
************************************************************************ 
* * 
* APL'\METALJ * 
* MICROCODE * 
* * 
* CRMS * 
* 1 9 72 - ? * 
* * 
* PAUL MCJONE.c:: * 
* * 
************************************************************************ 

* * ABBREVIATIONS 
DECLARE MACRO OM+- DECLARE MACRO; 
DM DR+- DECLARE REGISTER; 
OM DC +- DECLARE CONSTANT; 

* OM MASK<M,N) +- (2t(]6-CM))-2tCJ5-CN))); 
* 
* 
* INSTRUCTION MODIFIERS 
OM ANDRETLJRN +- J; OM ANDJUMP +- J; 
OM ANDREAD +- MR; 
OM ANDWRITE +- MW; 
DM PALISE +- PZ; 

* * META~ CONDITIONS 
OM CARRY+- CONDITIONS$0=1; 
OM NOCARRY +- CONDITIONS$1il=0; 
OM OVERFLO~ +- CONDITIONS$J=J; 
0~ NOOVERFLOW .. CONDITIONC::JJ=lil; 
OM SPILL+- CONDITIONSi2=J; 
OM NOC::PILL +- CONDITIONS$?=0; 
* 
* C::TATEMFNTS 
~E' L +-..zE.,;>g.....z E~ ~ 
OM CALL+- LINK+-*+LJ. GOTO; 
DM CALLFCROLITINE,ONFAILLJRE) .. LINK+-*+6 ■ 

DM RETllRN +- GOTO lil IX; 
OM RETllRNIFCP) .. GOTO 0 IF P IY; 

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

* METAL! CARRY BIT SET? 
* 
* 
* 
* 
* 

RESET? 
OVERFLOW .SET? 

RESET? 
SHIFT BIT SET? 

RESET? 

* USAGE: CALL ROUTINE; 
GOTO ROUTINE. GOTO ONFAILURE; 

* THE FOLLOWING TWO MACROS CLOBBER THE REGISTER TEMP ■ 

DM TESTE(.)l!AL<REG,X,ONFAILURE) +- TEMP+-REG EOR x. 
GOTO ONFAILURE IF TEMP#0J 

DM TESTNOTEr.'\LIALCREG,X,ONFAILURE) .. lEMP+-REG EOR X ■ 

GOTO ONFAILURE IF TEMP=lil; 
* 
OM TESTLESS<REG,X,ONFAILURE) +- ZERO+-REG-X. GOTO ONFAILURE IF CARRY; 
OM TESTNOTLESSCREG,X,ONFAILURE) .. ZERO+-REG-X ■ GOTO O~FAILURE IF NOCARRY; 
* MACROS TO READ AND WRITE ANY SEGME~T. 
OM READ<ADDR) .. MEMADDR+-ADDR MR; 
DM WRIT~CADDR) .. MEMADDR+-ADDR M~; 

* DM READLCADDR) +- MEMADDR+-LFIRST+AODR MR; 
OM READG<ADDR) .. MEMADDR+-GFIRSl+ADDR MR; 

---------------------~-----------""'"---------'--~/ 



* 
DM WRITELCADDR) ~ MEMADDR~LFIR~T+ADDR MW; 
DM WRITEGCADDR) ~ MEMADDR~GFIRc::T+ADDR M~; 
* 
DM RMWLCADDR) ~ MFMADDR~LFIRSl+ADOR MR M~; 
* 
D~ WAITREOD ~ ZERO~MEMDATAL pz; 

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

O,' 
0~ READTESTPCADDR> ~ MEMADDR~PFIR~T+ADOR MR• J 

ZERO~PNLEN+ADDR• GOTO PtRR IF CARRY; 
OM READTE~TLCADDR) ~ READLCADDR). ZERO~LNLEN+ADDR. GOTO LERR IF CARRY; 
OM READTESTGCADDR> ~ READGCAODR). ZERO~GNLEN+ADOR. GOTO GERR IF CARRY; 
OM TEC::TL~RITECADDRl~ ZERO<-LNLEN+ADDR• GOTO LERR IF CARRY• WRITELCADDR); 
DM TESTG~RITECADOR)c- ZERO~GNLEN+ADDR• GOTO GERR IF CARRY• WRITEGCADOR); 
OM TESTGRM~CADDR> ~ ZERO<-GNLEN+ADDR• GOTO GERR IF CARRY• 

MEMADOR~GFIRC::T+AOOR MR M~; 
* 
OM INCLTOP ~ LTOP~LTOP+J. ZERO~LNLEN+LTOP. GOTO C::TKOFI IF CARRY; 

* * MULTIPLY TWO 16-BIT t:iUANTITIES: <T,A)<-A*B• 
0~ MULTIPLY<A,8,T) ~ T<-0. A~A RI c::o. 

COUNTER~l6• LINK~*+2. 
T~B*T Rl c::o. A<-A SI Rl .SO D J; 



* 
* REGISTER DECLARATION~. 
CONF I GLIRE APL; 
* GENFRAL REGISTERS: 
DR ZERO .. ~; 
DR CONDITIONS .. J; 
DR LINK .. 2; 
DR FLAGS .. ~; 
DR MEMADDR .. LI; 

DR MF.MDATAL .. S; 
DR I OSTATli_c::: .. 6; 
DR MEMDATAR .. 7; 
DR PFIR_c:::T .. R; 
DR PNLEN .. 9; 
DR LFIR_c:::T .. Jfi'!J 

DR LN LEN <- 1 1 ; 
DR GFIRC::T .. 12; 
DR GNLEf\l .. 1:<; 
DR LBASE .. I Li; 

DR LTOP .. 1 S; 
DR PBASE .. 16; 
DR PCTR .. 1 7; 
DR AL .. 1 R; 

DR AR 
DR BL 
DR RR 
DR T0 
DR Tl 
DR T2 
DR T:< 
DR T LI 

DR TS 
DR T6 

... 1 9; 

... 20; 

.. ? 1; 

.. 22; 

.. 2~; 

.. 2LJ; 

.. 25; 

.. 26; 

... 2 7; 

.. 2RJ 
DR T7 .. 29; 
DR TR .. 10; 

DR COUNTER .. l ; 

* ASSORTED FLAG BIT_c::: 
* 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 SEGMEf\T (re.- _!)fi>f) 
* 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 CPBASE RELATIVE> 
* AL,AR J_c::: THE 
* PRIMARY ACCUMULATOR 
* BL,BR IS THE 
* _c:::ECONDARY ACCUMULATOR 
DR FIR_c:::TBYTE .. 22; * u_c:::uALLY HOLDS CURRENT SYL· 
DR _c:::EG .. 2~; 
DR ADDRESS .. 2LI; 

DR T9 .. 11; DR TEMP ... ~J; 
* REGI_c:::TERS FOR GENSCALAR: 
DR OPNO ... 22; * INDEY IN G_c:::TAB c_c:::AME REGISTER AS FIRSlBYTE) 
DR APTR .. 21; * CURSOR IN FIRST OPERAND 
DR BPTR .. 2LJ; * CURSOR IN SECOND OPERAND 
DR NELTS .. 25; * COUNTER <SAME AS MKNELTS BELO\tn 
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 ... 2RJ * EYPONENT OF FLOATING-POINT RESULT 
DR A S I G N .. 2 9 ; * S I G N OF R ES ULT 
DR FTl ... ~0; * TEMP 
DR FT2 +- :< 1; * TEMP 
* REGISTERS FOR MAKE<>: 
DR MKNELT_c::: .. 25; * NUMBER OF ELEMENTS IN ARRAY TO ALLOCATE 
DR MKRANK .. 26J * RANK FOR NEW ARRAY BLOCK 
DR MKP .. 27; * POINTER TO NE\,., ARRAY < ON RETURt FROM MAKE<)) 
DR MKSIZE .. 2RJ * SIZE 7 0F NEW ARRAY BLOCK <ON RETURN FROM MAKE<>> 

... _, 



DR MKTl 
DR MKT2 
DR MKT~ 
* REGI~TER~ 
DR FRP 
DR FR~I ZE 
DR FRTl 
DR FRT2 

-.-.------

<- ?.9; * TEMP 
<- :< 171 ; * TE MP 
<- :< 1 ; * TE MP 

FOR FREE<): 
<- 2R; * POINTER TO ARRAY BLOCK TO FREE 
<- 2 9; 
<- :<17); 

<- ~ J ; 



* 
* FLAG RI TS 

* HERE ARE MACROS TO C:::ET AND CLEAR BITS OF THE FLAG REGIS1ER --
* THE ARGUMENT FOR EACH IS A MASK ~ITH A 1 FOR EACH BIT TO BE AFFECTED ■ 

BM CLEARFLAGCBITC:::) .... FLAGS+-FLAGS AND Cfi'I-CBITS)-J); ' 
DM SETFLAGCRITS) .... FLAGS+-FLAGS OR BITS; 

I. 

* HERE ARJ.' 
DC PCB I~ 
DC PCBJLJ 
DC PCB!S 

* DC 
DC 
DC 
DC 
DC 
DC 

* 
DC 
DC 
DC 

NLJMOP 
MONOP 
AC:::CALAR 
RC::CALAR 
RARRAY 
INTRPT 

IMODF .... 

FCNCTRC 
FCNRTRC 

DC STEP 
* 
DC I ORG 

THF DEFINITIONS OF THE BIT POSITIONS ■ 

.... 0; * THESE THREE BITS 

.... J; * MUST BE LEFTMOST 

.... 2; DC PCB!SBIT .... 0200008; * IN FLAGS 
DC PCLO½B .... 1600008; 

.... 'l • 
' , DC NLIMOPB .... O! 1 fi'lv'll7l08; 

.... LJ; DC MONOPB .... (iJ (,)l LJl7)0\ (.)18; 

.... S; DC AC:::CALARB .... 9lr?i29lfi'IOJB; 

.... 6; DC BC:::CALARB .... 17Jfi'llfi'l(i'J(7JB; 

.... ?; DC PARRAYB .... r?il7!0!LJOl(7JB; 

.... p: ; DC INTRPTB .... (i\(7Jl7)29l9!8; 
DC OPFLAGSR .... OJ176(7117JB; 

l 1 ; *BIT ON MEANS THAT IN1EGER OPERATIONS l--1 ILL BE 1RIED 
.... 1 2 ; 
.... 1 :, ; 

.... 1 S; DC IORGB .... OI0\17Jl7J(7118; * THIS FLAG MUS1 BE RIGH1MOS1 

VL UffJObl t-10 

) t 10f I? '"- 1 0 I' 
\) .... 

,~ > 
• C: 



* * INTERPROCESSOR COMMU~ICATION 

* 
* IPC FLIPFLOPS <IO~TATUS BIT POSITIONS) 

DC FFSAREAD ... 10; * READ FF[SAJ 
DC FFSARST ... 12; DC FFSARSTB ... 00001~8; * RESET FFCSAJ 
DC FFASSET ... J~; DC FFASSETB ... 001710filn8; * SET FFCASJ 

* * ADDRE~SES OF COMMUNICATION \..'OROS 

DC APLCOMWD .. n57B; * SIMPLE-TO-APL COMMAND ~ORD 
DC APLSTAT\..10 ... Li6fil8; * APL-TO-SIMPLE STATUS WORD 
DC APLDSEGWD ... n61B; * DATA SEGMENT DESCRIPTOR \..ORD 
DC APLP SEG171 WD ... n62B; * PROCEDURE SEGMENT DESCRIPTOR WORD 
DC APLPSEG! WO .. Li6~B; * ALTERNATE PROCEDURE SEGMENT DESCRIPTOR WORD 

* 
* STATUS CODES ISSUED BY THE APL PROCESSOR 

DC STATI.-JHOOPS +- 1; * "WHOOPS, STARTED lt-'HILE RUM\IING" 
DC ~TATOK ... 2; * "OK, STOPPED" 
DC STATTRAP ... ~; * "TRAP" 



* 
* PROC~DURF BLOCK~ 
* l~T ~ORD, LEFT HALF: 
DC CALLTRACE ~ 1; 
DC RTNTRACE ~ 2J 

DC RE~ULT ~ ~; 
DC NLINESB ~ 0077778; 

* l~T WORD, RIGHT HALF: 
DC NARGSB ~ 170~008; 
DC NLOCAL~B ~ ~077778; 

* P~OCEDURE BLOCK-RELATIVE ADDRESS OF FIR~T CODE SYLLABLE: 
DC CODEOFFSET ~ 2; 



* * DATA SEGMENT STATE AREA 

DC .C::R.C::P <- (il; * CONTAINS .C::RAC::E, .C::PTR 
DC FLLB <- I ; * CONTAINS FLA G.C::, LBA.SE 
DC TRAPINFO <- 2; * GETS TRAP CLA.C::.c::, NUMBER 
DC C::A VENO <- ~. , * C::AVE NELT.C::, OPNO AFTER INTERRUPT OF GENOP 
DC C::.AVEAB <- L!; * APTR, RPTR 
DC SA VERX <- s; * RPTR 
DC ROVER <- 6; * FREE POINTER FOR ARRAY .C::PACE 
DC BLOCKPTR <- 7; * PDDRESC:: OF LAST ARRAY BLOCK ALLOCATED 

* DC GLORALOFF.C::ET <- 8; * G-RELATIVE ADDRESS OF FI R.C::T GLOBAL VARIABLE 



* * DESC~IPTOR TYPES 
DC FL OT YP E ... l ; 
DC INTTYPE ... 2; 

* NLW1ERIC SCALAR Il\1 

* NUMERIC SCALAR IN 
FLOATING-POINT FORMAT 
I NT EGER FOR M?I. T 

DC CH TYPE ... '.:\; * CHARACTFR ~CAL~R 
DC AR YT YP E ... LJ ; * PRR/'.'\Y 
DC REF T YP E ... 5 ; * INDIRECT PARAMETER 
DC UNDFTYP E ... 6; * UNSPECIFIED VALUE 
* 
* DESCRIPTOR TEMPLATE~ 
DC FLOTYPEB ... (i'\LJO\fiHi'.)0\8; 

DC I I\ITTYPER ... Oi?li'llil1711ilRJ 
DC CHTYPER ... O,JvHilOl(iJR; 

DC ARYTYPEB ... O\O\LJ/7\1710\8; 
DC REFTYPER ... 171fi121il!71ril8; 
DC UNDFTYPEB ... Oili)Jli'j(i'lfi18; 

* 
* MASKS FOR INTERESTING SETS OF TYPES 
DC NUMTYPEB ... 0600008; * NUMERIC SCALAR TYPES 
DC SCATYPEB ... Oi7!71001il8J * SCALAR TYPES 
* 
* FIELDS OF A FLOTYPE VALUE <FLOATING-POINT NUMBER> ■ 

* LEFT HALF: 
DC <; I GN ... f7I; DC <; I GNB ... 1000017)8; DC SIGNC ... 0777778; 
DC COEFB1 ... l; 
* RIGHT HALF: 
DC C OE F B 2 '.:\ <- 7 ; DC COEFB21BIT ... fil(7J(i1 Lll7)(i18; 
DC ROUND 1 ... R; 
DC ROLJND2 ... 9; DC ROUND2B ... fil 0(7) 101?1B; 
DC <; T I C KY ... 1 fil ; DC STICKYB ... (7)1?'1(i'l(ijLJli'j8; 

DC EXPB ... v'lf7101778; DC EXPC ... 1 77L.i00B; 
j t,·A 

.:_' ~o\ 
tJ..-/·'//> t c..~ 1" 

* 
DC EXPBIA<; ... 2!7108; 
* 
DC FLPTlL ... 17\LlliJ(i'IOi(71R; DC FLPTlR ... 001?'12008; * FLOAlING-POINT ONE 
* 
* OPCODE RITS 
DC OPCBO! ... R • . , * 1 XXXMM[ViM 
DC 0PCR1 ... 9; * XlXXMMMM 
DC 0PCB2 ... 1 Ol ; * XXJXMMMM 
DC OPCB~ ... 1 1 ; * XXXlMMMM 
DC OP CB LI ... 1 2 ; * XXXYlXXY 
DC OPCBS ... 1 ~ ; * XXYXXIXX 
DC OPC86 ... 1 LI ; * XXXXXXlX 
DC OPC87 ... 1 5; * XYXXXXXl 
* 
* ARRAY RLOCKS 
* MACRO TO SET NEXT POINTER IN FREE BLOCK ■ 

OM SETNE:XT<PTR,VAU ,_ TESTGRM\.\1CPTR Pl)• v-.lAITREAD ■ 

MEMDATAR+-MEMDATAR ■ MEMDATAL<-VAL AND~RITEJ 
* MACRO TO SET BACK POINTER IN FREE BLOCK ■ 

OM SETRACKCPTR,VALl ... TESTGRMWCPTR Pl). WAITREAD ■ 

MEMDATAR+-VAL ■ MEMDATAL<-MEMDATAL AND~RITEJ 



* FIELDS IN 1ST HEADER WORD: 
DC THIC::FREE ~ 91; DC THI.SFREEB ~ J(,7)~910918; 
DC PREVFREE ~ J; DC PREVFREEB ~ !7!417)091918; 

DC <::LOPB 
nc RANKB ~ !7!091'l778; 

DC THISFREEC ~ 077777B; 
DC PREVFREEC ~ 1~7777B; 

* MAXIMUM .C::LOP ALLOWED• THI.C:: .SYMBOL I.C:: REFERENCED IN EXACTLY ONE PLACE, 
* IN THE ROUTINE MAKEC). 
DC MAX.C::LOP ~ 4~ 5/" 

j".-. ) ~ / ;, / 

* ARRAY BLOCK-RELATIVE ADDRESS OF FIR.ST SHAPE ~ORD: 
DC .C::HAPEOFF.C::ET ~ 2; 
* 
* MI.C::C. 
DC P.C::EG.C::EL ~ LJ; 

* 
DC LS EG ~ 91; 
DC G.SEG ~ 1; 
* 

DC P.SEG.C::ELB ~ !7!17.1LJ91!7!08; 
DC FCNOB ~ 910~7778; 

*LOCAL.SEGMENT 
* GLOBAL SEGMENT 

se-o~~~T ~ 2; * ONE MICROINSTRUCTION OCCUPIES Twrr WGRD.C:: 
* 
DC RMA.C:: K 1 ~ (,7)9117Jl7.lvl 1 8; 
DC RMA.C::KLJ ~ (,7)!7!00178; 
DC RMA.C::K6 ~ 17.117.117.10778; 
DC RMA.C::KR ~ !7!0!7!~77R; 
DC RMA.C::K12 ~ 17J07777R; 



* 
* * TRAP HANDLING. 

* 
* CLASS 

STKOFI: 
STKOF: 
MKGOF: 
STGCLASS: 

* 
* CLA.~S 2 

STl<:PTRAP: 
CA LL TRAP: 
DBGl CLASS: 
* 
RTNTRAP: 
BKPTTRAP: 
DBGCLASS: 

* 

-- STORAGE OVERFLOW 

LTOP+-LTOP-1; 
T2+-I; GOTO ~TGCLASS; 
T2 ... 2 • 
Tl --1 ; GOTO TRAP; 

- - DEBUG 

T2 <-J; GOTO DBGICLASS; 
T2 +-2; 
T 1 +-2; GOTO TRAPl; 

T2 +-1; GOTO OBGCLASS; 
T2<-LJ; 
T 1 <-2; GOTO TRAP; 

- .... 
, --

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

* AS USUAL, THESE TRAPS OCCUR 
* AT THE BEGINNING OF THE 
* INSTRUCTION 

* CLASS 1 -- SYSTEM AND/OR COMPILER ERRORS 

PERR: T2 +-1 ; GOTO <:::CCLA.C:S; 
llERR: T2 +-2; GOTO SCCLASS; ,, 
GERR: T2 --~; GOTO SCCLASS; I 
* 'UM r 

. ,,. -
STKUFERR: T2 +-Li; GOTO SCCLP.SS; 

/ ) I* ela "'~ 
WHATE.RR: T2 ... 5; GOTO SCCLASS; ( 1, f<Mr/f\ 

) 
* 
REFERR: T2 +-6; GOTO SCCLASS; 
* 
MR~YLERR: T2 ... 7; GOTO SCCLASS; 
MRUNDERR: T2 +-R; GOTO <:::CCLASS; 
* 
6:C:PNDERR! T2 ... 9; GOTO <::;CCLASS; 
GOUf\lOERR: T2<-101; GOTO SCCLASS; 
* 
ETCUNDERR: T2 ... 1 1 ; GOTO SCCLASS; 
* 
RETURNERR: T2--12; 
SCCLASC:: Tl ... ~; GOTO TRAP; 

* 
* CLASS Li -- ATTENTION 

ATTNTRAP: TJ+-LJ; GOTO TRAPN~; 

* 



* CLASS 5 -- RANK ERROR 

RANKERROR: Tl ,-5; GOTO TRAPNO!; 

* 
* CLASS 6 -- LEI GTH ERROR 

LENGTHERROR:TJ+-6; GOTO TRAPN01; 

* 
* CLASS 7 -- TYPE ERROR 

TYPEERROR: Tt~7; GOTO TRAPNO); 

* 
I 

<..:/ 

* CLASC: f< -- -DOM/'.'IIN ERRORS '5 ~£-l--' /J{TE/i.' ro.c,· 

IOF: Gt,q:'07JNTRAP01 IF 0PRET$ 1 = 1; *F.A IL IF OPCODE \A.AS = 
SK1P2 IF 0PRET$2=0!; *SKIP IF OPCODE IS NOT < 
c,e1TQ (J:.blTRAPO! IF ASIGN=O!; *FAIL IF UNDERFLOW t/i I ( . ~} 
~NTRAPt; *SLIG.c..EED IF OVERFLOv: l~ • ~......vb '

1 
. 

