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SETL NEWSLETTER 190 , ART GRAND
THE IMPLEMENTATION GF BACKTRACKING MAY 5y 1977

THIS NEWSLETTER DISCUSSES THE IMPLEMLONTATION OF THE BATKTRACKING
SCHEMF PROPOSED IN NEWSLETTER 168. WE BeGi{N CUR DISCUSSION WITn
THE KRUN TIME IMPLEMENTATICN, THEN DISCUSS THE CHANGES wHICH MUST
BE MADE IN THE COMPILER. '

FOR PURFOSES TF DISCUSSION, WE ASSUME THAT BACKTRACKIMNG INVOLVES
THE FOLLOWING PRIMITIVES. THE TRANSLATION CF SETL SCURCE INTO
THESE PRIKITIVES IS DISCUSSED LATER.

oK SAVE THE CURRENT STATE OF THE BACKTRACK VARIABLES.
AUKOK: © A SPECIAL OK.
FAIL® RETREAT TO PREVIGUSLY SAVED ENVIRONMENT.
ACCEPT! FINALIZE ALL CHANGES TO ENVIRONMERT SINCE
LAST OKGX.
REJECT? REJECT ALL CHANGES SINCE LAST OKOK.
ARB1 NONDETERMANISTIC ARB SELECTION

ENVIRONMENT 8LOCKS

BACKTRACKING IS BASED ON VARIGUS OPERATICNS WHICH SAVE AND RESTORE
PARTS GF THE ENVIRONMENT. ENVIRONMENTS ARE SAVED B8Y PUSHING
FENVIRONMENT BLOCKS# CNTO Thit STACK AND RESTORED 8Y POPPING THEM.
AN ENVIRONMENT BLGCX CONSISTS OF A ScRIES GF SAVED VALUES TOGETHER
WITH A POIMTER TO A PROCEDULRE TO PCP THE BLOCK.

FOR EXAMPLE, THE OK PRIMITIVE PUSHES THE VALUES GF ALL #8ACK#
VARTABLES TOGETHER wITH A POLNTZR TO A PPOCEDURE WHICH WILL
POP THE VALUES. THE FAIL PRIMITIVE THEN POPS THE PRUCEDURE
POUINTER AND EXECUTES IT TO RESTORE THE ENVIRONMENT.

THE STACK CONSISTS OF A SERIES OF ENVIRUMMENT BLOCKSs STACKED
IN THE GRDER THEY WERE SAVED. THE FAIL PRIMITIVE DcSCRIBED
AGOVE MUST ACTUALLY RESTOKE ALL ENVIRCNMENTS SAVED SINCE THE
LAST OK. IT 0QcS TAdlS BY POPPING ENVIRONKENT BLGCKS FRQM THE
STACK UNTIL IT POPS AN OK BLGCKe EACH POP 13 DONE B8Y EXECUTING
THE PKOCEDURE FUGUND GON TCP OF Tde STACK.

ENVIRONMENT BLOCKS ARE MADE OF STANDARD SETL VALUE SPECIFIERS,
THE TGP TwO SPECIFIERS IN EACH BLCCK HAVE A STANDARD SIGHIF-
ICANCE. .
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SETL-190-2

THE TUP SPECIFILK ALWAYS HAS

TYPE TeSURR |
VALUE  POINIER TO CGCLE FRAGMENT TU PLP BLOCK

THE SPECIFIER BtLO4 1T HAS

TYPE T INT
VALUE LENGTH OF BLOCK

THERE ARE FOUR TYPES QGF ENVIRONMENT BLOCKS.

ENTRY BLOCKS?® THESE APE BUILT BY RCUTINE PROLOGUES AND POPPED BY
‘ ROUTINE EPILUGS.

EXIT BLOCKS: THESE BLOCKS ARE BUILT WHEN wE EXECUTE A STATEMENT
SUCH AS

IF OK THEN RETURNS;
AND ARE ReMOVED BY EXECUTING FAILs ACCEPT, GR REJECT.
RETURNS LIKE THE ONE ABGVE ARE CALLED CONDITIONAL
RETURNS AND ARE DESCRIBED BELOW.

0K BLGCKS? THESE ARE BUILT BY OK=S AND POPPED 8Y FAILS.

