANGED

MEMDATAL..FRPJ *MEMDATAR"ANYTHING;
WRITEGC ROVER );

**** ENDlr;
** <P+P.SIZE-l).SIZE"P.SIZEJ
** RETURN;
** ENDrUNCTION;

rRALLY:

*
*
*
*

FRTl"F'RP+rRSIZE;
FRTl"F'RTl-l; * rRTl"P+P.SIZE-l
MEMDATAL"0J ,; MEMDATAR ..FRSIZE,;
TESTGWRITE( F'RTI ) ANDRETURN;

END,;
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