T~TO DOMCLASS; ~v, ~ 
tLA<,.~f Uff1oo€-=-f7 0 &f N01J-UJ/!}~RFUtv /,;,;ii - - - L, * FEXPUF: GOTO UNTRAPO! IF Gf>RCH: 1 =-l; *F.A-H:-" IF" EIFCODK WA!>. -

'FEXPOF: 
r2--2;, GOTO DOMCLAc:;s; ,Rf' 
GOTO 1"F''TR/\P'21 IF 0PRET5,V= 1; 
T2--~;~0TO DOMCLASS; 

C Pi· 

~~L IF OPCODE wA~ -
>l. F.AL~/f AL;MK~ ff &,/'£0,t' ~s l.1t.,,.: 

*LINT~AP RECAUSE OPCODE WAS= OR< AND WE \A.ANT TO SUCCEED OR FAIL 
UNT~APO!: OPRET~GOOPRET; GOTO 0PRETURN0; *FAIL 
UNTRAPl: OPRET+-GOOPRET; GOTO OPRETURNI; *SUCCEED~/; 
* 
fl I V'i'lf.RR: T2+-~; GOTO DOMCLASS; 

DOMAINERROR:T2--5; 
DOMCLASS: Tl+-f<; GOTO TRAP; 

* 
* CLASS 9 -- INDEX ERRORS 

IXRNARGERR:T2+-1; GOTO IDXCLAC:S; 
INDEXER~OR: T2 +-2; 
IDXCLASS: Tl +-9; GOTO TRAP; 

* 
* CLAC:S 1 'i'l -- VALLIF ERROR 

VALLJEERROR:Tl +-JOI; *GOTO TRAPNO!; 

* TRAP OF CLASS ~HICH TAKES NO NUMBER ■ 

TRAP NO!: T2 +-0; 
*GOTO TRAP; 



* 
* HANDLE A TRAP ■ CT1,T2> CONTAIN THE TRAP CCLASS,NUMBER>, WHICH ~ILL \ 
* 8~ STORED IN THE STATE AREA OF THE DATA SEGMENT ■ 0 MUST BE 
* DECREMENTED BY t+FLAGSJPCLO~. IF FLAG~~RARRAY=!, BLOCKPTR COi 1AIN.C:: 
* THE ADDRESS OF AN ARRAY l•HICH SHOULD BE FREED. THE -A PROCESSOR 
* I~ READY TO STOP ■ TRAPS ~HICH ~HOULDN'T DECREMEN1 1HE PCTR CSTEPTRAP 
* AND CALLTRAP> CAN BE HANDLED BY ENTERING THROUGH TRAP! ■ 

* SET Tl TO VALUE OF LEFTMOST 3 BITS OF FLAGS CI ■ E ■ FLAGS$PCL0~). 
TRAP: T3 .... FLAGS RR; 

T3 .... T3 RJ; T:«-T3 RJ; T3 .... T3 Rt; T3<-T3 Rt; 13<-T3 RU 
* SET PCTR TO PCTR-CT3+1 ). 

T3 .... T3 EOR -1; 
PCTR .... PCTR+T1; 

* STORE TRAP INFORMATION IN STATE AREA OF DATA SEGMENT ■ 

TRAP]: MEMDATAL .... Tl; MEMDATAR .... T2; 
WRITEGC TRAPINFO ); 

* SET Tl TO STATUS CODE TO BE ISSUED BY STOP ■ 

Tl .... STATTRAP; 
GOTO STOP IF FLAGSfRARRAY=0; 

* RELEASE THE v.OLILD-BE RESLILT ARRAY, AFTER CLEARING FLAG.C::$RARRAY 
* TO MAKE A "TRAP LOOP" TOTALLY IMPOSSIBLE>• 

READGC BLOCKPTR ); 
CLEARFLAGC RARRAYB >; 
FRP <-MF.MDATA L PALIS E; 
CALL FREE; 

* SET FLAG~JRARRAY TO 1 AGAIN CTO HELP DEBUGGING> AND STOP ■ 
SETFLAGC RARRAYB ); 
GOTO STOP; 



* 
* SPECIAL TRAP HANDLERS FOR CONDITIONS E~COUNTERED DURING STAR1 UP ■ 

* PROCES~OR STATE HASN'T BEEN LOADED YET, SO THE ORDINARY TRAP LOGIC 
* <WHICH SAVES THE STATE> CAN'T BE USED ■ ALL ARE CLASS~! 

* 
* "LERR" 

STLERR: 

* 
* "Gi:;"RR" 

STGERR: 

* * "STKLIFERR" L-j 

STSTKL1FERR:T'2+-/ *GOTO STSCCLASS; 

STSCCLASS: MEMDATAL+-~; MEMDATAR+-T2; 
WRITEG< TRAPINFO ); 

sB/4513 

18/J-<;,t: > ::-- - LT.JP 

* SET Tl TO STATUS CODE FOR STOPSTOP ■ 
Tl ... ~ TATTRAP; 

* 
GOTO ~TOPSTOP; 



* * THE APL PROCE.SSOR RECEIVED A COMMAND ~HILE RUNNING, AND ~ILL STOP 
* REGARDLESS OF WHETHER THE COMMAND v.1AS STOP OR STAR1 < THE ONLY 
* DIFFERENCE IS THE STATUS RETURNED) ■ FIRST THE SIMPLE-TO-APL FLIPFLOP 
* MUST BE RE~ET ■ THFN THE STATUS CODE ~ILL BE DETERMINED ■ 

STOPP FD: 
* 

IOSTATUS+-FFS/">R~TB; IOSTATUS+-/71; 

READ< APLCOMWn ); 
* COMMANDS ARE /71 FOR STOP, 1 FOR START ■ 

* SET T 1 TO STAT! IS TO BE RETURNED: 
* STATv.lHOOPS FOR "vvHOOPS, STARTED v.1HILE RUNNING" 
* STATOK FOR "OK, ~TOPPED" 

WA !TREAD; 
Tl .... c: TA TOK; 
GOTO STOP IF MEMDATAR$15=/71; 
Tl +-C:TATv.1HOOPS; 

*GOTO STOP; 



* 
* THE PROCESSOR rs TO STOP ■ Tl SHOULD CONTAIN A STATUS CODE TO BE 
* lSC::lfED ■ STORE PCTR IN THE CURRENT ST_l'.\CK FRAME; STORE LTOP, LBASE, 
* AND FLAGS IN THE STATE AREA OF THE DATA SEGMENT ■ 

STOP: 

* 

* 

RMh'L< L8ASF Pl ); 
\'1A I TREAD; 
MEMDATAR~PCTR; MEMDATAL~MEMDATAL ANDWRITE; 

MEMADD~~GFIRST+SBSP MR MW; 
WA I TREAD; 
MEMDATAR~LTOP; MEMDATAL~MEMDATAL AND~RITE; 

MEMDATAL~FLAGS; MFMDATAR~LBASE; 
\•/RI TEG C FLLB ) ; 

* ISSUE STATLlc:; CODE ■ 

STOPSTOP: MEMDATAL~~; MEMDATAR~Tt; 
WRITE< APLSTAT~D ); 
IOSTATLIS~FFASSETB; IOSTATUS~(i'I; 

* ENTER IDLE STATE ■ 

*GOTO IDLE; 



* 
* THE APL PROCES~OR .STAYS IN IT S IDLE LOOP UNTIL IT RECEIVE.S A .START 
* COMMAND ■ CSTOP COMMAND~ RECEIVED ~HILE IDLING ARE IGNORED ■ > 

IDLE: TEMP--IO~TATUS; 
GOTO IDL~ IF TEMP$FFSAREAD=~; * NO COMMAND 

* THE .c;IMPLE-TO-APL FLIPFLOP I.S .SET ■ RE.SET IT AND EXAMINE THE 
* ASSOCIATFD COMMAND WORD IN CENTRAL MEMORY ■ 

* 
READC APLCOMWD ); 

* ONLY THE LO~ ORDER BIT OF THE COMMAND ~ORD HAS MEANING: 
* ril => ~TOP, 
* 1 => .START ■ 

1,,.iA I TREAD; 
GOTO IDLE IF MEMDATAR$15=~; 

*GOTO START; 
* ALREADY STOPPED 



* * LOAD THF APL PROCESSOR STATE AND BEGIN RUNNING. 

* * THE CELLS APLDSEG~D, APLPSEG0~D, AND APLPSEGIWD CONTAIN THE 
* CBASE ADDRESS, LENGTH) OF THE DATA SEGMENT, PROCEDURE SEGMENT, AND 
* ALTERNATE PROCEDURE SEGMENT, RESPECTIVELY ■ 

* 
* THE DATA SEGMENT CONTAINS: SOME STATE WORDS, THE GLOBAL VARIABLES, AND 
* ARRAY STORA.GE SPACE C COLLECTIVELY KNO v:N AS THE "GLOBAL SEGMENT" 
* THROllGHOUT THE APL PROCESSOR); AND THE STACK CKNOINN AS THE "LOCAL 
* SEGME[\)T") • 
* 
* THE FIRST WORD OF THE DATA SEGMENT HOLDS TWO 16-BIT ~UANTITIES, SBASE 
* AND SPTR ■ SBASE IS THE LENGTH OF THE GLOBAL SEGMENT, WHICH IS 
* Er:)LJAL 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 THESF' <=1LIANTITIE.c: I.\E COMPUTE THE VALUES FOR THE BASE-BOUND 
* REGISTERS GFIRST, GNLEN, LFIRST, AND LNLEN, AND THE VALUE FOR LTOP ■ 

START: READ< APLDSEGWD ); 
* THE BASF OF THF DATA SEGMENT IS THE BASE OF THE GLOBAL SEGMENT ■ 

GFIRST<-MEMDATAL PAUSE; 
TEMP<-MEMDATAR EOR -1; * TEMP<--1-<DATA SEGMENT LEN> 

* READ WORD OF DATA SEGMENT WITH SBASE, SPTR ■ 

READGC SBSP ) ; 
* SET GNLEN TO -SBASE ■ 

GNLEN<-MEMDATAL EOR -I PAUSE; GNLEN<-GNLEN+J; 
* SET LFIRST TO SBASE+<BASE OF DATA SEGMENT). 

LFIRST<-MEMDATAL+GFIRST; 
* SET LNLEN TO -<LENGTH OF DATA SEGMENT - SBASEl 

LNLEN ... MEMDATAL+TEMP Pl; 
* SET LTOP TO SPTR ■ 

LTOP<-MEMDATAR; 
* 
* THE SECOND WORD OF THE DATA SEGMENT CONTAINS VALUES FOR THE REGISTERS 
* FLAGS AND LBASE ■ 

* 

READGC FLLB ); 
FLAGS<-MEMDATAL PAUSE; 
LBASE<-MEMDATAR; 

* NOW WE MUST CHECK THAT GNLEN, LNLEN, LTOP, AND LBASE ARE 
* "REASONABLE" ■ THE FOLLOl,,JING CONDITIONS MUST BE SATI.SFIED: 
* GLORALOFFSET<=C-GNLENl 
* LBASE<LTOP<C-LNLENl 

* 

* 

ZERO<-GNLEN+CGLORALOFFSET-1 ); 
GOTO STGERR IF CARRY; 

TEMP<-LTOP EOR -1; 
ZERO<-L8ASE+TEMP Pl; 
GOTO STSTKUFERR IF CARRY; 

* GLOBALOFFSET>C-GNLEN) 

* LBASE>=LTOP 



ZERO+-LNLEN+LTOP; 
GOTO STLERR IF CARRY; * LTOP>=C-LNLEN) 

* 
* SET PFIR~T, PNLEN, PBASE, AND PCTR• 

CALL LOADP; 

* 
* NORMALLY EXECUTION BEGINS AT CYCLEl. HOWEVER IF FLAGS$INTRPT=l, 
* GENOP WAS INTERRUPTED AND SHOULD BE CONTINUED. 

GOTO GOCONT IF FLAGS$INTRPT=J; 
CLEARFLAGC PCLO¼B+OPFLAGSB ); 
GOTO CYCLE l; 



* 
* 
* LOADP <) 
* 
* SETC:: PFIRST, PNLEN, PBAC::E, AND PCTR USING THE INFORMATION IN THE 
* CURRENT STACK FRAME ■ 

* 
* USES: TR, T9, MEMORY REGISTERC:: ■ 

LOADP: READL< LBASE Pl ); 
* SET TP TO ADDRESS OF SELECTED PROCEDURE SEGMENT DESCRIPTOR, EITHER 
* APLPSEG()!WD OR APLPSEGl hD ■ 

Tf<• APLP~EG91 WO; 
GOTO LP1 IF MEMDATALJPSEGSEL=0 PAUSE; 
TP--APLPSEGJ t,,10; 

* .C::ET T9 TO FLINCTION NUMBER ■ 

LP1: T9+-MF.MDATAL AND FCNOB; 
* SET PCTR TO VALUE SAVED IN CURRENT STACK FRAME ■ 

PC TR ... MEMDATl\R; 
* ~EAD THE SELECTED PROCEDURE SEGMENT DESCRIPTOR ■ 

READ< TR ); 
* C::ET PFIRST, PNLEN FROM THE DESCRIPTOR ■ 

PFIRST+-MEMDATAL PALJC::E; 
PNLEN ... MFMDATAR EOR -1; PNLEN ... PNLEN+J; 

* C::ET PRAC::E FROM PROCEDURE\OIRECTORY[FCNOJ AND RETURN ■ 

T9+-T9+T9; 
READTESTP< T9 ); 
PBASE ... MEMDATAL PAUSE ANDRETURN; 



* 
* 
* NEXTBYTEC) 
* SETS: TEMP= NEXT BYTE OF CODE. 
* llPDATES: FLAG.C:::f.PCLOW, PCTR. 
* USES: MEMORY REGISTERS 
* NOTE: NEXTBYTEC) ASSUMES MEMDATA L,R HAVEN'T BEEN USED SINCE 
* THE FETCH AT "CYCLF". 

NEXTRYTE: FLAGS .. FLAGS+PCBJSBIT; 
GOTO NBJX IF PCTR~l~=J; 
GOTO NB!711 IF PCTR~IS=J; 

* FIRST BYTE• 
N8f71(,lf: TEMP .. PCTR R1 _; 1EMP .. TEMP Rt; 

TFMP .. PBASE+TEMP; 
RFADTEC::TPC TEMP ); 
PCTR .. PCTR+l _; 
TEMP .. MEMDATAL PAUSE R~ ANDRETURN; 

* SECOND 8YTE. 
NRl?J 1 : 

* 

TEMP .. MEMDATAL AND RMAC::KR; 
PCTR .. PCTR+ZERO Pl ANDRETURN; 

NBlX: PCTR .. PCTR+J; 
GOTO NB11 IF PCTR515=1?J; 

* THIRD BYTE. 
NBll?J: TEMP .. MEMDATAR Rx ANDRETURN; 
* FOURTH BYTE• 
NRJJ: TEMP .. MEMOATAR AND RMASKR; 

RETURN; 

* 11+1=100 CBASE 2) 



... 

* 
* 
* NEXT2 <) 
* C:ETS: TEMP= THE NEXT 16 BITS <TwO BYTES) OF CODE 
* l lPDATFS: FLAGS~PCLOv.', PCTR. 
* UC:ES: TR, T9=TEMP, MEMORY REGISTERS• 
* NOTE: NEXT?<) AC:SllMEC: MEMD.l'ITA L,R HAVEN'T BEEN DISTURBED SINCE 
* THE FETCH AT "CYCLE"• 

NEXT2: FLAGS--FLAGS+2*PCBISBIT; 
GOTO NTlX IF PCTR51~=1; 
GOTO NTrill IF PCTRitS=t; 

* FIRST & SECOND BYTES. 
NT~~: TEMP--PCTR R1; TEMP--TEMP Rl; 

TEMP--PBA<::E+TEMP; 
READTESTP< TEMP ); 
PCTR--PCTR+?; 
TEMP--MEMDATAL PAUSE ANDRETURN; 

* SECOND & THIRD BYTES. 
NT01: PCTR--PCTR+2; 

TR--MEMDATAL Us; 
TEMP--MEMDATAR RR; 
TEMP--TR OR TEMP ANDRETURN; 

* NTtX: PCTR--PCTR+2; 
GOTO NTll IF PCTRs:;15=1; 

* THIRD & FOURTH BYTE.<:;. 
NTJ~: TEMP--MEMDATAR ANDRETURN; 
* FOURTH & FIRST BYTEC:. 
NT 1 l : TR--MEMDATAR LR; 

TF.MP--PCTR RJ; TEMP--TEMP RJ; 
TEMP--PBASE+TEMP; 
READTESTP< TEMP ); 
TEMP--MEMDATAL PAUSE RS; 
TEMP--T8 OR TEMP ANDRETLJRN; 

--- ---



* 
* 
* TOP2 C) 
* ~ETS: AL,AR,BL,BR = THE TOP TWO ELEMENTS OF THE STACK ■ 

* USES: TEMP, MEMORY REGJSTERS ■ 

* ABNORMAL EXIT: c;TKLIFERR IF LTOP<LBASE+J. 

TOP2: 

* 
* TOP C) 

TEMP +-L TOP - 1 ; 
READLC TEMP ); 
TEMP+-LBASE+:l; 
TEMP+-TEMP EOR -1; 
ZERO+-LTOP+TEMP Pl; 
GOTO STKUFERR IF NOCARRYJ 
BL+-MEMDATAL PAUSE; 
BR+-1'✓.EMDATAR; 

*GOTO TOP; 

* LTOP<LBASE+J 

* CALL TOP & RETURN 

* ~ETS: AL,AR AND MEMDATA L,R = THE TOP ELEMENT OF THE STACK ■ 

* uc;Es: TEMP, MEMORY REGISTERS ■ 

* ABNORMAL EXIT: STKUFERR IF LTOP<LBASE+2 ■ 

TOP: READLTOP; 
TEMP+-LRASE+2; 
TEMP+-TEMP EOR -1; 
ZERO+-LTOP+TEMP Pl; 
GOTO STKUFrRR IF NOCARRY; 
AL+-MEMDATAL PAUSE; 
AR+-MEMDATAR ANDRETURN; 

* LTOP<LBASE+2 



* 
* 
* DECRFC C) 
* CA LL: 
* 
* OR: 
* 
* lISES: 

** 
** FUNCTION 

READC <DESCRIPTOR ADDRESS> ); 
CALL DECRFC; 
FRP~<ARRAY ADDRESS>; 
CALL DECRFCF; 
TEMP, FRP, FRSIZE, FRTl, FRT2, MEMORY REGISTERS 

DECRFCCX); 
** IF X$TYPE=ARRAYTYPE DO; 
** X$ADDR 0 RFC~X$ADDR-RFC-J; 
** IF X~ADDR-RFC>!?! DO; 
** FREEC X$ADDR ) ; 

** ENDIF; 
** ENDIF; r-; 
** RETURN; 
** ENDFUNC; 

DECRFC: 

DECRFCF: 

* 
D~FREE: 

r 

TEMP~MEMDATAL@ ARYTYPEB PAUSE; 
RETURNIFC TEM $L fiJ ); 
FRP~MEMDATAR; 
TESTGRMWC FRP Pl ) ; 
TEMP~MEMDATAL-1 PAUSE; * TEMP~CREFERENCE COUNT)-] 
GOTO DRFREE IF TEMP=0; 
MEMDATAR~MEMDATAR; * UPDATE ARRAY-RFC & 
MEMDATAL~TEMP ANDWRITE ANDRETURN;* RETURN 

MEMDATAL~~ ANDWRITE; * FINISH RM~ CYCLE 
GOTO FREE; * CALL FREE & RETURN 

( 
c ~ If r) 



* PROCESSOR MAIN LOOP 

** 
** WHILE TRUE DO; 
** FIRSTBYTE~NEXTBYTEC); 
** IF FIRST8YTEJOPCB0=0 DO; 
** IF FIRSTBYTE~OPC8J=f7J DO; 
** SHORTLOCALC) 
** 
** 
** 
** 
** 
** 

ELSE DO; 
IF FIRST8YTE$0PCB2=0 DO; 

LONGLOCGLOBC); 
EL.SE DO; r 

MEMREF <) 1 
1 

, l 11 

ENDIF; 
** END IF; 
** ELSE DO; 
** IF FIRSTBYTE$0PCB1=0 DO; 
** IF FIRSTBYTE$0PC82=0 DO; 
** IF FIRSTBYTE$0PCB~=0 DO; 

f7J10XLLLL LLLLLLLL 

011XMMMM <LOC OR GLB ~YL> 

** GEN.SCALAR C); J 017Jf7JMMMM 
** ELSE DO; 
** INDEX<); 1001MMMM 
** ENDIF; 
** ELSE DO; 
** SHORTCONSTC); ••• 101NNNNN NNNNNNNN 
** 
** 
** 
** 

ENDIF; 
ELSE DO; 

ETC C); 
ENDIF; 

** ENDIF; 
** ENDWHILE; 



* 
* 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,~ AND BRANCHING TO wLCYCLE ■ 

* 

\..'LCYCLE: l•.'R I TEL TOP; 

* HERE BEGINS THE INSTRUCTION CYCLE ■ 

* THE CALL TO NEXTBYTEC) IN THE MAIN LOOP IS CODED OPEN, AND OF COURSE 
* MUST ALWAYS FETCH THE CURRENT I NS1 RUCTION \,\,ORD ■ 

* SET EACH OF THE "TEMPOR.ARY" FLAG BITS TO ZERO ■ 

CYCLE: CLEARFLAGC PCLOWB+OPFLAGSB ); 
* GENERATE A STEP TRAP IF THE STEP MODE BIT IS SET ■ 

GOTO STEPTRAP IF FLAGS$STEP=t; 
* STOP THE PROCES~OR IF AN EXTERNAL COMMAND HAS ARRIVED ■ 

CYCLEt: TEMP~IO~TOTLJS; 
GOTO ,TOPPED IF TEMP$FFSAREAD=J; 

* FETCH THE CURRENT INSTRUCTION WORD ■ 

TEMP~PCTR RJ; TEMP~TEMP Rt; 
TEMP~PBASE+TEMP; 
READ( PFIRST+TEMP ); * READPC TEMP ) 

* INCREMENT THE PCTR ■ 

PCTR~PCTR+t; 
* TEST THAT TEMP CONTPINS A VALID PROCEDURE SEGMENT ADDRESS ■ 

ZFRO~PNLEN+TEMP; 
GOTO PERR IF CARRY; 

* NOW DISPATCH ON THE BOTTOM 2 BITS OF PCTR, WHICH HAS REEN INCREMENTED ■ 

GOTO FRIX IF PCTR$1~=]; * BITS ~ERE 011 OR lf'il 

* 
GOTO FB01 IF PCTR$15=J; 

* FOURTH BYTE ■ 

~ *BITS\.I.EREO!C'l 1,/_~/.J-

FB f'il OJ : \!JA IT RF A[); 

* F rn,T 
FB01 : 

* 

FIRSTBYTE~MEMDATAR AND RMASK8; 
GOTO DECODE; 