OKOK BLCOCKS: THESE ARE BUILT BY DOKOK-S AND POPPED BY FAILS.

ALL ENTRY BLOCKS ARE LINKED TOGETHER WITH A SPECIFIER WITH

JYPE TeINT
VALUE POINTER TO PREVIGUS ENTRY BLOCK

THE GLOBAL #LASTAENTRY# CONTAINS A POINTER TO THE MOST RECENT ENTRY
BLCCK. :

ALL OKOK BLOCKS ARE LINKED IN A SIMILAR FASHION, WITH THE GLOBAL
2LASTPCKOK# POINTING TO THE MOST KECENT 6LOCK. BOTH LISTS MUST

BE ADJUSTED WHEN THE GARBAGE COLLECTOR REJUESTS MORE SPACE FROM
THE OPERATING SYSTEM» SINCE THIS WILL FORCE IT TO MOVE THE STACK.
OTHEWISE THEY ARE IGNGRED BY THE GARBAGE COLLECTOR. ,
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CONDITIDNAL RETULRNS

A CCNDITIONAL RETURN IS A RETURN MADE WHILE WE ARE IN A BACKXTRACKING
ENVIFONMENT, FOR EXAMPLE,

IF OK THEN RETURN;;

IF THE RETURN EVENTUALLY LEADS TO A FAILs, IT WILL BE NCCESSARY TO
UNDO THE RETURN, THAT IS TG RESTCORE THE VALUES OF ALL PARAMETERS
AND STACKED VARIABLES PRIUR TU THE RETURN.

WHEN WE ENTER A PROCEDURE wE SAVE THE VALUES OF ALL PARAMETERS

AND STACKED VARIABLES ON THE STACK. WHEN WE MAKE A NGRMAL RETURN,

WE RESTORE THESE VALULS AND POP Tdt STACKes wHEN WwE MAKE A CONDITIONAL
RETURN WE CANNOT PGP THE STACK; INSTEAD Wt PGP THE CURQRENT Vatue$S OF
THE STACKED VARIABLES «ITH THOSE IN THE ENTRY BLOCKe THIS ALLOWS

US TO REPEAT THE SwWaAr AND UNDO THE RETURN LATER.,

WHEN WE MAKE A CONDITIONAL RETURNs wE PUSH A THREE WORD EXIT
8LOCK ONTO THE STACK. THLS BLOCK CCNTAINS?

1. A POINTER TO A PROCECURE TO UnDC THE RETURN. SUCH A
PROCEDUKE IS CALLED A RESTORE PROCEDURE.

2. THE SIZE OF THE EXIT BLOCK, NAMELY 3.

3. A PUOINTER TO THE ENTRY BLOCK.

SIMULATED KETURNS

SUPPOSE WE EXECUTE THE CODE SEQUENCE SUCH AS:

(1) IF OK THEN
. P{X);
END IF3;

]
]
DEFINE P(Y);
(2) FAIL;
END P;
WHEN WE REACH THE FAIL AT (2) THERE ARE TwO BLOCKS ON THE STACK, AN
OK BLOCK AND AN ENTRY 3LOCK. 8EFGKE WE CAN RESTORE THE VALUES SAVED
AT (1), WE MUST RESTOKE THE VALUES STACKED UN ENTRY TO P. THIS IS
DUNE BY SIMULATING A RETURN FROM P WITHOUT ACTUALLY JUMPING TO THE
RETURN ADDRESS.

WHEN WE PUSH AN ENTRY 8LOCK ONTO THE STACKy THE TOP SPECIFIER CONTAINS

A PGINTER TO A PROCEDURE WHICH WILL SIMULATE A RETURN FROM THE KOUTINE.
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A

TREATMENT GF ARB

THE AKB PRIMITIVE HAS TwO CPERANDS, AN ITERATQOR AND A SET(TUPLE, ETC.).
THE OPERATIGN X = AR3 S SETS X TO THt FIRST ELEMENT OF S

AND RUILDS A& SPECIAL CK BLUCK ON THE STACK. THIS 8LOCK

IS UNUSUAL IN THAT IT PDINTS TG A SPtCIAL #ADVANCE# PRCCEDURE WHICH
NCT ONLY RESTORES THt SAVEC VARIABLES wHEN A FAIL IS ENCOUNTEREDS

BUT ALSC ADVANCES X. IT ONLY PUPS THE OK BLOCK IF X HAS

REACHED THE END OF S.