BYTE ■ 

FIR,TBYTE~MEMDATAL 
GOTO DECODE; 

PAUSE Re; 

FRtY: GOTO FRll IF PCTR~tS=t; * BITS lt1ERE lli'! 
* SECOND BYTE ■ 

FRJl'il: FIR~TRYTE~MEMDATAL AND RMPSKR PAUSE; 
GOTO DECODE; 

* THIRD BYTE ■ 

F8 1 1 : l•JA I TR FA D ; 

DEC ODE: 

FIRSTRYTF~MEMDATAR RR; 
*GOTO DECODE; 

GOTO OPCIXYX IF FIRSTBYTE$0PCBli'!=lJ 
GOTO OPCf'illXX IF FIR,TBYTEJOPCBt=lJ 

*GOTO SHORTLOCALJ 

1//1,1 -r -Je; 
v~~.!. ( 

.,.. - -



** 
~* OPCODE .SHORTLOCAL; 
** STACKITC L.SEG, LBASE+FIRSTBYTE$.SHORTOFFSET-6~ ) 
** ENDOP; 

SHORTLOCAL:ADDRESS+-FIRSTBYTE OR MASKC0,0PCB1);* SIGN EXTEND 
LOCAL: ADDRESS+-LBASE+ADDRESS; 

SEG+-LSEG; 
** 
** FllNCT I ON STACK ITC SEG, ADDRESS ) ; 

' ** LTOP+-LTOP+l; 
** LSEG[LTOPJ+-SEG[ADDRESSJ; 
** I NC RFC C); 
** RETlJRN; 
** ENDFUNC; 

-.C::TACKIT: CALL CEA; * MEMDATA+-SEG[ADDRESSJ 
TESTNOTEAUALC MEMDATAL, UNDFTYPEB, VALUEERROR ); 
AL ... ~FMnATAL; AR ► ~EMDATAR; 

INCLTOP; 
ME~DATAL+-AL; MFMDATAR ► AR; 

l_,_;R I TEL TOP; * L.SEG[LTOPJ+-MEMDATA 
*GOTO INCRFC; * CALL INCRFC & GOTO CYCLE 

** 
* * Fl I NC T I ON I NCR F C < ) 
** IF LSEG[LTOPJJTYPE=ARRAYTYPE DO; 
** LSEGELTOPJ5ADDR ■ RFC+-LSEGELTOPJ$AODR ■ RFC+1J 

** 
** 

ENDIF; 
RETURN; 

** ENDFUNCJ 

INCRFC: TESTEPUALC AL, ARYTYPEB, CYCLE ); 
TESTGRM\t!C AR Pl ); * MODIFY 2ND HEADER \,.,ORD 
WA ITREPD; 
MEMDATAR+-MEMDATAR; 
MfMDATAL+-MEMDATAL+l AND~RITE; 
GOTO CYCLE; 



* 
0PCv11 YX: GOTO MFMREF IF FIRSTBYTE$0PCB2=1; 
** 
** OPCODE LONGLOCGLOB; 
** ADDRESS~CFIR,TBYTE LSH 8 OR NEXTBYTEC))$LONGOFFSET; 
** IF FIR~TBYTEiOPCB3=0 DO; 
** STACKITC L~EG, LBASE+ADDRESS-~096 ); 
** EL~E DO; 
** STACKITC G~EG, ADDRE~S ); 
** E!\D IF; 
** RETURN; 
** ENDOP; 

LONGLOCGLOR:CALL NEXlBYTE; 
ADDRE~S~FIRSTBYTE L~; 
ADDRESS~ADDRESS OR TEMP; 

* TEMP~NEXTBYTEC) 

GOTO LONGGLOBAL IF FIR~TBYTEIOPCB~=l; 
LONGLOCAL: ADDRFSS~ADDRESS OR MASKC0,~); 

GOTO LOCAL; 
LONGGLOBAL:ADDRE~S~ADDRESS AND RMASK12J 

.,EG~GSEG; 
GOTO STACKIT; 

* SIGN EXTEND LOCAL ADDRESS 



- ** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 

OPCODE MEMREF; 
DECLARE DCRYTE, DCOPC; 
DCBYTE~NEXTBYTE<); 
DCOPC~DCBYTEJOPCODE; 
IF DCOPC<Li DO; 

C:::EG~LC:::FG; ADDRESS~LBASE+DCBYTE$SHORTOFFSET-64; 
ELSE IF DCOPC=Li DO; 

SEG~LC:::FG; 
ADDREC:::S~LRAC:::E+<DCBYTE LSH 8 OR NEXTBYTEC))$LONGOFFSET-4096; 

ELSE IF DCOPC=S DO; 
SEG~GSEG; ADDRESS~DCBYTE LSH ~ OR NEXTBYTEC)$LONGOFFSET; 

ELSE DO; 
GOTO MRSYLERR; 

ENDIF; 
IF FIRSTBYTESOPCB~=~ DO; 

ASSIGNIDX<); 
ELSE DO; 

IF FIRSTBYTE50PC8Li=0 DO; 
IF FIRSTBYTEJOPCBS=liJ DO; 

IF FIRSTBYTEJOPCB6=(i) DO; 

* 0110 MMMM 

A.C:::SIGNC); * 0111 O!l?l0X 
ELSE DO; 

IF FIRSTBYTE$0PCB7=v'! DO; 
REFERENCE<); * vllll vlvllliJ 

ELSE DO; 
TESTDEF<); 

ENDIF; 
END IF; 

ELC:::E DO; 
MRUl\lDERR <); 

ENDIF; 
ELSE DO; 

MRllNDERR <); 
ENDIF; 

RETllRN; 
ENDOP; 

* liJlll v'!liJll 

* 0111 v'!JXX 

* liJ 1 1 1 1 XXX 



MEMREF: CALL 
GOTO 
GOTO 

LOCAL= 

NEXTBYTE; 
MRSYLERR IF TEMP$0PCB0=1; 
MRLONG 
00\XX 

IF TEMP~OPCBI=I; 

* TEMP~NEXTBYTE<) 
* ADDR. OPCODES ARE 00XX,010X 

* C:HORT 

MR LOCAL: 
ADDRESS~TEMP OR MASKC0,0PCB1 ); * SIGN EXTEND 
SEG~L<::EG; 

* 
MR LONG: 

ADDRESS~LPASE+ADDRESS; 
LINK~MRDCDED; GOTO CEA; 

GOTO MRSYLERR IF TEMP$0PCB2=I; 
ADDRESS~TEMP LBJ 
CALL NEXTBYTE; 
ADDRESS~ADDRESS OR TEMP; 
GOTO MRGLOBAL IF ADDRESS$3=1; 

* LONG LOCAL= 0100 
ADDRESS~ADDRESS OR MASKC0,3); 
GOTO MRLOCAL; 

* LONG GLOBAL= 0101 
MRGLOBAL: ADDRESS~ADDRESS AND RMASKI2; 

SEG~GSEG; 
CALL CEA; 

* CALL CEA & GOTO MRDCDED 

* TEMP~NEXTBYTEC) 

* SIGN EXTEND 

* MEMDATA<-GSEG[ADDRESSJ 

* 
MRDCDED: GOTO MRSWITCH IF FIRSTBYTE$0PCB3=I; 

** 
** SUBOP ASSIGNIDX; 

ASSIGNIDX: FIRSTRYTE~FIRSTBYTE AND RMASK~; * EXPECTED RANK FOR INDEXER() 
CALL ACOPY; * SETS AR TO ARRAY ADDRESS 
TI~AR; * FOR INDEXER<) 
T?~LTOP; , * ADDRESS OF FIRST SUBSCRIPT 
CALL INDEXER; * SETS T3 TO ADDR OF ELEMENT 

* FETCH THE VALUE TO BE ASSIGNED. 
* IF AN "ASSIGN"RP.VELED" INSTRUCTION I.C::: ADDED, IT SHOULD END WITH 
* A TRANSFER TO HERE: 
AIY: READL< T2 ); 

TEMP~LBASE+2; 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 R:A~B MEMDATAL$ARYTYPE=I; 
GOTO WHATERR; 

* PERFORM THE ASSIGNMENT. 
AISCA: MEMDATAL~MEMDATAL; MEMDATAR~MEMDATAR; 

TESTGWRITE< T3 ); 
LTOP<-T2; 
GOTO CYCLE; 

* POP SUBSCRIPTS 



* 
* 
* ACOPY<) -- ENSURE THAT THE VALUE OF A GIVEN VARIABLE IS AN ARRAY 
* WITH REF~RENCE COUNT OF ONE. 
* CALL: CALL CEA; * SETS Tl=SEG, T2=ADDRESS, MEMDATA L,R 
* CALL ACOPY • 
* RETURN: AR CONTAINS THE ADDRESS OF THE ARRAY ~HICH IS CNO~l THE 
* VALUE OF THE VARIABLE AT SEG[ADDRESSJ ■ 

* USES: EVERYTHING, EXCEPT T0=FIRSTBYTE ■ 

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

ACOPY: TEMP ... MEMDATAL AND SCATYPEB; 
GOTO RANKERROR IF TEMP#0; 
GOTO WHATERR IF MEMDATAL5ARYTYPE=0; 

* IF THE REFERENCE COUNT IS ONE, JUST RETURN A POINTER TO THIS ARRAY ■ 

AR ... MEMDATAR; 
~PADTE~TGC AR Pl l~ * READ 2ND HEADER WORD 
TEMP ... MEMDATAL EOR 1 PAUSE; 
RETLIRNIFC TEMP=v.l ); 

* THE REFERENCE COUNT IS NOT ONE ■ COPY THE ARRAY ■ 

MKNELTS .. MEMDATAR; 
READTESTGC AR ); 
AL ... LINK; 
MKRANK .. MEMDATAL AND RANKS PAUSE; 
CALL MAKE; 
LINK ... AL; 

* READ 1ST HEADER wORD 

* MKP .. MAKECMKRANK,MKNELTS) 

* WRIT[ A DESCRIPTOR FOR THE NEW ARRAY AT SEGEADDRESSJ ■ 

MEMDATAL .. ARYTYPEB; MEMDATAR .. MKP; 
GOTO ACGLO IF SEGS15=GSEG; 

ACLOC: WRITELC ADDRESS ); GOTO ACY; 
ACGLO: WRITEGC ADDRESS ); 
* COPY THf SHAPE AND RAVEL ~OROS FROM THE OLD ARRAY TO THE NEW ONE ■ 

ACY: NELTS .. MKNELTS+MKRANK; 
BPTR ... AR+SHAPEOFFSET; 
RPTR ... MKP+SHAPEOFFSET; 

ACLOOP: RFADTESTGC BPTR l; BPTR ... BPTR+J; 
TEMP ... MEMDATAL PAUSE; 

MEMDATAL<-TEMP; 
MEMDATAR<-MEMDATAR; 

~RITEGC RPTR ); RPTR .. RPTR+l; 
NE LT S .. NE LT S - I ; 
GOTO ACLOOP IF NELTS#0; 

* RETURN POINTER FOR NEW ARRAY ■ 

FRP ... AR; 
AR .. MKP; 
GOTO DECRFCF; 

* CALL DECRFCFCFRP) & 
* RETURN 



* 
MRS WITCH: GOTO MRUNDERR IF FIRSTBYTE$0PCBLJ=l; 

GOTO MRUNDERR IF FIRSTBYTE$0PCBS=l; 
GOTO MRS001X IF FIRSTBYTE$0PCB6=1; 

** 
** SUBOP ASSIGN; 
** DECRFCC SEG[ADDRESSJ ) IF SEG[ADDRESSJ$TYPE=ARRAYTYPE; 
** SEG[ADDRESSJ+-LSEG[LTOPJ; 
** IF FIRSTBYTE$0PCB7=0 DO; * ASSIGN PROPER 
** 
** 

INCRFC C); 
ELSE DO; 

LTOP+-LTOP-1; 
* ASS1GN, NO RESULT 

** ** END IF; 
** ~ETIJRN; 

AC::SIGN:, 
'-------------

CALL DECRFC; 
CALL TOP; 
MEMDATAL+-AL; MEMDATAR+-AR; 
GOTO ASGLOBAL IF SEG$15=GSEG; 

ASLOCAL: WRITELC ADDRESS ); 
GOTO ASY; 

ASGLORAL: l•JPITEGC ADDRESS); 

* AL,AR ... LSEG[LTOPJ 

I r 
i, - I 

ASY: GOTO INCRFC IF FIRSTBYTE$0PCB7=0; * ASSIGN PROPER ELSE NO RES 
LTOP+-LTOP-1; * DECREMENT STACK POINTER 
GOTO CYCLE; 

* 
MRSlilVl 1 X: GOTO TESTDEF IF FIRSTBYTE$0PCB7=J; 
* 
* MAKE A REFERENCE DESCRIPTOR FOR @SEG[ADDRESSJ ■ 

REFERENCE: INCLTOP; 

* 

TEMP+-SEG AND RMAC::KlJ 
MEMDATAL+-TEMP OR REFTYPEB; 
MEMQATAR+-ADDRESC::; 
GOTO l•/LCYCLE; 

* EXTRACT SEG BIT 

* WRITELTOP & GOTO CYCLE 

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

TESTDEF: INCLTOP; 
MEMDATAL+-INTTYPEB; 
MEMDATAR+-1; 

* RECALL MEMDATAL IS A DOUBLE-SIDED REGISTER ■ 

TESTH1UAL< MEMDATAL, IINDFTYPEB, l✓LCYCLE ) ; 
MEMDATAR+-OJ; 
GOTO li./LCYCLE; 

* UNDEFINED 

-- -- -- -- ---------------



* 
* 
* CEA() 
* CALL: 
* 
* 
* c:;ETc:;: 
* 
* 
* USEc:;: 

CEA: 
CEAL: 
CEAG: 
CEAY: 

COMPUTE EFFECTIVE ADDRESS ■ 

ADDRFc:;c:;~c:;EGMENT-RELATIVE ADDRESS OF A VARIABLE; 
SEG~Lc:;EG IF LOCAL ELSE GSEG IF GLOBAL; 
CALL CEA; 
MEMDATA TO THE CONTENTS OF THE ADDRESSED VARIABLE; 
ADDREc:;c:;,sEG~JS TO THE EFFECTIVE ADDREc:;s,SEGMENT; 
SEG$REFTYPE TO THE NUMBER OF INDIRECTIONS REQUIRED (<2) ■ 

TEMP, MEMORY REGISTERS ■ 

GOTO CEAG IF SEG~IS=GSEG; 
READTESTL< ADDREc:;s ); GOTO CEAY; 
READTEc:;TGC ADDRESS ); 
TEMP~MEMDATAL EOR REFTYPEB PAUSE; 
RETURNIF< TEMP$L#~ ); 
GOTO REFERR IF SEG$REFTYPE#0; 
ADDRESS~MEMDATAR; 
SEG ~MEMDATAL; 
GOTO CEA; 

* "DIRECT" TYPE 
* REF TO A REF <SEE BELO~> 
* t 
* SEGS::REFTYPE~ 1 C c:;EE ABOVE> 



* 
* GEN~CALAR = 1000MMMM ■ 

*MIS 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 ■ 

DC GSTAB ... *; 
* MONADIC OPERATOR~: 
DC IDOPNO ... *-r.,q C\R; 

• 'iA ItJEtVJITY; 
DATA NEGATIVE; 
DATA FLOOR; 
DAT£\ CEILING; 
DATA MAGNITUDE; 
DATA NOT; 

* THE FOLLOWING MONADIC OPERATORS ACCEPT CHARACTER OR NUMERIC 
* OPERANDS ■ 

DC G~CHMONOPN ... *-GSTAB; 
B~T#i TE!?Tl).HIM-1 ot,..TP.. 
Q◊T◊ CON\J:__/_T_; 

* D YA.Q!_ G.- OP ERA TORS: 
DC G~YOPN' ... *-GSTAP· 

DATA SUM; 
DATA DIFFERENCE; 
DATA PRODUCT; 
DATA RUOTIENT; 
DATA BAND; 
DATA BOR; 
DATA LESS} 

~'(p 
cof /sv 

r yPf "pfV: 
c-o.,.1/ rJ:'sT////1'1 
(rPiP c...()1/vf,(T~• 

* THE NEXT OPERATOR C"ECJUAL") IS THE ONLY DYADIC ONE ACCEPTING 
* CHARACTER OPERANDS, ALTHOLtGH MORE COULD BE ADDED FOLLOhiING IT• 
DC GSCHDYOPN ... *-GSTAB; 

DATA EnUAL~ /)ATA TYPl=C,.0,,1/i/~ 
* THERE ARE NO MORE SCALAR OPERATORS ■ 

DC G~UNDOPN ... *-G~TAB; 
* I MP ORTA NT: 
* THE VALUE "GSUNDOPN" MU~T BE NOT GREATER THAN 16 ■ 

* '! 
DC IGOPNO ... *-GSTAR; -c:~~.1',/C:Lj,✓ 

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

DATA GOUNDERR; 
* 
OPC 1 XXX: GOTO ETC IF FIRSTBYTE$0PCB1=1; * OPCODE 1 1 - -

GOTO SHORTCONST IF FIR~TBYTE$0PCB2=1; * OPCODE 1 01 -
GOTO INDEX IF FIRSTBYTE$0PCB~=l; * OPCODE I 0!01 

*GOTO GENSCALAR; * OPCODE I 000 



* 
* BEGIN GENSCALAR. 

* OPNO=FIRSTBYTE GETS OPERATOR ~UMBER• 
GENSCALAR: OPNO<-FIRSTBYTE ANO RMASK • 
* THE OPERAND FLAG BITS ~ILL BES FOR GENOP. 
* OPERATOR IS MONADIC IF I~-~~ER IS LESS THAN GSDYOPN. 

TESTLESSC OPNO, --...;;;...:..;;,.;....;._,r GSTESTDY ); 
* MONADIC OPERATOR• FETCH ITS OPERAND. 

SETFLAGC MONOPB ); 
TESTLESSC OPNO, GSCHMONOPN, GSTOP ); 
SETFLAGC NLJMOPB ); 

GSTOP: LINK<-GSDISPA; * CALL TOP & 
GOTO TOP; * GOTO GSDISPA 

* OP"E~ATCIR IS DYADIC Ir ITS NUMB-ER IS LESS TH.t\N GS..UNDOPN• 
GSTESTDY: TE::.~rLE.ss.c OPl\10,,_ csmrnoPP.J, GSIINDERRG;..... 
* DYADIC OPERATOR• FETCH ITS OPERANDS. 

GS TOP?: 
* DISPATCH 
GSD I SPA: 

TESTLESSC OPNO, GSCHDYOPN, GSTOP2 ); 
SETFLAGC NUMOPB ); 
CALL TOP2; 
ON TYPE OF FIRST COR ONLY) OPERAND. 
TEMP ... AL AND NUMTYPEB; 
GOTO GSSCAXXX IF TEMP#rn; 
GOTO GSARRXYX IF AL$ARYTYPE=l; 
GOTO WHATERR IF AL$CHTYPE=0; 

* FIRST OPERAND IS A SCALAR CHARACTER• 
GOTO TYPEERROR IF FLAGS$NUMOP=J; 

foeo-~ v,"',,Vo-; S" t/jl/ ~ 0/ftl' 
, > £t j:" L ;l-fr-(I /'90E/.3 )) , 

1 

* FIRST OPERAND IS SCALAR• DISPATCH ON TYPE OF SECOND OPERAND CIF 
* ANY) • 
G.SSCA XYY: GOTO GSSCASCA IF FLAGS5MONOP=l; 

TEMP ... g L AND NllMTYP EB; 
GOTO GSSCASCA IF TEMP#0; 
GOTO GSSCAARR IF BLSARYTYPE=J; 
GOTO WHATEPR IF BL$CHTYPE=0; 

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

* BOTH OPERANDS ARE SCALAR• 
GSSCASCA: SETFLAGC ASCALARB+BSCALARB ); 

LINK <-OPNO+ GS TAB; 
LINK<-ZERO LOAD rn; 
OPRET<-GOOPRET; 
GOTO 91 IX; 

* OPERANDS ARE SCALAR,ARRAY• 
GSSCAARR: SETFLAGC ASCALARB ); 

* NO SECOND OPERAND 

* LINK<- OP. ROUTINE ADDRESS 

APTR<-BR; * APTR<-ARRAY ADDRESS 
GSONEARR: READTESTGC APTR ); 

* 

MKRANK<-MEMDATAL AND RANKB PAUSE;* MKRANK<-RANK OF ARRAY 
GOTO GSALLOC; 

* FIRST OPERAND IS ARRAY• DISPATCH ON TYPE OF SECOND OPERAND CIF ANY). 
GSARRXXX: GOTO GSDRRSCA IF FLAGS$MONOP=J; 

TF.MP<-8L AND SCATYPEB; 
GOTO GSARRSCA IF TEMP#0; 



GOTO GSARRARR IF BL~ARYTYPE=l; 
GOTO l•JHATERR; 

* OPERANDS ARE ARRAY,SCALAR ■ 

G<::ARPSCA: SETFLAGC BSCALARB ); 
APTR---AR; 
GOTO GSONEARR; 

* BOTH OPERANDS ARE ARRAYS ■ 

GSARRARR: READTESTGC A~ ); 
MKRA NK <-MEMDATAL AND RAt •KB PALJ<:: E; * MK RANK <-A. RANK 
READTESTGC BR ); 

* COMPARE RANKS OF A AND q. 
GSCHKRANK: TE~P<-M~MDAlAL AND RANKB PAUSE; * TEMP<-B ■ RANK 

TEMP<-TEMP EOR -1; 
TJ<-MKRANK+TEMP PlJ * Tl<-A ■ RANK-B ■ RANK 

GOTO GSDIFRANK IF T1#0; 
* A ■ RANK=B ■ RANK=~, SAY ■ IS A ■ SHAPECIJ=B ■ SHAPECIJ FOR l<=I<=N? 