ACCEPT IS TREATED SOMEwWHAT DIFFERENTLY FKROM THE OTHER PRIMITIVES.
ITS ACTION IS TU COMPACT THE TOP OF THE STACK, REMOVING ALL

DK» AND EXIT BLGCKS SINCE THE LAST CKOKe THERE IS A STANOARD
ACCEPT PROCEDURE IN THE LIBRARY WHICH IS DRIVEN BY THE SIZE
SPECIFIER CONTAINED IN FACH ENVIRONFENT BLOCK.

REJECT PERFORMS A SERIES OF FAILS UNTIL IT REACHES AN CKOK BLOCK.
THESE FAILS ARE UNUSUAL IN THAT THEY RETURN TO THE POINT OF THE
REJECT RATHER THAN TO THE POINT OF THE OK({wHICH HAS BtEN SAVED AS
PART OF THt OK BLOCK).

THE CODE FCR FAIL OPERATIONS CHECKS WHETHER IT IS RESTORING AN
ENVIRONMENT SAVED BY AN OK UR CNe SAVED 8Y AN OKOK. IN THE
LATTER CASE, IT ALWAYS RETURNS TO THE POINT GF THE GKCKe IN THE
FCRMER CASE,» IT CHECKS THt GLOBAL FLAG ISAREJECT TUO Sct WHETHER
WE ARE SIMULBTING FAILS AS PART OF A REJECT, IF SO, IT RETURNS
TO THE POINT OF THE REJECT. OTHERWISE IT RETURNS TG THE POINT
OF THE 0K,

SYSTEM SUCCESS FLAG

THERE IS A GLOBAL SYSTEM SUCCESS FLAG WHICH IS SET TO TRUE BY
THE OK AND OKOK PRIMITIVES AND SET TO FALSE BY FAIL ANO REJECT.
THIS FLAG IS RETURNED AS THE VALUE GF GK AND OKOKe
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CODE FCR BACKTRACKING

- A G A T  ————— —— —— -—

THE EACKTRACKING PRIMITIVES ARE IMPLEMENTED AS AUXILLIARY
PROCEDURES wHICH AKE COMPILED FOR EACH ROUTINE CONTAINED

IN THE SOURCE PROGRAMs AN INDIVIDUAL OK IS CCMPILED AS A CALL
TO THE AUXTILLIARY OK PROCEDUXRE OF THE CURRENT ROUTINE; A

FAIL IS IMPLEMENTED AS A SERIES OF CALLS TO THE PROCEDURES
FGUND ON THE TGP OF THE STACK.

THE BASIC CALL AND RETURN NUSBINS ARE VERY LOwW LEVEL. THE CALL
MERLEY SAVES THE RETURN ACDDRESS IN SGME GLOBAL LOCATION AND
JUMPS TU ITS ARGUMENT. THE RETURN JUWMPS TO Tke PREVIOUSLY
SAVED RETUKRN ADCRESS. '

THE CODE SEQUENCES FOR LINKAGE, ROUTINE PROLCGUES, 0K, ETC.
ARE!

le CALLS

CALLS CONSIST OF A PUSH NUBBIN TO PUSH ITS ARGUHENTS,
A CALL NUBBIN, AND A PGP NUBBIN TO POP THE ARGUMENTS.

2. ROUTINE PROLOGUES

A ROUTINE PROLOG CCNSISTS OF A NUBBIN CALLED Q20ENTRY WHICH
SAVES THE RETURN ACDRESS, STACKED VARIABLES, ETCe THIS
,NUBBIN IS FOLLOWED B8Y CODE TO REINITIALIZE STACKED BASES AND
PERFORM ANY RESULTING BASE ASSIGNMENTS.,

3. ROUTINE EPILOGUES

A ROUTINE EPILUGUE CONSISTS OF THE ROUTINES RETURN CODE PLUS
LOCAL PROCEDURES FOR 0OX, UOKOKs FAIL, RESTGREs SIMULATED RETURN,
ARBs AND ADVANCE.

THE RETURN CODE CONSISTS OF A Q2PEXIT NUBBIN WHICH PERFORMS
ALL THE STACK MANIPULATION, FOLLCWED BY A RETURN NUB3IN.
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RETURNS
A RETURN 1S COMPILED AS A JUMP TO THE ROUTINE EPILOGUE,

CK AND CKOK

THESE PRIMITIVES AFt CUMPILED AS CALLS TO THE ROUTINE#S OK
AND OKOK PRJCeCUFLS KESFeCTIVELY.

FAIL

A FAIL IS REALIZED 5Y AN INFINITE LGOGP wWHICH PGPS PROCEDURES
FROM THE STACK AND EXECUTES ThHEM. THESE PROCEDURES WILL EITHER

BE RESTCRES AND SIMULATeD RETURNS, WHICH WILL JUMP BACK TO THe
LOOP, OR FAILS, WHICH wiLL JUMP BACK TO THE POINT OF THE LAST CKos

REJECT

A REJECT IS SIMILAR TO A FAIL, EXCEPT THAT BEFORE ENTERING THE
LOOP IT SETS THE FLAG ISAREJECT TO TRUE. WHEN THIS FLAG IS SET
WE WILL KEEP PCPPING BLUCKS UNTIL WE REACH AN GKOK.

ACCEPT
ACCEPT IS A CALL TO A STANDARD LIBRARY ROUTINEs

ARB
WE GENERATE THE FOLLOWING INLINE CODE FOR ARB:3

A. ASSUME WE ARE DCING X = ARB S. BEGIN BY PUSHING SYMBOL
TABLE PUINTERS TO X AND S ONTO THE STACK.

B. CALL THE ROUTINES ARB PROCEDURE. THE ARB PROCEDURE WILL
SET X TO THE FIRST ELZHENT OF S aND BUILD AN CK BLOCK
GN THE STACK. THIS OK BLOGCK WILL CONTAIN A POINTER TO
THE RCOUTIMNES ADVANCE PROCEDURE.

C. AFTER RETURNING FROM THE ARB PROCEDUREs SEE IF X IS OMEGA.
IF SO THEN FAIL.

WHEN THE ADVANCE PROCEDURE IS CALLED, IT wILL ADVANCE X OVER
Ss» THEN PROCEED TO RESTORE BACKTKACK VARIABLES AS IF WE WERE
EXECUTING A FAIL« HOWEVER 1T WILL GNLY POP THE OK BLOCK IF

X HAS REACHED THE END OF S

NOTE THAT SINCE THE OK BLOCK CONTAINS POINTERS TO X AND S»
THE SAME ADVANCE PROCEOURE CAN BE USED FOR ALL THE ARB
GPERATIONS OF A SINGLE ROUTINE.
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& NUBBINS
e IN THE NEXT TWO SECTICNS WE DETAIL THE NUBBINS FOR BACKTRACKING
AND LINKAGE,
- WE CONTINUE TO MAKE CERTAIN ASSUMPTIONS ABGUT THE GROER OF THE SYMBOL
TABLE, NAMELY THAT THE FORMAL PARAMETERS FUR £ACH KCUTINE ARE ST1O0RED
o CONTIGUGUSLY, AS ARE THE STACKED VARIASBLES FGR EACH ROUTINE. THIS
ALLOWS US 10 GENERATE CGDE IN G2 WHICH MOVES ENTIRE BLGCKS AT A TIME.
THE ACTUAL MACHINE CCDE FOR THESE LGOPS MAY GR MAY NOT BE DONE AS A
o) LCOP.
SCME OF THE NUBBINS PRESENTED HERE HAVE MORE THAN THREE ARGUMENTS.
®) AS USUAL, WE REPRESENT THESE NU33INS BY A SERIES OF QUADRUPLES.
THE OPCODE AND FIRST THREE ARGUMENTS ARE CONTAINED IN THE FIKST
QUADRUPLE, AND THE REMAINING ARGUMENTS ARE PACKED INTO SUCCESSIVE
) QUADKUPLES.,
>
3 BASIC LINKAGE NUBBINS
5 WE ASSUME THAT THERE IS SOME GLOBAL LOCATION KNOWN AS RETADDR
WHICH CONTAINS THE PETURN ADURESSe THIS WILL BE A HARDVWARE
| REGISTER IN MOST IMPLENENTATIONS.
)
THE BASIC LINKAGE NUBBINS ARE
B 1. G2PCALL
SET RETADDR TO THE NEXT LOCATION THEN JUMP TO ARG3
7 2. Q2PSCALL '
. AS ABOVE, BUT CALL THE PROCECURE GIVEN BY THE TOP STACK SPECIFIER
2 3. Q2eVCALL
AS Q20CALL, BUT THE THIRD ARGUMENT IS A SYMBOL TASLE POINTER
TO A PROCEDURE VARIABLE.
= 4e Q2PRETURN
GU TO RETADDR.
2 .
>
a
3 ,
3