T7<-MKRANK; 
T8<-AR+SHAPEOFFSET; 
T9<-BR+SHAPEOFFSET; 

GSCHKSHP: READTESTGC T8 ); 
T8 --T 8+ 1 ; 
t,JA I TREAD; 
T6<-MEMDATAR; 
READTESTGC T9 ); 
T9<-T9+1; 
WA I TREAD; 
T6<-MEMDATAR EOR T6; 
GOTO GSDIFLEN IF T6#0; 
T7+-T7-J; 
GOTO GSCHKSHP IF T7#~; 

* <::HAPES ARE E~UAL ■ 

APTR <-AR; 

* T7<-N 
* 18<-@A ■ SHAPE[IJ 

* T9+-@B ■ SHAPECIJ 

* READ A ■ SHAPE[IJ 

* NOTE MEMDATAL=INTTYPEB 
* READ B ■ SHAPE[IJ 

* A ■ SHAPE[IJ#B ■ SHAPE[IJ 

* CR EAT E A N FY A. R"' A Y R LOCK C TO HOLD R E .S LILT ) '-': I TH THE c::: A ME S HAPE A S 
* THE ARRAY POINTED TO BY APTR ■ 

G.<::ALLOC: REPDTESTG < t'\PTR P 1 ) ; * READ 2ND HEADER ~vORD 
It/A I1 READ; 
MKNELTC:::<-MEMDATAR; * NUMBER OF ELEMENTS 

* THF. ROllTINF MAKEO ALLOCATES .AN ARRAY BLOCK, INITIALIZES ITS TwO 
* HEADFR ~ORDC:::, A~D RETURNS A POINTER TO THE NE~· BLOCK IN MKP AND IN 
* THE GLOBAL CFLL BLOCKPTR ■ 

CALL MAKE; * MKP<-MAKECMKRANK, MKNELTS) 
SETFLAG< RARRAYB ); 

* FILL IN THE <::HAPE ~OROS OF THE NE~ ARRAY ■ 

COLINTFR<-MKRANK; 
TP~APTR+SHAPFOFF~ET; 
TEMP~MK~ANK+SHAPEOFFSET; 
APTR <-AR+TEMP; 
PPT~ <-BR+TEMP; 
RPTR--MKP+SHAPEOFF.SET; 
LINK<-G<::COP~HP; 

GSCOPSHP: READTESTGC T8 ); 
TEMP~MEMDATAL PAUSE; 

MEMDATAL~TEfVP; 
MFMDATAR~MEMDATAR; 

* RANK 
* T8~@A ■ SHAPE[l J 

* RPTR~@RE~ULT.~HAPE[lJ 



l-.R I TE G C RP TR ) : 
Tf<<-Tf<+J; 
RPTR<-RPTR+ZERO Pl DJ; 

* NO~ OPNO, NELT.C::=MKNELT.C::, APTR, BPTR, AND RPTR ARE INITIALIZED 
* FOR GENQp. APPLY THE OPERATOR ELEMENT-BY-ELEMENT TO IT~ OPERAND<S). 

GOTO GE NOP; 
* 
* OPERAND<::: ARE ARRAYS WITH DIFFERENT RANKS. 
GSDIFRANK: LINK<-RANKERROR; 

GOTO G.C::CJ-!KNELT; 
* OPERANDS ARE RANK-N ARRAY.C:: (N>0) ~ITH DIFFERE~T LENGTHS. 
GSOIFLEN: LINK<-LENGTHERROR; 
* CHECK FOR A 1-ELE~ENT OPERAND. RECALL Tl=A•RANK-8.RANK. 
GSCHKNELT: RFADTESTGC AR Pl ); * READ 2ND HEADER WORD OF A 

L,AITREAO; 
T2 <-ME MD A TAR -1 ; 
PEADTE.C::TG C BR P J ) ; 
t,JAITREAD; 
T3 <-MEMDATA R - 1; 
GOTO GSAI~!ELT IF T2=0; 
GOTO GSPEELB IF T3=0; 
GOTO °' IX; 

* A.NELT.C::=l • IC:: 8.NELT.C::=l ALSO ? 
GSAIS1ELT: GOTO GSPEELA IF T3#0; 
*BOTHA AND BARE !-ELEMENT ARRAYS• 
* AS SCALAR. 

* T2<-A.NELTS-l 
* READ 2ND HEADER WORD OF B 

* T3<-B.NELT.C::-l 
* A.NELTS=l 
* ONLY B HAS 1 ELEMENT 
* RANKERROR OR LENGTHERROR 

* ONLY A HAS 1 ELEMENT 
TREAT THE ONE WITH SMALLER RANK 

GOTO GSPEELB IF T1~~=0; * B.RANK<=A.RANK 
* "PEEL" A <SET A<-CRAVEL A)CIORGJ) AND RESTART GENSCALAR• 
G.C::PFELA: FRP<-AR; * ARRAY TO PEEL 

Tl <-LTOP; * PLACE FOR RESULT 
LINK--GENSCALAR; 
GOTO PFEL; 

* "PEEL" R AND RE.C::TART GENSCALAR. 
GSPEELR: FRP ... BR; 

Tl ... LTOP-1; 
LINK <-G EN.c:: CALAR; 
GOTO PEEL; 

* CALL PEEL<FRP, Tl) & 
* GOTO GENSCALAR 

<PEEL<) SAVES FIRSTBYTE 0 ) 

* CALL PEEL<FRP, Tl) & 
* GOTO GENSCALAR 



* 
* GENOP -- GENERALIZED OPERATOR APPLICATION. 

* * DRIVEN BY THE FOLLOl•iING BITS IN THE REGISTER "FLAGS": 
* NUMOP=l IFF THF OPERATOR WILL NOT ACCEPT CHARACTER OPERANDS; 
* MONOP=l IFF THE OPERATOR IS MO~ADIC; 
* ASCALAR=l IFF THE FIRST COR ONLY) OPER.C1ND IS SCALAR; 
* BSCALAR=t IFF THE SECOND OPERAND CIF ANY) IS SCALAR; 
* RARRAY=l IFF THE RESULT IS AN ARRAY• 
* 
* THE FOLLOWING REGISTERS SHOULD ALSO BE INITIALIZED BEFORE ENTERING 
* GENOP. 
* NELTS = NUMBER OF ITERATION<:;; 
* AP TR = CLIRSOR IN FIRST OPERAND, IF FLA GS$ASCALAR=0; 
* RPTR = CURSOR IN SECOND OPERAND, IF FLAGS$8SCALAR=0; 
* RPTR = CURSOR IN RE5ULT, IF FLAGS$RSCALAR=0; 
* OPNO = INDEX OF OPERATOR TO BE ITERATIVELY APPLIED. 
GENOP: GOTO GENOPFIN IF NELTS=0; 
* CHECK FOR EXTERNAL COMMAND. 

* LOAD 

GO<::CA A: 
GOARRA: 

TEMP<-IOSTATUS; 
GOTO GOINTRPT IF TEMP~FFSAREAD=J; 

FIRST OPERAND FROM STACK OR ARRAY INTO 
GOTO GOARRA IF FLAGS$ASCALAR=0; 
READLTOP; GOTO GOWAITAJ 

GO\i.1/H TA: 
RFADTESTGC APTR ); 
NELTS<-NELTS-1; 
OPRET .... GOOPRE'T; 
LINK<-OPNO+GSTAB; LINK<-ZERO LOAD 0; 
AL•-MEMDATAL PAUC:::F.; AR<-MEMDATAR; 
GOTO GOA IF FLAG<::$NUMOP=0; 

AL,AR. 

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

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

GOS CAB: 
GOARR8: 
GO\~'A I TB: 

GOTO GOAR~B IF FLAGS$8SCALAR=0; 
TEMP<-LTOP-tJ READLC TEMP ); GOTO GOwAITB; 
READTESTGC BPTR ); 
BL<-MEMDATAL PAUSE; BR<-MEMDATAR; 
GOTO 0 IF FLAGS5NUMOP=0 IX; 

* OPERATOR RE('.:)UIRE.S NUMERIC OPERANDS -- CHECK 8° 
TEMP<-BL AND NUMTYPEB; 
GOTO 0 IF TEMP#rn IX; 
GOTO TYPEFRPOR; 

* THE OPERATOR ROUTINE RETURNS HERE• 
GOOPRET: MEMDATAL<-AL; MEMDATAR<-AR; 

GOTO GENOPFIN IF FLAGS$RARRAY=0;* RESULT IS SCALAR 
TESTGWRITEC RPTR ); 
APTR<-APTR+t; BPTR<-BPTR+J; RPTR<-RPTR+J; 
GOTO GENOP; 



* 
* A COMMAND WAS RECEIVED IN THE MIDST OF GENERALIZED OPERATOR 
* APPLICATION. SAVE THE REGISTERS NELTS, APTR, BPTR, RPTR, AND OPNO 
* IN THE STATE AREA OF THE DATA SEGMENT; SET FLAGS$INTRPT TO l, AND 
* TRANSFER TO STOPPED. IF THIS PROCF~S IS LATER RE~TARTED, CONTROL WILL 
* RETURN TO GOCONT BELOW. 

GOINTRPT: MFMDATAL~NELTSJ MEMDATAR~OPNOJ 
l•.'R I TEG C SA VEf\JO ) ; 

* 
MEMDATAL~APTR; MEMDATAR~BPTR; 
v.lRITEGC SAVEAB )J 

* 
MEMDATAL~RPTR; *MEMDATAR~ANYTHING; 
WRITEGC SAVERX ); 

* 
SETFLAGC INTRPTB ); 
GOTO ~TOPPED; 

* 
* CONTINllF PROCF.~S INTE~PUPTED If\ GENOP. CLEAR FLAGS$INTRPT AND 
* RE~TORE THE REGISTERS, THEN CHECK THAT OPNO<GOUNDOPf\. 

GOCONT: 
* 

* 

* 

* 

CLEARFLAGC INTRPTB ); 

READGC SAVEN□ ); 
NELTS~MFY,DATllL PAlJSEJ OPt 10•-MEMD.ATAR; 

READGC SAVEAB ); 
APTR~MEMDATAL PAUSE; BPTR~MEMDATAP; 

REAOGC SAVERX ); 
RPTR~MEMDATAL PAUSE; 

TFSTLFSSC OPNO, GOUNDOPN, GOUNDERR ); 
GOTO GENOPJ 



/Jo e..Yrr1f 
r 

* 
* 

/. Jr B rl 
r 

* GE NOP FIN Mlf <:;T NOT l=1 E CALLED 1,<.1I TH <FLA GS5) RARRAY=(71 UNLESS ASCALAR = I 
* AND BSCALAR=1. 
GENOPFIN: GOTO GOFCHKB IF FLAGS$ASCALAR=1J 

R E A D LT OP J /)~ c.. re"",., - IL,,_ ,. ,-
CALL DECRFC;) l....ovr, r 

GOFCHKB: GOTO GOF<:;TK IF FLAGS~MONOP=I; 
LTOP+-LTOP-1; 

GOFSTK: 

GOTO GOFSTK IF FLAGS~8SCALAR=I; 
READLTOP; 
CALL DECRFC; 
GOTO WLCYCLE IF FLAGS$RARRAY=0; 
READG< BLOCKPTR );A---­
MEMDATAR+-MEMDATAL PAUSE; MEMDATAL+-ARYTYPEBJ 
GOTO WLCYCLE; 



****************************¥******* 
* MONADIC SC6 LAR OPERATOR ROUTI~FS * 
************************************ 

********* 
* FLOOR * 
********* 

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

* * CFLOATING-POINT) FLQQq. 
* C:ETS: AL,AR TO THE FLOOR OF THE FLOATING-POINT NUMBER IN AL,AR. 
* RESULT IS OF INTFGER TYPE WHENEVER POSSIBLE CI.E• 
* h'HFNF\JER EXPONENT OF OPERAf'.ID IS <= 22). 

COIINTER, LINK, AEXP, A.C:IGN, FTl. 

* llNPACK A. 
* AEXP GETS CA5EXP-EXPBIAS). 
FFLO: AEXP .... AR AND EXPB; AEXP .... AEXP-EXPBIAS; 
* IF AEXP>2? THEN A IS ALREADY "INTEGRAL"; JUSl RETURN IT• 

FT 1 ... A EXP - C 2? + 1 ) ; 
GOTO IDENTITY IF FT1$0=~; * 2~<=AEXP 

* ASIGN$C:IGN GETS A$C:IGN. 
ASIGN .... AL AND SIGNB; 

* AL,AR GET ASCOEF. 
AL~AL AND SIGNC; AR .... AR AND EXPC; 

* IF AEXP<li'\ THEN J:;ifllPf\, oi <IF A>lil) OR -I <IF A<0). 
GOTO FFSHIFT IF AEXP$1il=li'\; * 0<=AEXP 
LINK .... OPRET; 
AL .... ASIGN OR INTTYPEB; 
ZERO .... AC:IGN Ll SO; * NOTE SIGN= 811 0 
AR .... ZERO C:I LI A~D~ETURN; 

* SHIFT AL,AR RIGHT <22-AEXP) PLACES THROUGH A STICKY BIT 0 

FFC:hIFT: COLINTER .... FTl EOR -I; * COUNTER .... 22-AEXP 
GOTO FFPACK IF COLJNTER$R=0; * AEXP=22 
LINK .... FFLOOP; 
FT 1 ... Ii'\; * FT1$COEFB?1 IS STICKY BIT 

FFLOOP: FT1 <-FTJ OR PR; 
AL .... AL Rl c:o; AR .... /\P SI Rl D J; 

* IF AC:IGN#0 THEN ADD STICKY RIT TO AL,AR (ROUND UP). 
GOTO FFPACK IF ASIGN=0; 
FTl ... ~Tl AND COEF82~RIT; 
AR .... AR+FTI; AL .... AL+ZERO CI; 

* RETURN INTEGFR WITH ~IGN FROM A~IGN, MAGNITUDE FROM AL,AR 0 

FFPACK: FTl +-AL LFU * ~HIFT AL,AR 
AL ... A L RP ; * R I GH T 
AR~AR RR; AR~FTl OR AR; * 8 PLACES 
GOTO I PACK; 



*********** 
*CEILING* 
*********** 

* CCEILI[\G A>=A IF A IS AN INTEGER ■ 

CEILING: GOTO IDENTITY IF AL$FL01YPE=0; 
* <CEILING A>=-CFLOO~ -A) IN ANY CASE ■ 

* 

* 
CEILNEG: 

AL<-t).L EOR SIGNB; 

FT?+-OPRET; 
OPRET+-CEILNEG; 
GOTO FFLO; 

OP R ET ... FT 2 ; 
*GOTO [\IEGATIVE; 

************ 
*NEGATIVE* 
************ 

NEGATIVF: GOTO NFGANZ IF AL~FLOTYPE#0; 
GOTO NEGANZ IF ALJR#0; 

* OK SINCE A#0 

* OPCALLCFFLO> 

* <SAVES FT2> 

* OPCALLCNEGATIVE> & 
* RETURN 

GOTO IDENTITY IF AR=0; * C-0)=0 
* A#0 ■ TOGGLE A$SIGN ■ 

NFGANZ: AL<-AL EO~ SIGNB; 
GOTO IDENTITY; 

************* ************ 
*MAGNITUDE*,* IDENTITY* 
************* ************ 

rvlAGNITIIDF.: AL ... AL AND SIGNC; 
IDENTITY: LINK ... OPRET; 

RETURN; 

******* 
* [\lQT * 
******* 

NOT: CALL TESTLOGA; 
AR<-AR EOR 1; 
GOTO IDENTITY; 

* CLEAR SIGN BIT 

* ENSURE A IS INTEGER 0 OR 1 
* P!->1, I ->Pl 



*********** 
* TEt:;TNUM * 
*********** 

* RETURN 
TE.t:;TNUM: 

*********** 
* CONVERT * 
*********** 

FOR NUMERIC OPERAND, 0 FOR CHARACTER OPERAND ■ 

GOTO OPRETURNl IF AL$FLOTYPE=l; 
GOTO OPRETURNl IF AL$INTTYPE=1; 
GOTO 0PRETURN0 IF AL~CHTYPE=lJ 
GOTO v!HATERR; 

* r.ONVERT CHARACTER TO INTEGER, INTEGER TO CHARACTER ■ 

CONVE~T: GOTO CNVAFLO IF AL$FLOTYPE=t; 
GOTO CNVAINT IF ALSINTTYPE=J; 
GOTO CNVACH IF AL$CHTYPE=1; 
GOTO vHATERR; 

* A IS FLOATING-POINT ■ 

CNVAFLO: CALL FIXA; 
* A IS CN □ t,.1 ) AN INTEGER ■ 

CNVAINT: GOTO DOMAINERROR IF AL$~IGN#0; 
GOTO DOMAINERROR IF AL$R#0; 
GOTO DOMAINERROR IF AR$L#0; 
,£:l.L +-C HTYP EB; 
GOTO IDENTITY; 

* A IS A CHARACTER ■ 

CNVACH: AL+-INTTYPFR; 
GOTO IDENTITY; 



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

************** 
* DIFFERENCE * 
************** 

* DIFFERENCECA,0)=A. 
DIFFERENCE:GOTO DIFBNZ IF BL$FLOTYPE=l; 

GOTO DIFBNZ IF BR#~; 
GOTO IDENTITY IF BL~R=~; * 8=0 

* DIFFERENCECA,R)=SLJMCA,-R). 
DIF8NZ: RL<-BL EOR SIGNB; * 8<--8 

*GOTO SUM; 

******* 
*SUM* 
******* 

* PERFORM INTEGER ADDITION IF BOTH OPERANDS ARE INTEGER5° 
SUM: FTl <-AL OR BU 

GOTO SUMFLOAT IF FLAGS$IMODE=0J 
GOTO SUMFLOAT IF FT1$FLOTYPE=l; 

* INTEGER+INTEGER• 
* UNPACK A AND R. 

* AC:IGN GETS A$SIGN; FTl GETS CA$SIGN EOR B~SIGN). 
AC:IGN<-AL AND SIGNB; 
FT 1 <-AL EOR RU 

* AL,AR AND RL,RR GET ASMAG AND 8$MAG RESPECTIVELY• 
AL<-/'.\ L AND RMASK8; 
BL<-BL AND RMAC:Kp; 

* THE TREATMENT OF LIKE AND UNLIKE SIGNS DIVERGES HERE• 
GOTO IASUR IF FT1$qGN=1; 

* ADD MAGNITUDES. 
AR<-AR+RR; AL<-AL+RL CI; 
GOTO IOF IF Alis=}; * INTEGER OVtRFLOW 

* PACK ASIGN,AL,AR INTO INTEGER FORMAT AND RETURN• 
IPACK: ~K--OPRET; 

AL<-AL OR INTTYPEB; 
A L <-A S I G N OR AL A ND R ET LI RN ; 

* SUBTRACT MAGNITUDE.<::. 
IA SUB: BR<-RR FOR -J; AR<-AR+BR Pl; 

BL--BL EOR -1; AL<-AL+BL CI; 
GOTO IASUBNZ IF AR#0; 
GOTO OPRf'.:TLIRN(il IF AL=O!; 

IASURNZ: GOTO IPACK IF AL$0=0; 
* RESULT IS ZERO 

* RECOMPLEMENT -- 8 HAD THE LARGER MAGNITUDE• 
AR<-AR EOR -J; AR<-AR+ZERO Pl; 

* 

AL<-AL EOR -1; AL<-AL+ZERO CI; 
ASIGN<-ASIGN EOR SIGNB; 
GOTO IPACK; 

-- ------



* AT LEAST ONE OF A,8 rs FLOATING-POINT . 
.C:LIMFLOAT: GOTO SLIMCHKR IF LXLiFLOTYP E= 1; 
* A IS A~ INT~GER. 

CALLFC FLOATA, OPRETURNB ); 
SUMCHKR: GOTO FADD IF 8L$FLOTYPE=1; 
* R IS AN INTEGER• 

* 

CALLFC FLOATR, IDFNTITY ); 
*GOTO FADD; 

* FLOATING-POINT ADDITION. 

* A IS FLOATING-POINT 

* FLOATAC) FAILS IF A=0 
*BIS FLOATING POINT 

* FLOATBC) FAILS IF' 8=0 

* LJSFS: COUNTER, LINK, BL, BR, ASIGN, AEXP, FT!, FT2. 

* UNPACK A AND B. 
* l\EXP GFTS ~$EXP <STILL BIASED) AND FTl GETS CA$EXP-B$EXP). 
FADD: AEXP~AR AND EXPB; 

FTJ~BP AND EXPB; FTl~FTI EOR -1; FTJ+-AEXP+FTl PI; 
* IF A~EXP<BJEXP, INTERCHANGE A,8 AND REST~RT• 

GOTO FAUNPACK~ IF F11:-:lil=0; 
FTJ~AL; AL+-BL; BL+-FT!J 
FTl~AR; AR~BR; BR+-FTI; 
GOTO FADD_; 

* A~IGN <TENTATIVE ~ESULT SIGN) GETS A$SIGN AND FT2$SIGN GETS 
* CA~SIGN FOR 8$SIGN). 
FALJNPACKP: ASIGN+-AL AND SIGNB; 

FT2 ~AL EOR BL; 
* AL,AR AND BL,BR <BITS 1 THROUGH 23) GET A$COEF AND 8$COEF 
* RE.C:PFCTIVELY• 

AL+-AL AND SIGNC; AR~AR AND EXPC; 
BL~BL AND SIGNCJ BR~BR AND EXPC; 

* ALIGN THE RADIX POINTS OF THE COEFFICIENTS• 
GOTO FAADDSUB IF FT1=0J * POI~TS ALREADY ALIG~ED 

* SHIFT BL,BR CFTl) PLACES RIGHT THROUGH ROUND!, ROUND2 AND STICKY BITS• 
COU~TER+-FTl; * FT1<256 
Lli\K+-FASHIFTl; 

FA~HIFTl: GOTO FASHIFT2 IF BR~~TICKY=~; 
8R~BR OR STICKYB*2J * STICKY BIT SlICKS 

FASHIFT?: BL+-RL Rl ~O; BR+-BR SI RI DJ_; 
* TREATMENT OF LIKE AND UNLIKF SIGNS DIVERGES HERE• 
F.l\ADDqlR: GOTO FA.SUB IF FT?5SIGN=1; 
* /.I.DD THE COEFFICIENT.~ OF A A11D B, THEN 1EST FOR OVERFLO\t .. c~1Q OTHEK 
* NOPMALIZING IS NFCE~SARY). 