£
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ENVIRONMENT NUBBINS

THIS SECTICON CONTAINS NUEBBINS FOR PROCEODURE ENTRY AND EXIT, OK AND
FAIL, ETCe THEY ARE ALL CQULITE LONG AND CUMPLEX.

THE ENTRY NUBBIN IS PLACED AT THE BEGINNING GF EACH RCUTINE AND IS
FOLLOWED 8Y THE BOCY CF THE ROUTINE. THE REMAINING NUBBINS ARE
PLACED AT THE END CF THE ROUTINE AND AKE ESSENTIALLY LOCAL
PROCEDUKES WHICH ARE CALLED FROM THE B8CDY OF THE ROUTINE.

THUS THE INLINE CODE GENcRATED FOR OK IS A CALL TO THE
OK-PROCEDURE LOCATED AT THE END OF THE ROUTINEs ETC. THESE

LOCAL CALLS ARE MADE WITH THE STANDARD LINKAGE QUADRUPES DESCRIBED

ABOVE

THE NUBBINS FOR ENTRY, EXIT, OK, AND OKOK PUSH ENVIRONMENT BLOCKS
ONTO THE STACK,., THUS THE TCP WGRD GF THE STACK ALWAYS CONTAINS

A SPECIFIER FOR A RQUTINE TO PGP THE MOST RECENTLY SAVED
ENVIRONMENT.

1. Q2PENTRY

THIS NUBSIN IS THE ENTIRE ROUTINE PROLGGUE. IT
ACTUALLY CONSISTS OF TWH0 QUADRUPLES SO THAT IT :
CAN HAVE MORE THAN THREE ARGUMENTS. ITS ARGUMENTS ARES

ARGLlt SYMBOL TARLE POINTER TC FIRST FORMAL PARAMETER
ARG2t NUMBER OF FORMAL PARAMETERS

ARG3: SYMBOL TAELE POINTER TC FIRST STACKED VARIABLE
ARG4t NUMBER OCF STACKED VARIABLES

ARGS5t SYMBOL TAELE PCINTER FGR THE RCOUTINE

ARG6t SYMBOL TABLE PUINTER TU SPCCIFIER WITH?

TYPE: TeSUBR
VALUE®? POINTER TO SIMULATED RETURN CODE

ARG5S IS USED TO ACCESS THE PRINT NAME CF THE ROUTINE
FCR DEBUGGING PURPOSES.
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THE SEMANTIC COF THIS NUBBIN ARE

1.

2.
3.

e
Se

6e

SWAP THE ARGUMENTS UN THE STACK WITH THE FORMAL
PARAMETERS IN ThE SYMBEOL TABLE.

RESERVE ARG4 + 4 WORDS OF STACK SPACE.

CCPY THE SPECILFIERS FOR ALL STACKeD VARIA3LES ONTO
THE STACK AND SET THEIR 1SeUNOeF BITS IN Tht SYMBOL
TABLE.

PUSH RETADDR, LASTAENTRY, AND THE SIZE OF THE BLOCK.
PUSH THE SPECIFIER FOR THE RETURN CODE

SET LASTeENTRY = TOP OF STACK

2. Q2PEXIT

THIS NUBBIN HANDLES THE ENTIRE RETURN CODE. ITS
ARGUFENTS ARE LIXE THOSE OF Q2PENTRY CXCEPT THAT
AkG6 POINTS TO A SPECIFIER FCUR THE ROUTINES RESTORE
PROCEDURE. ITS ACTIONS ARE

1.