AR~AR+BP; AL+-AL+8L CI; 
GOTO FROUND IF NOOVERFLO~; 

* COEFFICIE~T O~E~FLO\t: ~HIFT AL,AR FIGHT I PLACE <THROUGH ROUND AND 
* ~TICKY RITS) AND INCREMFNT AEYP• 
FCOEFOF: AEXP+-AEXP+J; 

FTirAR A~n STICKYBJ 
AL+-AL P1 ~O; AR~c,p ~I RI; 
f'..r=rAR OR FT I; 
GOTO FROLl~D; 

* ADD A~COEF ANn THF COMPLE~ENT OF B~COEF. A NEGATIVE RESULT REPUIRES 
* RECOMPLEME~TATION; A ~UM OF ZERO SHOULD BE DETECTED BEFORE 
* NORMALIZING. 
FASUR: RR+-RR EOR -J; .l\R<-AR+8R Pl; 



PL+-RL EO~ -J; AL+-AL+BL CI; 
FTl+-AL OR AR; 
GOTO OPRETURND! IF FT1=0; 
GOTO FASNORM IF AL50=0; 
AR+-AR EOR -1; AR+-AR+ZERO Pl; 
AL+-AL FOR -1; AL+-AL+ZERO CI; 
ASIGN+-ASIGN EOR SIGNE; 

* RESULT IS ZERO 
* NO RECOMPLEMENTATION NEEDED 

* SHIFT AL,AR LEFT JUST ENOUGH PLACES SO ALSCOEFBl=J, AND DECREMENT 
* AEXP BY THE NUMBER OF SHIFTS RE~UIRED. 
FASNORM: GOTO FROUND IF AL$COEFB1=1; 
FA.c;NORML: AEXP<-AEXP-1; 

AR<-AR Ll SO; AL+-AL ~I Lt; 
GOTO FASNORML IF ALfCOEFB1=0; 

* ROUND THE COEFFICIENT IN AL,AR TO 23 BITS CCOEFBl THROUGH COEF823) 
* USING ROU~D1, ROUND2 AND STICKY: 
* ROUND DOWN CTRUNCATEl IF ROUNDJ=(ilJ 
* ROUND TO NEAREST EVEN IF ROUNDJ=l, ROUND2=STICKY=0; 
* ROUND UP CADD l> IF ROLJNDl=l, ROUND2=1 AND/OR STICKY=!. 
FROUND: GOTO FPACK IF AR$ROUND1=0; 
* 

FTl +-AR AND CROUND2B+STICKYB); 
GOTO FROUNDUP IF FT1#0; 

* 
GOTO FPACK IF AR$COEFB23=0; 

*ROUNDUP RY ADDING 1 IN COEFB23 AND CHECKING FOR COEFFICIENT OVERFLOW. 
FROLJNDUP: AR+-AR+COEFB23BIT; AL+-AL+ZERO CI; 

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

AL<-0 LiD)1710Jrl8; 
AEXP +-A EXP+ 1; 

* CHECK FOR EXPONENT CUNDER/OVERlFLOlti AND PACK ASIG1 ,AL,AR,AEXP INTO 
* AL,AR. ~ 
FPACK: GOTO~IF AEXP$0#0; 

FTI+-AEXP AND EXPC; 
GOTO FEXPOF IF FT!#0; 

pA'--A Ol/ F~; LINK<-OP~ET; X, trV' .. ,. I// 

tiR ... AR AND EXPC; 
AR<-AR OR AEXP; 
AL<-ASIGN OR AL ANDRETURN; 

* EXPONENT UNDERFLOW; 

* EXPONENT OVERFLOW 
r( Cf F ,# '/ 'f-'~/.; 1, r ~ ,r;/2 = 



*********** 
*PRODUCT* 
*********** 

* PERFORM INTEGER MULTIPLICATION IF BOTH OPERANDS ARE INTEGERS. 
PRODUCT: FT 1 <-AL OR BL; 

GOTO PRODFLO~T IF FLAGS~IMODE=0; *GO IF NOT IN INTEGER MOOE 
GOTO PRODFLOAT IF FT1$FLOTYPE=1J 

* INTEGER*INTEGEQ. 
* UNPACK A AND B. 
* ASIGN GETS CA$SIGN EOR 8$SIGN). 

ASIGN<-AL EOR BL; ASIGN+-ASIGN AND SIGNB; 
* AL,AR HOLD A$MAG <THE MULTIPLIER). 
* BL,BR GET 8$MAG <THE MULTIPLICAND). 

8L+-BL AND RMASK8; 
* THE PRODUCT WILL RE DEVELOPED IN FT1,FT2,AL,AR. AS LOW-ORDER BITS 
* OF THE MULTIPLIER SPILL FROM THE RIGHT END OF AR, LOW-ORDER BITS OF 
* THE PRODUCT WILL SPILL INTO THE LEFT END OF AL. 

FTl +-Pl; FT2 ... 0; 
COUNTER .. ?.-~; 
LINK+-IMLOOP; 
AL+-AL Rl so; AR+-AR SI Rl SO; * INITIALIZE COND$SHIFT 

IMLOOP: FT2<-BR*FT2; FTl+-BL*FTl CI Rl SO; 
FT2+-FT2 er RJ SO; AL+-AL SI Rl SO; AR--AR SI RI SOD J; 

* THE HIGH-ORDER 2~ BITS OF THE ~6-BIT PRODUCT ARE IN FT1,FT2• THEY 
* MUST BE ALL ZEROS. 

FT I --FTJ OR FT2; 
GOTO IOF IF FTJ#rn; * INTEGER OVERFLOW 

* SHIFT THE LOW-ORDER 2~ BITS NINE PLACES RIGHT IN AL,AR. 

* 

AL+-AL RI so; AR ... AR SI RlJ 
FT J ... AL u;:; 
AL ... AL R8J 
AR ... AR RS; AR ... FTl OR AR; 
GOTO IPAO<; 

* AT LEAST ONE OF A,R IS FLOATING-POINT• 
P~ODFLOAT: GOTO PRODCHKB IF ALSFLOTYPE=lJ 
* A IS AN INTEGER• 

CALLFC FLOATA, 0PRETURN0 ); 
PRODCHKR: GOTO FMUL IF RL$FLOTYPE=J; 
* B IS A~ INTEGER. 

CALLFC FLOATB, 0PRETURN0 ); 
*GOTO FMLIL; 

* PACK RESULT AND RElURN 

* FLOATAC) FAILS IF A=0 

* FLOATBC) FAILS IF 8=0 



* 
* FLOATING-POINT MULTIPLICATION. 
* SET,c;: 
* USES: 

AL,AR TO THE PRODUCT OF AL,AR AND BL,BR. 
COUNTER, LINK, BL, BR, ASIGN, AEXP, FTI, FT2• 

* UNPACK A AND B. 
* AEXP GETS CAIEXP+B~EYP-EXPBIAS). 
FMUL: AEXP ►AR AND EXPB; 

FTI<-BR AND EYPB; AEXP ►AEXP+FTlJ AEXP ►AEXP-EXPBIAS; 

* ASIGN GETS CAJSIGN EOR 8$SIGN). 
ASIGN ►AL EOR BL; ASIGN ►ASIGN AND SIGNB; 

* BL,BR GET 8$COEF RIGHT JUSTIFIED CMULTIPLIER FOR"*" 
* MIC~O-INTRLICTION). 

FT l ►R L Lf:; 
BL ►RL RS; 
BR ►BR Rf:; 
RR<-FTl OR BR; 

* FT1,FT2 GET A$COEF (MULTIPLICAND). 
FTl<-AL AND SIGNC; FT2 ►AR AND EXPC; 

* THE PRODUCT Jc; FORMFD BY SUMMING 23 TERMS. ALL BUT THE LAST ADDITION 
* IS PERFORMEn IN THE FOLLOWING LOOP, ~HICH RIGHT SHIFTS THE SUM 
* CKEPT IN AL,AR) 1 PLACE CTHROUGH THE ROUND AND STICKY BITS) EACH TIME. 

FMLOOP: 

AL<-(ilJ AR<-(il; 

COUNTER+-22; 
LINK +-F MLOOP; 
BL ►BL R1 SO; RR<-BR SI RI SO; 
AR+-FT2*AR; AL<-FTl*AL CI Rl so; 
GOTO FMSHIFTAR IF AR$STICKY=0; 
AR ►AR OR STICKYB*2J 

FMSHIFTAR: AR ►AR SI Rl DJ; 
* PERFORM LAST MULTIPLICATION STEP WITHOUT SHIFTING SUM. 

BR+-BR RI SO; 
AR ► FT2*ARJ AL<-FTl*AL CI; 

* ROUND AND P.D1CK THE RE<:;ULT IF f\10 COEFFICIENT OVERFLOW. 
GOTO FROUND IF NOOVERFLO~; 
GOTO FCOEFOF; * RIGHT-SHIFT COEF 1 PLACE 



************ 
* (.)LIOTIENT * 
************ 

f)' / . G 
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* B IS FLOATING-POINT 
* ALL nl!OTIF[\IT~ ARF FLOATING-POINT. 
PUOTIENT: GOTO PUOCHKA IF RL$FLOTYPE=l; 

CALLFC FLOATB, DIV~-&RR ); * FLOATBC) FAILS IF 8=0 
nuOCHKA: GOTO FDIV IF AL$FLOTYPE=J; 

* 

C~LLFC FLOATA, OPRETURN~ ); 
*h0TO FDIV; 

* FLOATING-POINT DIVISION. 

* A IS FLOATING-POINT 
* FLOATA<) FAILS IF A=0 

* .c:ETS: AL,AR TO THE (.)IJOTIENT OF AL,AR DIVIDED RY BL,BR <ASSUMED #0). 
* LJC:ES: COUNTER, LINK, BL, BR, ASIGN, AEXP, FTl, FT2• 

*UNPACK~ AND R. 
* AEXP GFTS CASFYP-8$EXP+FXPBIAS). 
FDJ \1: F11 <-RR Cif\JD EXPB; FTl <-FTJ EOR -1; 

AEXP<-AR Af\D EXPB; AEXP<-AEXP+FTl PI; AEXP<-AEXP+EXPBIAS; 
* ~c:IGN GETS CA$SIGN EOR 8$SIGN). 

ASIGN<-AL EOR BL; ASIGN<-ASIGN AND SIGNS; 
* AL,AR GET A~COEF CDI\/IDEND). 

AL<-AL AND SIGNC; AR<-AR AND EXPC; 
* BL,BR GET THE 1 'S COMPLEMENT OF B~COEF (DIVISOR). 

BL<-BL AND c;IGNC; BR<-BR AND EXPC; 
8L--RL EOP -J_; RR,-qR EOR -1; 

* THE r::lllOTIENT IS FORMED BI1-RY-BIT BY i=;EPEATED TRIAL SUBTRACTIOI\IS 
* OF THE DIVISOR FROM THE DIVIDEND. A SUCCESSFUL SUBTRACTION 
* CORRESPONDc; TO A "1" IN THF r:lUOTIFf\T; AN LJNqCCESSFUL SUBTRACTION 
* CO!'.;?t:?ESPONDS TO A "171". ACTUALLY 1 HE 1 '~ COi'·iPLEMENT OF THE C-1UOT I EN1 
* IS DFVELOPED CIN FT1,FT2). 

FT1 <--1; FT?---1; 
COLINTF.°"<<-2'.<; 
LINK<-FDLOOP; 

* COMPLEMENTED ZEROES 

* IF THE FIRST TRIAL SIIRTR.CI.CTION hO!ILD FAIL v.1E "PRENORMALIZE" THE 
* DIVIDEND RY C:PIFTING IT I PLACE LEFTWARD• 

ZERO <-AR+ 8 R P I L 1 SO; A L ,_ /1. L /PL C I S I LI SO; 
GOTO FDSTAR1 IF NOSPILU * 1 10NNEGATI\/E DIFFERENCE 
AR<-AR LI so; AL<-AL SI LJ; * LEFT SHIFT FRACTION AND 
A EXP <-A FXP-1; * DECREMEt 1T EXPONE.NT 

FD LOOP: 7.1:PO<-AR+PR Pl L1 SO; ,l\L<-.AL/BL CI SI Ll SO; 
FD~T/\PT: FT? <-FT 2 c;r L 1 SO_; F Tl ,_ F Tl S I L 1 ; 

GOTO FD00 IF FT2$JS=J; * NEGATIVE DIFFERENCE 
AR<-AR+BR Pl LI DJ; * FINISH THE SUBTRACTION 
GOTO FDLAc;T; 

FDl:10: 14R<-AR Ll SO; AL<-AL SI Ll D J; 
* COMPLEMENT FTJ,FT2 TO OBTAIN TRUE, UNROLJNDED PUOTIENT• 
FDLAST: FT1<-FT1 EOr<: -1; FT2<-FT2 EO~ -1; 
* PRODUCE A 24-TH PUOTIE~T RIT <WITHOUT INSERTING IT IN FT1,FT2) 
* FOR ROUNDING PURPOSES. CSEF COMMENTS ON ROUNDING AT FROUNO.) 

?~OO<-A0+8P Pl LI c;Q; AL<-AL/PL CI SI LI so; 
GOTO FDPACK IF <::PILL; * ROUND BIT= 0 
AR<-AR+BP Pl LI; * FINI~H THE SUBTRACTION 



* f 1 01...J A L , A ~ = DI I F F .c:: T I C K Y 8. I T = 171 • 

AL<-.l\L OR AR; 
GOTO FDROUNDUP IF AL#0; 

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

FDROUNDUP: FT2<-FT2+J; FTJ<-FTl+ZERO CI; 
GOTO FDPACK IF FT15R=0; * NO OVERFLO~ 

* COEFFICIENT ROUNDING OVERFLOW. NOTE FTI=000200B AND FT2=000000B• 
FTl <-00011?108; 
AEXP<-AEXP+l; 

* POC::ITION nUOTIENT COEFFICIENT CORRECTLY AND TRANSFER TO FPACK. 
FDPACK: AL<-FT2 RR; FTl<-FTl LB; AL<-FTJ OR AL; 

AR <-FT2 LR; 
GOTO FPACK; 



******* 
* PND * 
******* 
Rf\f\lD: CA LL TESTLOGAR; 

LINK+-OPRET; 
* SETS A,B TO INTEGER 0 OR 1 

****** 
* OR * 
****** 

BOR: 

* 
* 

AR+-AR AND BR ANDRETURN; 

CA LL TESTLOGAB; 
LINK+-OPRET; 
AR+-AR OR BR ANDRETURNJ 

* TES TLOGAB <) 
* CA LL: CALL TESTLOGAB • 
* SETS: A+-FLOOR<A), PROVIDED A=0 OR A=}; 
* B+-FLOOR<B), PROVIDED 8=0 OR B=l• 

TEMP• 

TESTLOGA9: GOTO TLABFLO IF BL$FLOTYPE=J; 
* B IS AN INTEGEP• 

GOTO DOMAINERROR IF BL~R#0; 
GOTO TESTLOGA IF BR=0; * TESTNOTEQUALCBR,0,TESTLOGA) 
TESTNOTE(-)LJALC BR, 1, TESTLOGA ); 
GOTO DOMAINERROR; 

* B IS FLOATING-POINT. 
TLABFLO: TE~TEQLJALC BR, FLPT!R, DOMAINERROR ); 

TESTE(-)LJALC BL, FLPTlL, DOMAINERROR ); 
BL+-INTTYPEB; BR+-J; * B=l 
*GOTO TESTLOGA; * CALL TESTLOGA & RETURN 

* * TESTLOGAC) 

TESTLOGA: GOTO TLAFLO IF AL$FLOTYPE=1; 
* A IS AN INTEGER• 

GOTO DOMAINERROR IF AL$R#0; 
RETURNIF< AR=0 ); 
TEMP +-AR EOR l; 
RETURNIF< TEMP=Ql ); 
GOTO DOMAINERROR; 

* A IS FLOATING-POINT. 

* A=0 

* A=l 

TLAFLO: TESTEAUAL< AR, FLPT!R, DOMAINERROR ); 
TESTERUAL< AL, FLPTIL, DOMAINERROR ); 
AL+-INTTYPEB; AR+-ZERO+ZERO Pl ANDRETURN; * A=l 



******** 
* LE.C:S * 
******** 

* THI.C: OPERATOR ROUTINE RETURN.C: DIRECTLY TO GOOPRET ■ 

* A<B IF AND ONLY IF S!GNUMCA-Bl=-1. 
LESS: OPRET--*+12001?!~8; *HIGH ORDER 

G010 DIFFERENCE; 
BIT~ USED BY TRAP 

* OPCALLCOIFFERENCEl 

********* 
* E(.")UAL * 
********* 

OPRET+-GOOPRET _; 
GOTO OPRETURNJ IF AL$SIGN=l; 
GOTO OPRETLIRNI?!; 

* A<B 
* A>=B 

* THI.C: OPERATOR ROUTINf RETURN~ DIRECTLY TO GOOPRET ■ 

* IF A$TYPE=8$TYPE, THEN A=B IFF A$VAL=B5VAL ■ 

E0UAL: FTl <-AL EOR BU 
GOTO EAOIFTYPES IF FTI$L#0; * SIGNS OR TYPES DIFFERENT 
GOTO OPRETURNI?! IF FT1~R#0.; * A#B 
TESTNOTEPllALC AR, BR, OPRETURNl ); * IS A#B ? 

* 
0PRETURN0.: LINK<-OPRET; AL+-INTTYPEB; AR+-ZERO ANDRETURN; 
* 
* A5TYPE#8$TYPE OR AT LEAST ONE IS FLOATING-POINT ■ IF EITHER IS CHTYPE, 
* THEN A#R. 
EPOIFTYPE.C::TESTNOTE0UALC AL, CHTYPEB, 0PRETURN0 ); 

TESTNOTEPLJALC BL, CHTYPEB, 0PRETURN0 ); 
* A ANO BARF NllMBERS ■ A=B IFF SIGNUMCA-Bl=li'!=CINTTYPEB,0l ■ 

OPRET ... *+1~001?!~8; *HIGH ORDER BITS U~ED BY TRAP 
GOTO DIFFERENCE; * OPCALLCDIFFERENCE) 
OPRET<-GOOPRET; 
Tf.C:TEAUALC AL, INTTYPEB, 0PRETURN0 ); 
GOTO 0PRETURN0 IF AR#0; * TESTEQUALCAR, 0, 0PRETURN0l 

* OPRETllRNl: LINK<-OPRET; AL<-INTTYPEB; AR<-ZERO+ZERO Pl ANDRETURN; 
* 
OPRETllRNB: LINK<-OPRET; AL<-RL; AR<-BR ANDRETURN; 



* 
* 
* FLOATAC) CFLOATRC)) 
* CONVERT~ AL,AR CRL,BR) FQOM INTEGER TO FLOATING FORMAT ■ 

* FAIL~: IF AL,AR CBL,BR) IS ZERO ■ 

A~IGN,AEXP,FT1,FT2 ■ 

* BEGIN FLOATBC). 
* FLOATBC) INTERCHANGES A AND B, CALLS FLOATAC), AND AGAIN INTERCHANGES 
* A AND R. 
FLOATB: 

* 
FLBICH: 

* 

GOTO FLBICH IF BR#0; 
GOTO FRETURN IF RL$R=~; 

FTJ<-AL; AL--RL; BL<-FTI; 
FTI<-AR; AR<-BR; BR--FTJ; 

FT2<-LINK; 
CALL FLOATANZ; 
LINK <-FT2; 

* SKIP ZERO TEST 

* PE-INTERCHANGE A AND 8, THEN RETl'RN FROM FLOATBC) ■ 
FT I <-AL; AL<-RL; BL+-FTI; 
FTI<-A~; AR+-BR; BR--FTl ANDRETURN; 

* BEGIN FLOATAC). 
* CHECK THAT A#0. 
FLOATA: GOTO FLOATANZ IF AR#0; 

GOTO FRETlJRN IF AL$R=0; 
* UNPACK ASIGN AND SHIFT AL,AR LEFT 8 PLACES ■ 

FLOATANZ: A~IGN--~L AND SIGNB; 
6L<-AL LR; FTJ<-AR R8; AL<-AL OR FTl; 
AR<-AR LP; 

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

AEXP<-EXPBIA~+22; 
* TEST FOP ~HIFT BY 16 ■ 

GOTO FLTS IF AL#0; 
GOTO FLSP IF AR~0#0; 
.6EXP--AE:XP-16; 
AL--AR; AR<-lil; 

* TEST FOR ~HIFT BY R ■ 

FLTR: FTl+-AL AND MA~KCI,R); 
GOTO FLTLi21 IF FT1#0; 

FLSR: AE:XP<-AEXP-f<J 

* CAN AT LEAST SHIFT BY 8 

AL ►AL LR; FT1<-AR RBJ AL<-AL OR FTIJ 
Aj::' ► llP LR; 

* TEST FOR ~HIFT OF LES~ THAN 8 COONE I~ LOOP) ■ 

FLTL121: GOTO FLPACK IF AL~COEFBI=J; 
AFY.P+-AFXP-1; 
AR<-A~ Ll SO; AL+-AL SI LJ; 
GOTO FLSLi21 IF AL$COEFBJ=lil; 

* PACK SIGN, COEFFICIENT, AND EXPONENT INTO AL,AR AND RETURN ■ 

FLPACK: AL<-AL OR ASIGN; 

* 
FRETURN: 

AR+-AR OR AEXP ANDRETURN; 

LINK<-LINK-ONEINST; RETURN; 



* 
*INDEX= 1001MMMM ■ MIS THE EXPECTED RANK ■ 

INDEX: FIRSTBYTE+-FIRSTBYTE AN~AD RMASK4J * EXPECTED RANK 
CALL TOPJ..v-rnt\VE 5.. MINUTES T--0 5-8 

* FIRST OPERAND MU~T BE A~ ARRAY ■ 

TEMP+-AL AND SCATYPEB; 
GOTO RANKERROR IF TEMP#~; 

GOTO WHATERR IF AL~ARYTYPE=~; 
* FIRST OPERAND IS AN ARRAY -- INDEXERC) EXPECTS ITS ADDRESS IN Tl. 

Tl +-AR; 
T2<-LTOP-l; * ADORE~ S-¥-S-1'!!:M ■ •• ;-. 

SS OF JST SUBSCRIPT~ 
CALL INDEXER; * COMPUTE INDEX IN T3 

* IF AN "INDEX RAV_~" If\JSTRUCTION IS ADDED, IT SHOULD END WITH 
* A TRANSFER TO HERE: 
INDEXY: 

(ii) 

@ 

(ql 

(ol 

@ 

READTE~TGC Tl ); 
LTOP<-T2+1J 
FRP +-Tl ; 

* POP OPERANDS EXCEPT LAST 

@RREAK LINK~. * ADDRESS OF ARRAY TO FREE 

* 
* 

\•.JA I TREAD_; 
MEMDATAL+-MEMDATAL; MEMDATAR+-MEMDATARJ 
v-1RITELTOP; 
LINK+-CYCLE; * CALL DECRFCF(FRP) & 
GOTO DECRFCF; * GOTO CYCLE 

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

* 
* CALL: T~=FIRSTBYTE CONTAINS THE EXPECTED RANK; 
* Tl CO~TAINS THE G-RELATIVE ADDRESS OF THE ARRAY; 
* T2 CONTAINS THE L-RELATIVE ADDRESS OF THE FIRST 
* CLEFTMOST) ~LIBSCRIPT (SUCCEEDING 5UBSCRIPTS ARE AT 
* LOWER ADDRESSES). 
* RETURN: Tl IS UNCHANGED; 
* TP CONTAINS CL-RELATIVE ADDRESS OF THE LAST SUBSCRIPT)-}; 
* T3 CONTAINS THE G-RELATIVE ADDRESS OF THE SELECTED 
* ARRAY ELEMEt T ■ 

* LISE~: FVERYTHING, INCLUDING AL,AR,BL,BR• 

* CHECK THAT GIVEN AqRAY IS OF THE EXPECTED RANK AND SET UP THE 
* REGISTERS FOR THE MAIN LOOP• 
INDEXER: READT- S-T('-....(.__:f )-;-----.._;. * READ 1 ST HEADER WORD 
* T3 ACCUMULATES THE INDEX IN ARriAY •RAVEL; 
* T~ ~CANS THROUGH ADDRES~ES IN ARRAY ■ SHAPE; 

* BL l•!ILL CONTAIN INDEX ORIGIN, I'S COMPLEMENTED_; 
* TS SAVES THE RETURN ADDRESS ■ 

T3 +-0; 
T~+-Tl+SHAPEOFFSET; 

* 

BL+-FLAGS AND IORGB; BL+-BL EOR -J; 
TS ... LINK; 

TEMP ... MEMDATAL EOR FIRSTBYTE PAUSE; 
GOTO IXRNARG~RR IF TEMP$R#0; * WRONG NO ■ OF SUBSCRIPTS 

* REGIN MAIN LOOP ■ 
I 

--...1 



IXRLOOP: READTESTG< T4 ); * READ NEXT ARRAY SHAPE WORD 
T4+-TLI+}; 

* PREPARE TO MULTIPLY T3 BY THE NEXT SHAPE NUMBER ■ 
WA I TREAD; 
BR +-MEMDATAR; * BR+-SHAPE NUMBER 
GOTO IXRREADSUB IF T3=0; * <S TIMES 0)=0 

* TEMP WILL HOLD THE HIGH-ORDER BITS OF THE PRODUCT, WHICH ON 
* COMPLETIO~ WILL BE ALL ZEROS. 
* T3 re: THE MULTIPLifR, At\JD ON COt'✓.PLETION WILL CONTAIN <THE LOW-ORDER 
* BITS OF) THF PRODllCT ■ 

MLILTIPLY< T3, RR, TEMP); 
* FETCH THF NEXT C:[JRSCRIPT, \l!HICH SHOULD BE A NON-NEGATIVE INTEGER 
* LFSS THAN 2t16 ■ 

IXRREADSUR: READL < T2 ) ; 

* 

TEMP+-LBASE+2; TEMP+-TEMP EOR -1; ZERO+-T2+TEMP Pl; 
GOTO STKUFERR IF NOCARRY; * STACK UNDERFLOW 
T2+-T2-1; 
AL+-MEMDATAL PAUSE; AR+-MEMDATAR; 

LINK+-IXRINT; 
GOTO FIXA 
GOTO TYPFFRt?OP 
GOTO 
GOTO 

IX ,..:_ 

IF AL$FLOTYPE=l; * CALL FIXA IF AL$FLOTYPE=l 
IF AL$CHTYPE=l; 
IF AL$ARYTYPE=l; * ONLY SCALAR SUBSCRIPTS OK 
IF' AL5UNDFTYPE=1;* NO "MISSING SUBSCRIPTS" 

GOTO WHATERR IF AL$INTTYPE=0; 
* SUBSCRIPT IS <NOW) AN INTEGER ■ CHECK IT AGAINST THE ARRAY BOUNDS ■ 

IXRINT: GOTO INDEXERROR IF AL$SIGN=J; * SUBSCRIPT<0 
GOTO INDEXERROR IF AL$R#0; * ?t16<=SUBSCRIPT 
AR+-AR+RL Pt; * SUBTRACT INDEX ORIGIN 
GOTO INDEXERROR IF NOCARRY; * SUBSCRIPT<INDEX ORIGIN 
TEMP+-BR EOR -1; ZERO+-AR+TEMP PlJ 
GOTO INDEXFRROR IF CARRY; * UPPER BOUND<=SUBSCRIPT 

* 
T3+-T3+AR; * ACCUMULATE RESULT 

* .,,./F}✓ .. ",/-

FIRSTBYTE+-FIRSTBYTEk- /~ 1 

GOTO IXRLOOP IF FIRC:TBYTE,0; 
* NOW T4 CONTAINS @ARRAY ■ RAVEL[FIRSTJ AND T3 CONTAINS THE DESIRED 
* REc:tlLT LESS T4. 

T3 +-T 4+T3; 
* 

LINK--TS; 
RETURN; 

/ 
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* 
* ~HORTCONST = 101LLLLLLLLLLLLL. 

*LI~ A ~IGNEO-MAGNITLJDE INTEGER TO BE PUSHED ONTO THE SlACK. 

SHORTCON~T:CALL NEXTRYTE; 
~ * TEMP~NEXTBYTEC) 

MEMDATAL~INTTYPEB; 
GOTO SCY IF FIR~TBYTE$OPCB3=0; * NUMBER IS POSITIVE 
MEMDATAL~s 

@IGNB+INTTYPEB; * NEGATIVE 
~CY: FIRSTBYTE~FIRSTBYTE AND RMASK~; 

FIRSTBYTE~FIRSTBYTE LS; 
MEMDATAR~FIRSTBYTE OR TEMP; 
INCLTOP; 
GOTO WLCYCLE; * WRITELTOP & GOTO CYCLE 



* 
*ETC= 11NNNNNN. 

* 
* TRANSFER VECTOR FOR ETC. 

ETCTAR: DATA UNDEFINED; 
, DATA EA.Tl; 

DATA INTERCHANGE; 
DATA SETORIGIN; 
DATA GETORIGIN; 

* APL MIXED OPERATORS NEXT: 

* 
I 

* 

* 

* KESFJ::; VED 

* 

DATA SHAPE; 
DATA RESHAPE; 
DATA RAVEL.; 
DATA CATENP,TE; 
DATA I NDEXGEN; 

DATA CONSCALAR; 
DATA CONVEC; 

DATA RRAf\JCH; 
DATA GO; 
D.C,TA GOTRLIE; 
DDTA GOFAL.c:: E; 

DATA PETllPNF; 
DATA CALLFCN; 
DATA CYCLE_; 
DATA BKPTTRAP; 
DATA ATTNTPl\p; \ 
FOR FLITIJRE E>:P~SION: 
DATA -ETC-++N-D-E-R--R ~ '-~ V <-. 
DATA ETCUNDERR; 
DAlA ETCLINDERR; 
DATA ETCUi\JDEPR; 
DATA ETCLINDERR; 
DATA ETCUNDERR; 
DATA F:TCUNDERR; 

nc FTCUNDOPi\1 .... *-ETCTAB; 
* IMPORTANT: 

* 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 

* CIMMEDIATE) CONSTANT SCALAR 
* VECTOR 

* MONADIC RIGHT-ARROw 
* (UNCONDITIONAL JUMP) 
* CJUMP ON TRUE) 
* CJUMP ON FALSE) 

* CRETURN FROM FUNCTION) 
* CALL FUi\iCTION 
* NO OPERATION 

t-- Ol't_.,<>r-* CAUSE BREAKPOINT TRAP 
* CAUSE ATTENTION TRAP 

* THF VALUE "fTCUNDOPi'.:" f-'ilJC::T RE EVEN AND f\1OT GREATER THAN 6LJ. 

* 
* BEGIN ETC• 
ETC: FIRSTBYTF<-FIR~TBYTE AND RMASK6; 
* THE FOLLOWING TEC::T IS NOT NECESSARY IF ETCUNDOPN=63• 

TESTLESSC FIRC::T8YTE, FTCUNDOPN, ETCUNDERR ); 
LINK<-FIRSTRYTE+ETCTAB; 
LINK<-ZERO LOAD 0; 
GOTO 0 IX; 



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

l'NDEFINED: INCLTOP; 

* 

MEMDATA L<--L11'l!DFT YPER; MFMDAT AR <--0; 
GOTO l•.ILCYCLE; 

* REMOVE ONE ELEMENT FROM THE STACK. 

EAT 1 : 

* 

CALL TOP; 
LTOP<--LTOP-J; 
LI NK<--CYCLE_; 
GOTO DECPFC; 

* CALL DEC~FC & 
* GOTO CYCLE 

* INTERCHANGE THE TOP T~O ELEMFNTS OF THE STACK. 

JNTFRCHANGE:CALL TOP?; 
TF.MP<--LTOP-1; 

* 

MEMDATAL<--AL; MEMDATAR~AQ; 
kP I TE L C TE 1'1 P ) ; 

MEMDATAL ►BL; MEMDATAR ►BRJ 

GOTO h1LCYCLE; * 111RITELTOP & GOTO CYCLE 

* EXCHANGE THF TOP ELEMENT OF THE STACK kITH THE INDEX ORIGIN BIT 
(@ 

@BREAK LINKS.• 

* THE OPERAND MU.C:T BE A "LOGICAL" C=(IJ OR J) SCALAR OR 1-ELE1V1ENT ARRAY• 
SV.:TO~IGIN: CALL PSr.:LIDOINT; 

CALL TE.C:TLOGA; * ENSURES INTEGER 0 OR 
M~MDPTAL<--INTTYPF8; MEMOATAR<--FLAGS AND IORGB; 
CLEA~FLAGC IORGB ); * CLEAR INDEX ORIGIN & 
SETFLAGC AR ); * SET IT FROM BIT IN AR 
GOTO l•.'LCYCLE; 

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

GFT OR I GIN: I NC L TOP; 
MEMDATAL<--INTTYPER; MV.:MDATAR ► FLAGS AND IORGR; 
GOTO \•1LCYCLE; 



* * ,HAPF. <"MONADIC RHO") 
* FOR ALL A, <SHAPE A) RETUR~S A VEC10R OF LENGTH A ■ RANK ~HOSE 
* ELEMENTS ARE THE ~InTH, OF THE COORDI~ATES OF A ■ 

* LOAn OPFRAND INTO AL,AR ■ 

C::HAPF.: CALL TOP; 
* MKNELT, WILL CONTAIN THE LENG1H OF THE RE~ULT VECTOR ■ 

MKNELTS ... ~; * RANK OF C::CALAR IS ZERO 
TEMP--AL AND ,CATYPER; 
GOTO C::HPALLOC IF TEMP#~; * OPERAND IS SCALAR 
GOTO ~HATERR IF AL~ARYTYPE=~; 

* OPERAND re:: AN ARRAY ■ SET MKNELTS TO ITS RANK ■ 

QEADTESTGC AR ); * READ 1ST HEADER ~ORD 
MKNELTS--MEMDATAL AND RANKB PALJC::E; 

* CREATE A VECTOR OF LENGTH <MKNELTS). 
SHPALLOC: CALL MAKEVEC; * RPTR--MAKEVECCMKNELl~) 
* C::ET OPFLAG, FOR LJ.,E RY THE GENERALIZED OPERATOR APPLICATION 
* MECHANic::M. 

~ETFLAG< MONOPB+RARRAYB ); 
* FINIC::H C::ETTING llP FOR GENERALIZED OPERATOR APPLICAl ION ■ 

APTR--AR+C::HAPEOFFSETJ 
OP NO ... I DOPNO; 
GOTO GENOP; 

* APTR--@A ■ SHAPE[FIRSTJ 



* 
* RF SHAPE ("DYADIC RHO") 
* ROUGHLY C:PFAKii\G, CC\ REC:HAPE 8) RETLIRNC:: AN ARRAY v.ITH C::HAPE A ANO 
* RAVEL R. A MllC:T RE A VECTOR <SPECIAL CAC::E: A SCALAR) v.HOC::E ELEMEN1·c:: 
* ARF NON-NEGATIVE Ii\TEGER.C:: LE<::.c:: 1HAN 2tJ6 AND v-.HOSE PRODlJCT IS LESS 
* THAN ?1J6 ■ THE ONLY CONSTRAINT ON B IS THAT IT MAY BE EMPTY ONLY IF 
* SOMF. ELEMFNT OF A IC:: ?ERO. 

* LOC\D OPERAND<:: II\TO AL,AR AND RL,BR ■ 

RESHAPE: CALL TOP?; 
* DIC:PATCH ON TYPE OF A ■ 

GOTO RC::AFLO IF 
GOTO RSAINT IF 
GOTO TYPEERROR IF 

AL~FLOTYPE=I; 
AL~Ii\•TTYPE=l; 
AL~CHTYPE=l; 

GOTO RSAARR 
GOTO wHATERR; 

IF AL~ARYTYPE=J; 

* A IS FLOATING-POINT ■ 

RSAFLO: CALL FirA; 
*AI<:: <NO\.li) Al\1 INTEGER ■ 

RSAINT: GOTO DOMAINERROR IF AL~<::IGN=J; 
GOTO DOMAINERROR IF AL~R#0; 
MKRANK<-1; 
MKNFLTC::<-AR; 
GOTO RSCHFCKB; 

* A IS AN ARt;?AY ■ IT MLIST RF OF RANK ONE ■ 

R<::AARR: READTESTG < AR ) ; 
TEMP--MEMDATAL EOR 1 PALJC::E; 
GOTO RANKERROR IF 1EMP$R#0; 

* IF A IC:: Ftv'PTY THE RFSULT l\'ILL RE .c::CALAR ■ 

REP.DTESTG< AR Pl ); 
'v-.'/:l I TREAD; 
MKRANK<-MEMDATAR; 

* CONVERT 10 INTEGER 

* C::HAPE NUMBER<0 
* ?t16<=SHAPE NUMBER 
* RANK OF RESULT; 
* LENGTH OF RESULT 

* READ !ST HEADER V\ORD 

* READ 2ND HEADER ~ORD 

GOTO RSRC::CA IF MKRANK=~; * REC::LJLT v.ILL BE SCALAR 
* OTHER\r.JISF A MLIST HAVE FEl-.ER THAN 256 ELEMENTS ■ 

GOTO LENGTHFRROR IF MKRANK$L#0; 
* THE PRODL1CT OF THE ELEMENTS OF A i,.,ILL BE COMPUTED IN MKNEL1S ■ 

MK NE LT c: ,_ 1 ; 
* APTR ldLL <::CAN RACKt,ARDC::, THROUGH A ■ 1'A\JEL ■ 

T~--AR+SHAPEOFFC::El; APTR--T~+MKRANK; 
RC::C::,HPLOOP: RFADTESTG< APTR ); * READ NEXT SHAPE NUMBER 

AL<-MFMDAT.AL PAUSE; .C\R<-MEMDATAR; 
GOTO RC:C:FLO IF AL~FLOTYPE=J; 
GOTO RC::C:INT IF ALJINTTYPE=J; 
GOTO TYPEERROR IF AL~CHTYPE=J; 
GOTO tmATFRR; 

* C::HAPf. l\lllMRER Jc:: FLOATii\G-POINT ■ 

CCILL FIXA; 
MFMDATAL<-AL; MEMDCITAR<-AR; 
\o.'R I TE G < P P TR ) ; 

* C::HAPF NLW·RER IC:: (NOW) AN INTEGER ■ 

* CONVERT 1 0 I Nl EGER 

* 
* 

AND 
UPDA1E A! 

R<::.c::INT: GOTO DOMflINFR~OR IF ALi.c::JGN=1; * SHAPE NUMBER<vl 
GOTO DOMAINERROR IF AL$R#~; * 2tJ6<=~HAPE NUMBER 

* C::ET MKNELTC:: TO <MKNFLT~) TIMF~ <AR) ■ 



MllLTIPLYC MKNELTc:, ,C\R, TEMP ); 
GOTO OOMOINERROR IF TEMP#~; * 2t]6<=PRODUC1 

* APTR<-APTq-1; * S1EP BACK ONE 
TE<::;TEr.iLIAL< APTR, 10, R<:;SHPLOOP ); * MORE ELEIV,ENTS OF A.RA\/EL 

* RF~TORF THF ORRAY OF<:;CRIPTOR IN AL,AR• 
AL<-C\RYTYPfR; AR--APTR-C:HAPEOFFC:El; * CAP1R)=®A.SHAPEO IRST J 

* R MAY RE EMPTY ONLY IF THE REC:ULT ARRAY I.I.ILL BE EMPTY• 
RC:CHECKR: GOTO RSALLOC IF MKNELTS=~; * RESULT wILL BE EMPTY 

TEMP<-BL AND SCATYPEB; 
GOTO RSALLOC IF TEMP#0; *BIS SCALAR NOT EMP1Y 
GOTO WHATERR IF BLJARYTYPE=0; 

* B IS AN ARRAY• 
READTESTG< BR Pl ); 
WA I TREAD; 
GOTO LFNGTHERROR IF MEMDATAR=0; 

* CREATE THE REC:LILT ARRAY BLOCK. 
RSALLOC: CA.LL M/'.IKE; 

~FTFLAG< RARRAYP ); 
* MKP<-MAKECMKRANK,MKNELTS) 

* CATCOPY<) ULL RE lJC:ED TO FILL IN THE SHAPE. AND RAVEL OF THE NEI.I. 
* ARRC\ Y. 

* 

* 

NFLTS ► MKR/'.INK+MKNELTS; 

RPTR--~~P+~HAPEOFFSET; 

CALL CATCOPYJ 

AL ►RLJ /.H" ► RR; 

RSRAVLOOP: CALL COTCOPY; 

* 

GOTO RSRAVLOOP IF NFLTC:#0; 
GOTO GENOPFIN; 

* NEL1S IS MAX NO. 10 COPY 
* RP1R ►@RESUL1 .SHAPE[FIR<:;1 J 

* FILL IN THE C:HAPE ~OROS 

* FILL IN SOME RA\/EL I.I.OROS 
* NOT FINIShED YET 

* A IS CII\ EMPTY \/FCTOR, c;o THF RE~LJL1 kILL RE C:CALA~. 8 MUST BE 
* NON-EMPTY• 
Rc;RSCA: TFIVP ►RL A~D SCATYPEB; 

GOTO RC:RRSCA IF T~MP#0; 
GOTO ~HATERR IF BL~ARY1YPE=0; 

*RIC: 01\1 APpAy. 

* 

RFADTEC:TGC RR Pl ); 
~•'A I TR EA [) ; 
GOTO LFNGTHERROR IF MEIVDC\TAR=0; 

FRP ►RR; 
Tl <-LTOP-l; 
LINK<-RFC:HAPF; 
GOTO PEEL; 

* q IS SCALAR• 
RC:R8~CA: MEMDATAL~BL; 

LTOP ►LTOP-l; 

l• R I T EL TOP ; 
FRP~AR; 
LINK ►CYCLE; 

GOTO DECRFCF; 

* B Jc: EMPTY 

* CALL PE.EL & 
* G010 RESHAPE 

* CALL DFCRFCF<FRP) & 

* GOTO CYCLE 



* * RAVJ;"L ("IV10I\JAnrc CO~M.6") 
* IF A r.c: Al\1Y VALLIE, THEN <RAVEL A) RETURN.C: A VECTOR v.HO.C:E LENGTH rs 
* THE PRODUCT REDUCTION OF <SHAPE A) AND wHOSE ELEMENTS ARE THE 
* ELEMENTS OF A, ORDERED LFXICOGRAPHICALLY BY SUBSCRIPTS ■ 

* LOAD OPERAND INTO AL,AR ■ 

RAVEL: CALL TOP; 
* DIC:PATCH ON TYPE OF OPEQAND ■ 

* MKNELTC: ~ILL CONTAII\ THE LENGTH OF THE RESULT VECTOR ■ 

MKNF.:LTS+-1; 
* 

TEMP+-AL AND SCATYPEB; 
GOTO RAVALLOC IF TEMP#~; 
GOTO ~HATERR IF AL$ARYTYPE=0; 

* OPFRAND IS AN ARRAY ■ 

* IF ITC: RANI-< r.c: ONE, <RAVEL A) re: JUST A ■ 

RECI.DTESTG< AR ); 

* 

TEMP ►MEMDATAL AND RANKB PAUSE; 
TESTNOTEPUAL< TEMP, l, CYCLE ); 

READTESTG< AR Pl ); 
l1AITREAD; 
MKNELTS+-MEMDATAR; 

* CREATE THE RESllLT VECTOR ■ 

RAVALLOC: CALL MAKEVFC; 
* SET OPFLAGC: FOR GENOPFI1 • 

SETFLAG< MONOP8+RARRAYB ); 

* OPERAND IS SCALAR 

* ? 

* READ 1ST HEADER WORD 

* READ 21 D HEADER ~ORD 

* 11.C::E CATCOPYC) TO FILL IN THE ELE'MENlS OF THE 1\JEw VECTOR ■ 

* MAKEVEC<> SET RPTR TO @RESULT ■ RAVEL[FIRSTJ ■ 

LINK+-GENOPFIN; * CALL CATCOPY & 
GOTO CATCOPYJ * GOTO GENOPFIN 



* 
* CATFNl'.\TE ("DYADIC COMM?'.\") -- FOR OPERANDS OF RANK LE.S.S lliAN 1 wo. 

* LOAD OPERANDS INTO AL,AR AND BL,BR ■ 

CATENATF: CALL TOP?; 
* DI.SPATCH ON TYPE OF FIRST OPERAND. 
* THE LFNGTH OF THF RF.C:ULT v,ILL 8E COMPLllED IN MKNEL1S. 

MKNFLTS ... 1; 
TEMP ... AL AND SCATYPEB; 
GOTO CATDISPB IF TEMP#0J * FIRST OPERAND I~ .SCALAR 
GOTO ~HATERR IF ALSARYTYPE=Oi; 

* FIRST OPFRANn re: AN ARRAY ■ ITS RANK MUST BE O~E. 