2o

3.

4.

RESTORE THE PREVICUS VALUE GF LASTeENTRY AND POP
THE RETURN ADDRESS.

SEE IF THIS IS AN UNCONDITIONAL RETURN. THE RETURN IS
UNCONDTIONAL IF ThERE AAVE BEEN NO GK=S SINCE THE ROUTI
ROUTINE WAS CALLED» ITe.&e IF THE ENTRY BLOCK IS THE

TGP ENVIRONMENT 8LOCK.

IF THE RETURN IS UNCONDITICNAL THEN

Ao RESTORE ALL STACKED VAPIABLES
Be SWAP ALL PARAMETERS WITH THEIR SAVED VALUES
Ce POP THE ENTRY BLOCK.

OTHERWISE THE RETURN IS CCNDITIONAL. SwAP -THE SYM3OL
TABLE ENTRIES FOR ALL STACKED VARIABLES AND PARAMETERS
WITH THE CULRRESPGNOING STACK ENTRIES, THEN BUILD AN
EXIT BLOCK ON THE STACK. THIS CONSISTS OFs

As A PCINTER TC THE ENTRY BLOCK. THIS POINTER IS
STORED AS A SHCRT INTEGER WHOSe vaLlc IS THE
OFFSET BETWEEN THE ENRTRY BLOCK AND THE EXIT
BLOCK SO THAT IT CAN BE IGNGRED BY THE GARBAGE
COLLECTOR.,

Be THE LENGTH OF Tde BLOCK, NAMELY 3.
Ce A SPECIFIER FGR THE ROUTINE#S RESTORE PRO”EDURE.

A Q2pEXIT QUADRUPLE IS ALWAYS FOLLOWED BY A QZﬁRETURN.
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3.

4.

GC20RESTORE

THIS QUADRUPLE KESTORES A COMDITIONAL KETURNe ITS
FIRST FOUK ARGUMENTS ARE LIKE C2PENTRY; AKGS AND ARG6H ARE
UNUSEDe ITS ACTIUNS ARE!

l. RECCNSTRUCT A PCINTER TU THE LAST ENTRY BLOCK

AND RZSET LASTRENTRY,.

2« SWAP THE ROUTINE#S PAKAMETERS AND STACKED VARIABLES
WITH THE CORKESPCONDING VALUES IN THE LATEST ENTRY B3LOCK

3. POP THE EXIT BLOCK.
THIS QUAOKUPLE IS ALwWAYS FOLLOWED BY A RETURN.

Q220K

THIS NU3SBIN COMPRISES THE RUOUTINE#S OK PROCEDURES IT HAS
A VARIABLE NUMBER OF ARGUMENTS CEPENDING CN THE NUMEBER
OF SAVED VARIABLES, AND USUALLY CONSISTS CF SEVERAL
QUADRUPLES.,

THE FIRST QUADRUPLE HAS:

ARG2 POINTER TO SPECIFIER FOR FAIL PKOCEDURE
ARG3 NUMBER OF SAVED VARIABLES

THE I-TH ADDITIONAL CUADRUPLE CCONTAINS:

ARG3 SYMBGL TABLE POINTER TO I-TH SAVED VARIABLE

THE ACTION OF THIS NUBBIN IS

1. GET A BLOCK OF ARG3 + 3 WGRDS.

2. ITERATE OVER THE LIST OF SAVED VARIABLES. SET THE
SHARE BIT OF EACH SYMBOL TAEBLE ENTRY AND STORE IT
AT HEAP(T=2-I)e. (T IS THE TGP OF THE STACK.)

3. PUSH RETADDR AND THE FAIL PRGCEDURE.

THIS NUBBIN IS ALWAYS FUOLLOWED BY A Q22RETURN.

6+ Q220KAK

THIS NUBBIN HANDLES OKOKe. IT IS IDENTICAL TO Q200K EXCEPT
THAT IT THREADS THE NEWA ENVIRONMENT BLGCK INTO TH: LIST
OF OKOK B8LOCKS.
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5¢ Q2PFAIL

THIS NUBRIN DEFINES A LUOCAL FOUTINE FOR HANDLING FAIL AND RiJeCTe.
THE FOUTINE PERFJIRMS One GOF TWO ACTIONS BASEO CON THE SETTING GF

THE GLOBAL FLAG IS»REJECT,

FAIL OR A REJECT.