* 

RFAnTFSTGC AR ); 
TEMP ... MEMDATAL EOR l PALIC:.E; 
GOTO Rl'.\NK-FRROR IF 1EMP$R#0; 

(..., ' 

READTESTG C AR Pl ) ; 
~,1.6 I T R EA D ; 
MKNFLTS ... MEMDATAR; 

* DISPATCH ON TYPE OF SECOND OPERAND. 
CATDISPR: TEMP ... RL AND SCATYPEP; 

* READ l.Sl HEADER ½ORD 

* READ 2ND HEADER v,ORD 

GOTO CATRSCA IF TEMP#~; * .SECOND OPERAND I.S .SCALAR 
GOTO WHATERR IF 8L$ARYTYPE=0; 

* Sfr::m,m OPFRAND IC: AN ARRAY· ITS RANK MUST BE ONE. 

* 

* 

RFAOTEC:.TGC RR ); 
TEMP ... MEMDATAL EOR PAUSE; 
GOTO R-A~~l<~ROR IF TEMP$R#Oi; 

<.... # 

READTFC:.TGC RR Pl ) ; 
l-.JA I TREAD; 
MKNELTC:. ... MEMDATAR+MKNELTS; 

GOTO CATALLOC; 
* SECOND OPFRAND IS C:CALAR ■ 

CATRSCA: MKNELTS ... MKNELTS+J; 
* CRFATE VECTOR TO HOLD RF.SLJL1. 
CATALLOC: GOTO LENGTHERROR IF OVERFLOk; 

CALL MAKEVFC; 
* C:FT OPFLAGS FOR GENOPFIN ■ 

.SETFLAGC RARRAYR ); 
* FILL IN THE FLFMFNTC: OF THE REC:LJLT. 

* READ 1ST HEADER v,ORD 

* READ 2ND HEADER ½ORD 

* RE.SLILT LEI\IGTH MU.ST BE<2tJ6 
* RPTR ... MAKEVECCMKNELT.S) 

* CATCOPYC) COPIES FLEMENTC: OF OBJECT DESCRIBED BY AL,AR INTO RE.SULT 
* VECTOR AND INCRFMENTS RPTR ■ NELTS IS AN UPPER BOUND ON lHE 
* NllMRER OF ELEMENTC: COPIED ■ 

NE LT .C:. ... ? 1 1 6 - l ; 
CALL CATCOPY; 
AL .... RLJ Ai:.> ... RR; 
LINK ... GENOPFIN; 
*GOTO CATCOPY; 

* RESULT ■ NELT.S<=2tJ6-1 

* CALL CATCOPY & 

* GOTO GENOPrIN; 



t 
~ CATCOPYC) -- COPY ELEMENTS OF A INTO RESULT VECTOR. 
* CALL: AL,AR+-DESCRIPTOR CFOR SCALAR OR ARRAY); 
* RPTR+-INITIAL ADDRESS IN RAVEL OF RESULT VEC10R; 
* NELTS+-MAXIMUM !\UMBER OF ELEMENTS TO COPY; 
* CALL CATCOPY • 
* C::ETC::: 
* 
* 
* 
* LIC::F c::: 

CATCOPY: 

GSEG[RPTRJ, ... ,GC::EG[RPTR+N-1 J TO APPROPRIATE ELEME1\ITS OF A; 
RPTR TO CRPTR+N); 
NFLTS TO CNELTS-N); 
~HERF N = MINIMLJMCNELTS,A.NEL1S). 
APTR,RPTR,TR,T9=TEMP. 

RFTIIRNIFC NELl.C::=171 ); * NOTHING TO COPY 
* DIC::PATCH ON RANK OF OPERAND. 

TFMP .. AL AND SCATYPE8; 
GOTO CATCOPSCA IF TEMP#0; 
GOTO wHA1ERR IF AL~ARYTYPE=~; 

* OPERAND IC:: 0N ARRAY. 
READTESTGC AR ); * READ 1ST HEADER wORD 
APTR .. AR+SHAPEOFFSET; 
TEMP+-MEMDATAL AND RANKB PAUSE; * TEMP+-A0 RANK 
APTR+-APTR+TEMP; * APTR+-A0 RAVEL[FIR~1J 

* 

* 

READTESTGC AR Pl ); 
WA IT RF.AD; 
TF<+-MEMDATAR; 

CATCOPLOOP:RFTLIRl\'IFC NFLTS="1 ); 
RETlli;>NIFC TP=Oi ) ; 
[\ 1f. LT S .. f I E LT S - 1 ; 
TP+-TF<-J; 
RFAnTFC::TGC APTR ); 
tip TR +-APTR+ 1 ; 
HA I TREA.D; 

* READ 2ND HEADER WORD 

* Tf~+-A.NELTS 

MEMnATAL+-MEMDATAL; MEMDATAR+-~EMDATAR; 
Tf~TGWRITFC ~PTR ); 
qp TR +-R PTR+ 1 ; 
GOTO CATCOPLOOP; 

* OPERAND re:: SCALAR• 
CATCOPC::CA: MEMDATAL+-AL; MEMDATAR+-ARJ 

TFC::TG\.\'RITEC RPTR ) ; 
f\FLTS+-NFLT.C::-J; 
PPT~+-RPTR+ZFRO Pl ANDRETURN; 



--- * * INDFX GENERATOR C"f"'·011C\DIC IOTA") 
* IF L re: A NON-NEGATIVE PSELIDO-IN1EGER, CINDEXGEN l) RETURN~ AN 
* L-ELFMT,i\lT VECTOR CONTAINING THF INTEGERS IORG,IORG+J, ••• ,IORG+L-1. 

INDFXGEN: C~LL PC::EllnOINT; * LOAD 11\TEGER ARG I1°TO AL,AR 
* THE OPERAND MLIST RE NON-NEGATIVE AND LEC::S THAN 2T16° 

GOTO DOMAINERROR IF ALJSIGN=J; * ARG<~ 
GOTO DOMAINERROR IF AL~R#~; * 2T16<=ARG 

* CREATE THE RESULT VECTOR. AR COtlTAIN~ THE NUMBER OF ELEMENTS. 
MKNF.LTS ... AR; 
CALL MAKEVEC; * RPTR ... MAKEVEC<MKNELTS) 

* LISE GENOP TO FILL IN THE ELEMENTS OF THE NEW VECTOR. 
SFTFLAG( ~O~OP8+C\C::CALARR+RARRAYB ); 
APTR ... FLAGC:: AND IORGB; * APTR ... INDEX ORIGIN 
OPNO ... IGOPi\O; 
1,QTO GF:NOP; 

* POl1Til'!E FOt;i I-TH c:TE.P: 
IGFLT: LINK ... OPRET; 

AL ... INTTYPFP; AR ... APTR ANDRETLIRN; 



* 
* CONC:COLOP -- CIMl"FDIATE) CONC:TAN1 C:CALAR ■ A ~?-RIT SCALAR DESCRIP10R 
* FOLLOhC: IN THI:: INC:TRLJCTIOI\: .c:EnUEI\CE ■ 

CONC:CALAR: COLL NEY1?; 
AL<-TF!ViP; 

* TEMP<-NEYT2C) 

C~LL NEYT2; * TEMP<-NEYT2Cl 
MFMDATAL ►AL; MEMDATAR ► TEMP; 

INCLTOP; 
GOTO ~LCYCLE; * \\RI1ELTOP & GOTO CYCLE 

* * CONVEC -- Cil",!V;EOIATF> CON'C:1Al\1 \/EC10R ■ 

* * FIRC:T RYTF OF CONVFC If\ 1C:TRLICT ION IS ITC: ETC-CLAsc: OPCODE; 
* C:FCOND RYTE IS ELEME'f\JT COUNT C0<=COlJN1 <=255); 
* THI:: ZERO TO THREE RYTES UP TO THF I\EXT FULL~ORD BOUNDARY ARE IGl\:ORED; 
* FINALLY COME THE ~?-RIT SCALAR DEC:CRIP10R.c:, 011E TO A FULL\\ORD ■ 

* C:ET MKNFLTS ►NFYTBY1EC). 

CONVEC: CALL NEYTRYlFJ 
MKNFLTS ►TEMP; 

* TEMP<-NEXTBYTECl 

* CRFATE RFQLILT VEC10R, C:ETTING MKP TO ITS 81'.\C.F ADDRESS AND RP1R TO 
* ADDRFC:C: OF FIRC:T \\ORD OF ITS RAVFL. 

CALL Ml'.\KEVFC; * MKP,PPTR ► MAKFVECCMKI\ELTS) 

C:FTFLAGC RARRAYP ); * FOR TRAP HANDLING 
* C:FT Tl TO PRAC:E-RELATIVF FULLvO~D ADDREC:C:: OF NEXT CODE ~ORD ■ 

T--1 ..P{:;--=f-R-+ ~ ; 1' ¥ T 1 R H 1 l ,. f t R t , * T 1 ... C E I L C P C T R I Li ) 

** v1HILF. i"1KNFLTC:#li\ no;K ,it- '"'/pcPP~j if ?,Pc-~ .. ~r,eo 
** MKNELTS+-MKNELTS-1;--- i---'". _ ,t.!_ /lL • 

_._-/-, l' I ** GC:FG[RPTRJ ►PSEG[PRASE+Tl J; ~ •-Ct> I?: , t, 
** T 1 +-T 1 + 1 ; I 

** RPTR+-RPTR+l; 
** END\t,.IHILF; 
CVLOOP: GOTO CVFIN IF MKNFLT<::=~; 

MKNELTS+-MKNELTS-1; 
TEMP ►PBA<::F+T1; 

PFClnTEC:TP C TFtv,P ) J 
W) ITC/FAD i >, r;z ~ r~ .J ~ CJ.n7P'P,67, / ., 
MEMDATAL+-MEMDATAL; MEMDATAR ► MEMDA1AR; 

. ~E~T8b,JRI'fE< RPTt, ))!:). TE.s1L1::u(r✓Je~70YTI: jJA<:~oFt; l'"u.t.cj 'TLe--7)~,/1 
Tl =T 1 I 1 ; C t,,W.5/0E • C,v IC I _r-1; 6- { K PTR)/,. I I 

RPTR+-RPTF+lJ • 'J 
GOTO C VLOOP; 

* INCRFMENT LTOP, SET L,EG[LTOPJ 10 A DESCRIPTOR FOR THE NE~ ARRAY, AND 
* C:ET PCTR ►.HTJ • 
CVFIN: INCL TOP; 

MEMDATAL+-ARYTYPER; MEMDATAR+-l"KPJ 
PCTR ►Tl+T1 LJ; 
GOTO i,,.,LCYCLF; * ~RITELTOP & GOTO CYCLE 



* * RRANCH ("MONADIC RI GHT-ARR0v1") 

BRA NCH: CALL TOP; * LOAD OPERAND INTO AL,AR 
* 8ISPATCH ON TYPE OF OPERAND ■ 

GOTO BRAFLO IF AL$FLOTYPE=J; * OPERAND IS FLUATING-POINl 
GOTO BRAINT IF AL~INTTYPE=J; * Ii\lEGER 
GOTO TYPFERROR IF ALfCHlYPE=I; * CHARACTER 
GOTO WHATERR IF ALJARYTYPE=0; * ? 

* OPERAND IS AN ARRAY ■ IT MUST BE OF RANK ONE ■ 

READTESTGC AR ); * READ 1ST HEADER WORD 
TEMP<-MEMDATAL EOR l PAUSE; 
GOTO RANKERROR IF TEMP$R#0; * RANK#l 

* IF THE ARRAY rs EMPTY, THE BRANCH NO-OPS ■ OTHER~ISE, THE FIRST 
* ELEMENT OF THE ARRAY IS USED AS THE ARGUMENT FOR BRANCH ■ 

* NEL T.~=V,. 

READTE.<:::TG C AR P 1 H * READ 2ND HEADER vJORD 
FRP<-AR; 
Tl .... L TOP; 
LINK .... g RA i\lCH; 
wA I---:rRE/\D; 

GOTO PF.EL IF MEMD-~'f-A.R.#0; 

LTOP<-LTOP-1; 
LINK<-CYCLE; 
GOTO DECRFCF; 

II l 

* MEMOATAR CONTAINS NEL1·s 
* PEELCFRP,Tl) & GOlO BRANCH 

* POP ARRAY FROM STACK 
* CALL DECRFCFCFRP) & 
* GOTO CYCLE 

* OPERAND IS FLOATING-POINT ■ CONVERT IT TO AN INTEGER ■ 

BRAFLO: CALL FIXA; 
* OPERAND IS AN INTEGER ■ 

* RFTllRN FROM THE CURRENT PROCEDURE IF lHE OPERAND IS NON-POSITIVE 
* OR LARGER THAN THE NUMBER OF LINES IN THE CURRENT PROCEDURE ■ 

RRAINT: GOTO RETURNF IF AL$SIGN#0; * ARG<0 
GOTO RETLIRNF IF /'.'>L$R#0; * NLINES<2f16<=ARG 
GOTO RETURNF IF AR=0; * ARG=0 
READTESTPC PRASE ); * READ 1ST PROCEDURE HOR WORD 
Tl<-MEMDATAL ANO NLINESB PAUSE; 
T2 <-AR EOR - 1 ; 
Tl<-Tl+T2 Pl; * Tl<-NLINES-ARG 
GOTO PETl.lRNF IF Tlfi?,=IJ * NLINES<ARG 

* SET THE P-COUNTER TO THE ELEMENT OF THE LINE TABLE INDEXED BY THE 
* OPERAND ■ CLINE TABLE ELEMENTS ARE PACKED TWO PER ~ORD, FOLLO~ING 
* THE r.ODF.) 

LTOP<-LTOP-1; 
READTESTP C PBASE P 1 ) ; 
Tl<-PBA~E+CODEOFFSET; 
AR +-AR-1 ; 
AR<-AR Rl c:;o; 

Tl <-M~MDATA.L+T1 PALl<:;E; 
Tl+-Tl+AR; 
READTESTP C T 1 ) ; 
TEMP<-MEMDATAL PAllSE; 
GOTO GOGO IF NOSPILL; 
TEMP +-MEMDATAR; 
GOTO GOGO; 

* POP ARG FROM STACK 
* READ 2ND PROCEDURE HOR WORD 
* <:;TART OF CODE 
* PREPARE FOR }-ORIGIN INDEX 

* MEMDATAL HAS CODE LENGTH 

* READ LINE TABLE ~ORD 

* LINE NUMBER Jc; EVEN 

* ODD 



* 
* GO CNOT A STONDARD APL OPFRATORJ 

GO: 
GOGO: 

* 

Cl'.\LL NFXT2; 
Tl+-TEMP Rl; Tl+-11 RJ; 
7-ERO+-PNLEN+TJ; 
GOTO PERR IF CARRY; 
PC TR +-TEMP; 
GOTO CYCLF; 

* TEMP +-NEXT2 C) 
r 

* TESTPADDR C Tl ) 

* GOTPIIE,GOFALC:F CNOT STANDA~D APL OPERATORS) 

GOTRLIF: 

* GOFO LSE: 

* GOCOND: 

RR +-1 ; 
GOTO GOCOND; 

CALL NEXT2; 
RL+-TEMP; 
CALL PSEUDOINT; 
CALL TE<::TLOGC\; 
LTOP+-LTOP-1; 
AR<-AR EOR PR; 
GOTO CYCLE IF AR#~; 
TFMP+-RU 
GOTO GOGO; 

* TRANSFER ON TRUE 

* BRANCH ON FALSE 

* TEMP <-NEYT2 C ) 

* PSEUDOINTCJ, TESTLOGAC) 
* S.lWE BL,BR 
* POP OPERAND FROM STACK 

* NO TRANSFER 
* TRANSFER 



* * RFTllRNF -- RFTl.lRN FROM Fllf\tCTIOI\' 

* <.::AVE THE LEFT HALF OF THE FIR<.::T HEADER ~ORD OF THE CURRENT FUNCTION 
* BLOCK IN T01. 
RFTllRNF: RFADTEC::TP < PBASE ) ; * READ J Sl PROC. HEADER \I.ORD 

1~+-MFMDATAL PAUSE; 
* GENERATE A TRAP IF THE GLOBAL FUNCTION TRACE MOOE IS TURNED ON 
* ANO THE RFTLIRN TRAP RIT OF THE CURRENT FUNCTION IS SET• 

GOTO RFl IF FLAGS$FCNRTRC=~J* NO RETURN TRACING 
GOTO RTl\'l~AP IF T~$RTNTRACE=J; 

* <.:: ET T 1 TO THE i LIMBER OF LOCAL c:; OF 1 HE CURR El\ 1 FU~CT I ON, I • E. TO 1 HE 
* M 1 r✓.Ri;-R OF ARGllfV,ENT VAR I ARLES PLUS THE !\UMBER OF LOCAL \.iAR !ABLES. 
RF1: Tl +-MEMHHPR RP; 

Tl +-Tl Rl; Tl +-Tl Rl; Tl +-Tl Rt; Tl +-Tl Rl; 
TEMP+-MEMDATAR AND NLOCALSB; 
Tl +-T 1 +TEMP; 

* SET T2 TO THE LBASE OF THE FUNCTION BEING RETURNED TO. UNLESS THIS 
* IS LES.S THAN THE CLIRRENT LRA<:E, GEi\ERATE A "RETURN FROM LEVEL ZERO" 
* TRAP• 

READL< LBASE ); 
T2+-MEMDATAL PAUSE; 
TEMP+-LBAC::E EOR -1; 
ZERO+-T2+TEMP Pl; 
GOTO RETURNFRROR IF CARRY; 

* CHECK THAT THE RE<:LILT VALUE IS DEFINED 
* THE CLIRR ENT FLINCT I ON HA<.:: A RF SULT. IN 
* OF THE .,.!OPMO<.::T" LOCAL TO BE RELEASED• 

* T2>=LBASE 
AND SAVF IT IN AL,AR, PROVIDED 
ANY CASE SET T3 TO lHE ADDRESS 

T:1+-LBAC::E-1; 
GOTO RF2 
GCTO LE~R 

IF T05RESULT=0; * NO RESUL1 
IF i'iOCA>-,>J::y; 

RE/\DTES1LC T:< ); * READ RESUL1 VARIABLE 
T~+-T:1-1; 
Tl +-Tl -1; * ONE LESS LOCAL TO RELEASE 
A L +-MF MD A TA L PA LI S E ; AR +-ME fV, DAT A R ; * .SA VE R E .S ULT VAL l) E . / //-
n:: c:: TN OT E r.111 AL< AL, IJNDFTYPFB, VALLIEERROR ) ; t!:- 1/"Jd,,xf:.4 l'esv 

* RFLEA<:F T~E LOCAL VALLJE<.::. 
RF2: LTOP~T~~ * ADDRF_c;_c; OF FIRST 10 RELEASE 
RFRL<.::LOOP: GOTO RF~ IF T1=0; * ALL ~ELEAc::ED 

Tl<-Tt-1; 
~FADTEC::TL< LTOP ); 
LTOP+-LTOP-1; 
LINK<-RFRL.SLOOP; 
GOTO DECPFC; 

* <:TACK THF RFSLILT VALLE, IF ANY. 
RF~: GOTO RFLl IF Ti?ISRE_c;LJL1=vl; 

LTOP<-LTOP+l; 
MEMDATAL+-AL; MEMDATAR+-AR; 
\•.IR I TELTOP; 

* LIPD.ATE THE REGI.STFR 
rm"IT t,.fp<:; NOT CR/\<.::rFD ••••••• 

* CALL DECF<.FC & 

* GOTO RFRL~LOOP 

* NO RESULT 

0l8RFAK LINKS.C:: LRP.SE, PFIPST, PNLF1 1
, PB?l~-E, AND PCTR• 

RFLJ: LRA_c; E +-T?; 
LINK+-CYCLE; 
GOTO LOA DP; 

* CALL LOADP<) & 
* GOTO CYCLE 



* * CALL FUNCTION 

* * FIRST ~YTE OF CALL IN.C::TRLJCTION IS ITS ETC-CLASS OPCODE; 
* SECOND & THIRD BYTES CONTAIN FOLLO~ING FIELDS IN INDICATED ORDER: 
* Nl'MRER OF ARGl1MEN1~ = Nl\RGS (Li BITS) 
* FUNCTION DEC::CRIPTOR = FDESCR: 
* PROCEDLJRF C::EGMFNT SFLECTOR = PSEG~EL Cl BIT) 
* FUNCTION NUMBER = FCNO C 11 BITS) 

* FETCH INSTRUCTION RYTFS CONTAil'.JING NARG.c::, P.C::EG.C::EL, AND FCi\,O. 
CALLFCN: CALL NEXT2; * TEMP .. NEXT2C) 
* C::ET Tr;i .. FllNCTION DESCRIPTO~ CM.~INTAINED THROUGHOUT CALLFCN); AND 
* Tl .. NA RGS. 

T0 .. TEMP AND RMASK12J 
Tl .. TEMP RS<; 
Tl .. Tl Rl; Tl .. Tl Rl; Tl .. Tl Rl; Tl .. Tl Rl; 

* CHECK THAT THERE ARE AT LEA.C::T NARGS TEMPORARY VALUES ON TOP OF THE 
* C::TACK, I .F. THAT CLRAS1<+2)+CNARGC::-1 )=CLRASE+NARGS+l )<=LTOP. 

,.- p_/r-1.,-~ TEMP+-LRASE+Tl Pl; * TEMP+-LBASE+NARGS+l 
TFMP+-TEMP EOR -J; * TEMP+--CLBASE+NARGS+J)-1 
ZERO+-LTOP+TEMP Pl; 
GOTO STKUFERR IF NOCARRY; 

* SET PFIRST,P~LE~ TO THE BASE,C-LENGTH) OF THE CALLEE'S PROCEDURE 
* SEGMENT. 

CF/7!: 

"'fEMP• ~.P-Lp--:<:EBOJl•1D; 
GO TO-e-F~ I F T 0 s;-p--;c: EG-S EL= 0 ; 
TEMP .. APLP~EG1WD; 
READC TFMP ); 
PFIRST+-MEMDAT/'.IL PALISE; 

Tl/111 1 E- TC f21,1C, I£, 

TI , ,- TC ~I ,. 

r I, ~ r I I ) • ,r;/' J ( r 

PNLEN+-MEMDATAR EOR -J; PNLFN .. PNLEN+J; 
* SET Tl TO COLLEE'S PRASF. THE PROCEDURE SEGMENT BEGINS ~ITH A 
* SERIES OF Th10-~'0RD "DIRECTORY FNTRIF.S". THE LEFT HALF OF THE FIRST 
* WORD OF A DIRECTORY ENTRY IS THE SEGMENT ADDRESS OF THE CORRESPONDING 
* FllNCT I ON BODY. "-. 

TEMP+-T0 AND FCNOB; 
TEMP .... TEMP+TEMP; 
READTESTPC TEMP ); 
Tt .. MEMDATAL PAUC::E; 

* READ THE FIRST wORD OF THE CALLED FLINCT I ON BLOCK• 
READTE.C::TP C T 1 ) ; 

*SETT~ TO LEFT HALF OF FIRST HEADER ~ORD, T2 TO CALLEE.NLOCALS • 
T~+-MEMDATAL PAUSE; 
T? .... MtMDATAR 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 CARRY; 

* SAV~ THE CALL~R'S PROGRAM COUNTER IN THE CURRENT STACK FRAME. 
RM vi L C L 8 A c: E P 1 ) ; 
WA I TREAD; 
MEMDATAR .. PCTR; MEMDATAL .. MEMDATAL ANDWRITE; 



* INITIALI7F. THE CALLEE'S LOCAL VARIARLES ¼ITH UNDFTYPE VALUES• 
CFINITLOOP:GOTO CF2 IF T?=~; 

* CREATE 
CF?: 

* 

T2 +-T 2 - 1 ; 
LTOP +-LTOP+ 1; 
MEMnATAL+-UNDFTYPER; MEMDATAR+-~; 
t,'R I TEL TOP; 
GOTO CFINITLOOP; 

THF T \t10- l•,0RD C:::TACK FPAME. 
LTOP+-LTOP+l; 
MEMDATAL<-LRASE; MEMDATAR<-~; 
\,.1R I TFL TOP; 

LTOP<-LTOP+l; 
MEMDATAL ►T~; MEMDA1AR+-rn; 
L·'P ITFL TOP; 

* OVERFLO\,J IS IMPOSSIBLE C ?! ) 

* FDESCR C,PCTR) 

* LIPDATE THE REGISTERS LRASE, PBASE, AND PC1R• 
LRASE+-LTOP-1; 
P8ASE<-TJ; 
PCTR ... CODEOFFSET*~; 

* THF CALL IS COMPLETE; A FUNCTIO~ CALL TRAP SHOULD BE GENERATED IF 
* THF GLOBAL AND LOCAL CALL TRACE MODE BITS ARE SE1. 

G010 CYCLE IF FLAGS$FCNCTRC=~; 
GOTO CYCLE IF T~SCALLTRACE=~; 
GOTO CALLTRAP; 



* * * P.c:;EI_IDOI NT C) 
* LOODS AL,AR WITH TOP STACK ELEMENT, AND: 
* < 1 ) CON VF RT c::: FLOAT I NG-PO I NT NUMB ER TO INTEGER; 
* (?) "PEEL<::" A I-ELEMENT ARROY. 
* LJ<::Ec;: Ti?!,Tl,T6,T7,TR,T9, COUNTER, MEMORY REGic;TERS 

PSELIDOINT: Tl<-LINK; 
CALL TOP; 
LINK+-T1; 

* DIC:::PATCH ON TYPE OF OPERAND. 
GOTO FIXA IF ALSFLOTYPE=lJ * CALL FIXA & RETURN 
PETLIRNIFC AL$INTTYPE=1 ); 
GOTO TYPEERROR IF AL$CHTYPE=t; 
GOTO GHATERR IF AL$ARYTYPE=i?!; 

* OPERAND Ic; AN ARRAY• IT MU.C:::T BE A I-ELEMENT ARRAY. 
READTE.C:::TGC AR Pl ) ; * READ 2ND HEADER v.ORD 
\,1A I TREAD; 
TF.:: C:::TE(.) I IAL C MEMDAT.AR, 1 , LFNGTHERROR ) ; 

* "PEEL" THE ARROY AND START OVER• 
FRP <-AR; 
Tl <-L TOP; 
Tl?I <-LI i\lK; 
CALI::- 13-EEL_: t 
LINK +-T1?1 ; , , 

GOTO P.C:::EllDOINT; r 



* 
* * FI YA C ) 
* CONVERT<:: FLOATING-POINT NUMBER IN AL,AP TO INTEGER ■ 

* ERRO~ IF FRACTIONAL PART OF ARGL!tv;ENT IS NONZERO OR IF 2t23<=AB.S<ARG). 
* !IC::E<::: COlll\:l~R,AC::IGN,AEYP,FTl • 

* l lf\!P AC I-< A • 
* ASIGN GETS A~~IGN. 
FIYA: A<::IGN<-AL AND .C:IGNB; 
* AEYP GFTC:: A~FXP-EYPPIA<::. 

AFXP<-AP At D EYPB; AEXP<-Af.YP-EXPBIA<::; 
* AL,AR GETS A~MAGNITUDE ■ 

FYLOOP: 

FXPOCK: 

AL<-AL Al\D <::IGNC; 
AR <-AP AND EXPC; 
GOTO DOMOINER~O~ IF OEYP~~#~; * AEXP<0 
TESTLESS< AFXP, 2'1, DOMAINERRR ); * IS AEXP<23? 
FT 1 <-A EXP - < -:i (7J+ l ) ; 
COIII\TFR<-FTl EOr< -1; 
FTl <-LINK; 
LI l\lK <-F XLOOP; 
GOTO OOMAINERROR IF ~R~15#0; 
AL .. AL Rl SO; AR<-t:.\.R c::r Fl D J; 
LII\IK<-FTl; 
AL<-AL OR INTTYPEB; 
AL<-ASIGN OR AL ANDRETUPN; 

* YE.C: 
* COUt TER .. ~0-ASEXP 

* A~FRACTION#vl 



* 
* * PEELC) 
* CALL: 
* 
* 
* c:: FT c::: 
* USES: 

PEEL: 

FRP ► <ADnPE~C:: OF ARRAY TO PEEL> 
Tl ► <LFIRST-RELATIVE ADDRESS TO PUT PEELED SCALAR> 
CALL PEEL . 
L[TJJ TO FRP-RAVEL[lJ AND DECREMEI\T.S FRP 0 RFC. 
TEMP,FRP,FRSIZE,FRT1,FRT2, MEMORY REGISTERS 

READTESTG C FRP ) ; 
TEMP ► MEMDA. TAL AND RANKR PC\ l IC:: E; 

TEMP ► FRP+TFMP; * lEMP ►@ARRAY-RA~EL[FIRSTJ 
READTESTGC TEMP ); 
TEMP ► f'',EM[)A1AL P/'.ILISE; MEMDC\1AL<-1EMP; MEMDATAR<-ME,[v,DA1AR; 
TFC:TL\~RITF< T1 ); 
GOTO DECRFCF; * CALL DECRFCF & RETURN 



* 
* * MAl<EVFC C) 
* CALL: 

* * SET.c::: 

* * * FCIILC::: 
* U<:;ES: 

MAf<EVEC: 

MKi\1ELTC:: ... NIIMRE 0 OF ELEMENTS; 
Cl'\LL MAK1,VFC • 
MKP., GS EG [ RLOCKPTR J TO ADDRESS OF NE\,. VECTOR l, I Th IT .S HEADER 

AND SHAPE INITIALIZED; 
PPTR TO ADD~Ec:..c:: OF FIR.ST ELE11jENT OF RAVEL OF NEv, \/ECTOR. 
IF ARRAY STO~AGE I .c:: FliLL. 
EVERYTHING EXCEPT T0. C=FIRSTBYTE) AND Tl. 

t✓,KRANK ... !; 
T2+-LINK; 
CA.LL MAKF; 
LINK +-T2; 

* INITIALIZE THE C::HAPE· ~ORD ■ 

TEMP+-~KP+S~P 0 EOFFC::ET; 
M!,MOATAL+-INTTYPER; MEMDATA~+-MKNELTC:.; 
\•JR I TFG C TFMP ) ; 

* SET RPTP AND RETURN ■ 

RPTR+-M~P+C::HAPEOFF.SET+l; 
RFTLIRN; 



* 
* 
* MAKFC) -- OLLOCATE AN ARRAY BLOCK AND INITIALIZE ITC::: TWO HEADER WORDS ■ 

* CALL: MKNELTc::: ~ NUMRE~ OF ELEMFNTC::: IN NE~ ARRAY; 
* MKRANK ~ RANK OF NF~ ARRPYJ 
* CALL MAKE • 

MKP = ADD~EC:::C::: OF NE¼ BLOCK; 
MKC:IZF = LFNGTH OF NE~ RLOCK EYCLUDING C:::LOP; 
G<::FG[RLOCKPTRJ = MKP; 

* 
* l IC:::EC:: 
** 

GC:::E'G[ROVEPJ = PDD~Ec:::c::: OF "i\lEXT" FREE BLOCK ■ 

MKC:IZE,MKTl,~KT?,MKT~ ONO MEMORY REGI<::TERS ■ 

** FUNCTION MAKFC NELTC:::, ~CINK ); 
** GLORAL CFLL ROVF~; 

POINTl<'R p; INTF.GER N; 
P~~rnVER; / C{ ((.:..,;; 

N~2+RANK+NF:LTc:::; 
" - 7 

MAKE: RFADG C ROVE'R ) ; / / 
~ZE-MX~~EDFF~E"n 

Mt<<:: I ZE~~ .. +fV.KNEL Tc:::-+----f.J.; 
MKT2~~EMDAJ L PAU<::E; 

** 
MKP +-M~<T2; fal /( pAtlk.. 

** WHILE p.<::IZE<N DO; 
** P~P.NEXT; 
** FRETURN IF P=ROVER; 
** END l•1H I LE.; 

~K<::EARCH: READTE<::TG< MKP ); 
MKTl~MKC:::IZE EOR -1; 
v1A I P~EAD; 
MKT]+-MFMDATAR+MKTl ~ 
GOTO MKFOllf\10 IF CARRY; 

RFADTE<::TG< MKP PJ ); 

MKP+-~FMD0TAL PALJC:::E; 

MKTJ+-MKP FOR fv'KT2i 

* LENGTH-OF BLOCK TO BE 
* MKT2+-ROVER 

-(f!,51,( 1-/) 

* l'-'1KTI~P.C:::IZE-N 
* P ■ SIZE>=N 

.) ' 
/f ' ' 

* P~P.NEXT 

GOTO MKC:::EARCH IF MKTl#~; * P#ROVER 
* THERF I<:: NO BLOCK CONTAINING NOR MORE WORDC:::. 

GOTO fv'·KGOF; 
** 
** CP+P.C:::IZE'l ■ PREVFREE~FAL<::E; 

** ROVER~P.NEXT; 

MKFOI IND: MKT2~MEMDATAR+MKP; 
GOTO GERR IF CARRY; 
TE<:;TGRMll'C MKT2 ) ; 

* NO~ WE KNO~ ALL ADDRESC:::E~ FROM CMKPl THROUGH CMKT2l INCLUSIVE 
* ARE WITHIN THE GLOBAL ~EGMENT ■ 

1•'A I TREAD; 
MEMDATAR~MEMDATAR; 

p 



./ 

MFMDATAL ... MEMDATAL AND PREVFREEC ANDhRITF; 

RFAnGc MKP Pl ); * READ 2ND HEADER ~ORD OF P 
MKT2<-MEMDATAL PAUSE; * MKT2 ► P 0 NEXT 

MKT~ ... MEMDATAR; * MKT~ ... P-BACK 
MFMDATAL+-MKT2J *MEMDATAP ►ANYTHING; 

h'q I T F G C ROVER ) ; 

** IF P ■ SIZE-N<=MAX~LOP DO; 
** P 0 RACK ■ NEXT+-P 0 NEXT; 

** P 0 NEXT0 BACK ... P ■ 8ACK; 

** p.sLOP ... P.~lZF-N; 
** p.JHISFREF ... FALSE; 

• ** P•PRFVFRF~ ►FALSF; 

** P 0 RANK ... RANK; 

* A FRF.E RLOCK \•'ITH f'•ORE THA[\, Ml\X.~LOP \,\OROS OF SLOP It.ILL BE SPLIT. 
TFSTLFSSC MKTI, CMA)<SLOP+I ), MKSPLIT ); 

** 

SETNEXTC MKT~, MKT2 ); 

~ETRACKC MKT2, MKT~ ); 

MKTl +-MKTJ LR; 
MEMDATAL ► MKTJ OR MKRANK; 

** ELSE no; 
** 
** 
** 
** 
** 
** 
** 

MKSPLIT: 

** 

p.~1zF ... P 0 SIZE-N; 
CP+P.~IZE-1) .SIZE<-P ■ SIZE 

P+-P+P.SIZE; 
P•THISFREF ... FALSE; 
P ■ PREVFREF ... TRLIF; 
P ■ SLOP ►fi'I; 

P•Rl\l\K ... RANK; 

GOTO MKY; 
MEMDATAL+-THISFREER; 
MFMDATAR<-MKTl; 
l·'RITEGC MKP ); 

MKP ... MKP+MKT1; 
f\-1KT2 ... MKP - 1 ; 
~·1EMDATAL+-n; 
MFMDATAR<-MKTJ; 
lt,RITEGC MKT2 ); 

MEMDATAL ... MKRANK OR PREVFREEB; 

** END IF; 

* P. FLAGS ARE UNCHA1 GED 
* RECALL MKTJ=P ■ SIZE-1\ 

* P+-P+P.SIZE 

* P ■ FLAGS ...... 

** p.~rz[ ... N; P ■ RFC ... 1; P-NFLTS+-NELTS; BLOCKPTR ... p; 
** SRETLIPI\:; 
** ENDFUNCTION; 

M!<Y: MF:MDATA.R<-MKs I zVl' f 



IA'R I TEG C MKP ) ; s- ) * \l.1R I TE 1 ST HEADER ~I/ORD OF P 
MEMDATAL~J; MEMDATAR MKNELTS; 
v,,IRITEG( MKP Pl ); * v.RITE 2ND HEADER \!.'ORD OF P 
MEMDATAL~MKP; *ME~DATAR•ANYTHING; 
WRITEGC RLOCKPTR ); 
RETllRNJ 



* 
* 
* FRF.EC) -- RETllRN A GI VEN BLOCK OF STORAGE TO THE FREE POOL. 
* CALL: FRP<-POINTER; CALL FREE. 
* USES: FRSI7..E CTO HOLD A RLOCK SIZE) 
* FRTl <TO HOLD A POINTER TO AN ADJACENT BLOCK, OR •.. ) 
* FRT2 CIN CONJUNCTION ~ITH FRTl, TO HOLD A PAIR OF POIN1ERS) 
* 
* THERF .<'iRF FOLi~ CA<::ES TO CON.c::IDER ~•.HEf\ FREEING A BLOCK: 
* 1. NEITHER THE PRFCEDING NOR THE FOLLOWING BLOCK IS FREE; 
* ?. THE FOLLOWING BLOCK IS FREE; 
* ~. THF PRECEDING RLOCK re: FREF; 
* ~. BOTH ADJACENT RLOCKS <'iRE FREE• 
** 
** FLINCT I ON F?EE C P ) ; 
** DECLARE r-i; 
** p.c::rzE ... p.<::TZE+P.C::LOP; 
** r.i ... p+p.c::rzF; 

FREE: RFADTF<::TGC FRP ); * PEAD J<::T HEADER WORD OF P 
FRSIZE<-MFMDATAL .<'iND SLOPB PALl<::E;* MEMDA1AL$SLOP = p.SLOP & 
FRSIZE<-FRSIZE R~; * MEMOATAR = p.SIZE 
FR<::I?E<-MEMD~TAR+FRSIZE; 
FRTl<-FRP+FRSIZE; * FRTl ►P+P 0 <::.IZE 

** 
** IF P•PREVFREF=FAL<::F DO; 
** IF r.i.THI<::FREF=FALSE DO; 
** r.i.pREVFREF<-ThUF.; 

FRCA c; El : 

** 

** 
** 
** 

** 
** 

GOTO FRCASF~~ IF MEMDATALSPREVFREE=l; * ME~DATALSl=P 0 PREVFREE 
><EADTF<::TG C FRT1 ) ; * READ 1 ST HEADER \J.ORD OF C::J 

r,oro FRCAC::E2 IF ME~DATAL$THIC::FREF=l PAUSF; 
tv,Ft,'DAT/'.\R<-f"'E.>,DA1AR; * r:i.SIZE I<:: UNCHANGED 
MEMDATAL ► MEMDATAL OR PREVFREE.B AND~RITE; * 0.PREVFREE<-l 

P 0 NEXT ►ROVER-~EXT; 

p.RACK<-Rovi:;-p; 
p.RACK.f\l,:Y.T<-P; 
P. i\JFXT O 8.i'\CK ►P; 

RFAor,c ROVER ); 
FRT1<-MEMDATAL PAUSE; 
TESTGRMl•'C FRTl Pl); 
FRT~<-MEMDATAL PALJC::E; 
MEMDATAR~MEMDATAR; 
M~MDATAL ► FRP ANDWRITE; 

.C:El'RACKC FRT2, FRP ); 

MEMD~T~L~F~T2; MFMDATAR ► FRlJ; 

TE.<::TC~l•'i:s'ITEC FRP Pl ); 

FL.C:F no; 

* FRTl <-RO VER 
* ~ETNEXTC FRTl, FRP ) 
* FRT2<-ROVER.NEXT 
* ROvER.BACK I~ UNCHANGED 
* ROVER.NEXT<-P 

* ROVER.NEXl .BACK~P 

* SET p.NEXT AND p.BACK 
* ~~IT~ ?NO HEADER WORD OF P 



** 
** 
** 

** 
** 
** 
** 

** 
** 
** 

** 

P 0 .C:::IZE+-P.C:::IZE+n . .c:::rzE; 
p.NFXT+-n.NEXT; 
P.BA.Ci(+-D.8ACK; 

GOTO FQCA.C:::Fl?Y; 
FR.C:::17E+-MEfVDATAR+FR.C:::I?F; 
PADTE<::TG< FP11 PJ ); 

FRTJ+-MEMDATOL PAUSE; 
FRT? +-fVFMDA TO~; 
MFMDATAL+-FFTl; MEMDATAR+-FRT2; 
TFC:::TG\•!RITF< FRP Pl ); 

P 0 [\F1T .BACK+-P; 
P. RACK. NEYT +-P; 
ROVFR+-P; 

C:::ETRACK C F~T 1, FRP ) ; 

C:::FTNFXTC FPT;?, FRP ); 

* MEMOATAR CO~lAI~S n.SIZE 
* READ ;?f 10 HEADER ~•JORD OF !::l 
* F'RTJ +-r:i • NEXT 
* FRT2+-r:i0 BACK 
* .C:::ET P 0 NEXT AND p.BACK 
* ~KITE 2ND HEADER ~ORD OF P 

* n.NEXT.BACK+-P 

* r.1. PACK. NEXT +-P 

*rvEMOATAL+-FRP; *MFMDATAR+-ANYTHING; 
1,-JPITEG< ROVER ) ; * ROVER+-P 

ENDIF; 
P •THI C:::FRFE +-TPUE; 

\•JR I TE G C FR P ) ; * ~RITE 1ST HEADER ~ORD OF P 

** fLC:F DO; 
** IF n.rHIC:::FPEF=~OLC:::E no; 
** n.PREVFREE+-TRUF; 

GOTO FRALLY; 
FPCA.C:::E1Li: RF.::ADTE.C:::TG< FRTl ); * READ 1ST HEADER WORD OF Q 

** 
** 
** 
** 
** 

GOTO FRCA.C:::ELi IF MEMDATAL~THI.C:::FREE=l PA~SE; 

MEMDATAR+-MEMnATAR; * r:i • .c:::rzE IS UNCHANGED 
MFMDATAL+-MFfVDATAL OR P~EVFREER AND~RITE; * n.PREVFREE+-J 

EL.C:::E DO; 
p.c:12E+-P.C:::IZE+0 . .c:::IzE; 
n.RACK.NEXT+-0.NEXT; 
D.NEXT-RACK+-D.RACK; 

GOTO FRCA.c:E.1LiY; 
FRC:::I7E+-ME~DATAR+FP.C:::IZE; 

RFl'\DTE<:;TG< FRT1 PJ ); 
FRTl+-MEMDATAL PAUSE; 
FRT? +-MEMDATAR; 

~Fl NFXT < FRT2, FRT J ) ; 

* MEMDATAL CONTAINS 0-SIZE 

* READ 2ND HEADER ~ORD OF A 
* FRT 1 +-f-1. NEXT 
* FRT2+-hl.BACK 



** 
** 
** 
** 
** 

SFTRACKC F~Tl ~ FRT? ); 

E1' 1DIF; 
P<-P-CP-1) .<:;17,E; 
p.srzE ... P.SIZF+CP+P.SIZE).SIZE; 
ROI/ER ... p; 

FRCA~E~~Y: FRTl .... FRP-J; 
RFADTF.C::TGC F~Tl ); 
v!A I TREAD; 
FRTl<-MfMDATAR EOR -1; 
FRP .... FRP+FRTl PJ; 

TESTGRMWC FRP ); 
v.iAITREA[); 
FRC::I7F. ... MEMDATAR+FR~IZEJ 
MFMDATAR<-FRSIZE; 
MFMDATAL ... ~FMDATAL Af\D~RITE; 

* FRTJ .... p-1 

* MEMDATAR HAS CP-1 ).SIZE 
* FRP+-P-CP-1) 0 SIZE 

* READ 1ST HOR ~ORD OF NEW P 

* p.FLAGS ARE UNCHANGED 

MEMDATAL<-FRP; *~F.MDATAR<-A~YlHING; 
l·1RITEGC ROVER ); 

** 
** END IF; 
** CP+P.SI7E-1) .C::I7f::t-P.SIZE; 
** RETLIRf\; 
** ENDFLINCTION; 

FRALL Y: 

* 
* 
* 
* 

FRTJ +-FRP+FRqzE; 
FR T 1 <-F' R Tl - 1 ; 

/' MEMDAT-A~;- ;- l'iEMDATAR+--FR.<:::IZE; 
TF.<:;TGhRITEC FRTl ) ANDRETURN; 

FND; 

(/l,P::o • , 
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