THE NUBBIN CONSISTS GF SEVERAL QUADRUPLES.

THE FIRST QUADKUPLE H

ARG3 NUMBER OF VARIAELES 3EIMG RESTORED

THERE IS AN ADDITIONAL QUADRUPLE FUR EACH VARKIABLE BEING
RESTORED. THE I-TH ACOITIONAL QUADRUPLE CONTAINSS

ARG3 SYMBOL TABLE PUINTER TO I-TH VARIABLE BEING RESTORED

THE I-TH VARTABLZ IS RESTORED FROM HEAP(T-1-I).
(T POINTS TG THE TOP OF THE STACKe)

THE ACTION OF THIS NUBBIN IS

1.

2

4o

5

AT THIS POINT THE TOP ENVIRONMENT IS EITHER THE LAST OK
BLOCK CR THE LAST OKOK 8LCCK; We CAN TELL wHICH BY CUMPARING
THE TOP OF THE STACK WITH LASTPOKOK.

IF WE ARE PRGCESSING AN OKOK BLOCK POP THE PREVIOUS VALUE
OF LASTPOKOK. POP THE RETUKN ADULRESS AND SET ISPREJECT

TC NO. ’

IF WE ARE PRCCESSING AN OK BLOCKy WE MUST CHECK WHETHER

WE ARE ACTUALLY PERFORMING A FAIL OR A REJECT. WE ONLY POQP
THE RETURN ADDRESS IN THE FORMER CASE.

RESTORE EACH OF THE BACKTRACK VARIARBLES.

POP THE TOP ENVIRONMENT BLOCK.

THIS NUBS3IN IS ALWAYS FOLLOWED BY A Q28RETURN.

7o Q2PACCEPT

THIS NUBBIN CALLS A LIBSRARY RCUTINE TO COMPACT THE STACK.
THE ROUTINE DELETES ALL UK BLOCKS, EXIT BLOCKS» AND
CONDITIONAL RETURN BLUOCKS CREATED SINCE THE LAST OKOK.

IT IS ORIVEN BY THE SIZE SPECIFIER CONTAINED IN EACH
ENVIROMNMENT BLOCK.

WHICH INDICATES WHETHER WE AxRe DUING A
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8. Q2PARB

THIS NUBBIN IS A LOCAL PROCEUDURE FOR THE NONDETERMINISTILIC ARB
OPERATIONG ITS ARGUMENTS ARE JUST LIKE THOSE OF Q200K. ITS
ACTION 1S3

le ASSUME WE ARE DCING X = ARB S. THEN ON ENTRY TO THIS NuUBBIN
THE TGP STACK ENTRY IS A POINTER TO X, AND THt ENTRY BELOW

IT IS A POINTER TU S. USE THESE TO INITIALIZE X TO POINT 10 T
THE FIRST ELeMENT OF 3.

2. BUILD AN 0K BLGOCK AS DESCRIBED FUR THE Q220K NUBBINe. KATHER
THAN PUSHING A POINTER TG THe ROUTINES FAIL PROCEDURE, PUSH
A PUINTER TO ITS AOVANCE PROCEDURE.

THIS NUBBIN IS ALWAYS FOLLOWED 8Y A Q2aRETUKN NUBBIN.

Ge. Q2PADVANCE

THIS NU3EIN IS A LOCAL PRGCEDURE TO ADVANCE AN ITERATEOR FOR
A NONDETERMINISTIC AR3. ITS ARGUAMENTS ARE LIKE THOSE OF A FAIL
NU3BIN. ITS SEMANITCS ARE?

le GET PCINTERS TO X AND S FROM THE STACK. ADVANCE X TO THE NEXT
ELEMENT OF S

2+ RESTCORE ALL #BACK# VARIABLES AS IF WE WERE DOING A FAIL.

3¢ IF X IS OMEGA, POP THE TOP ENVIRONMENT BLOCK.

CHANGES TO THE COMPILER

IN THIS SECTION WE DISCUSS THE CHANGES WHICH MUST B8E MADE TO THE
COMPILER. WE BEGIN BY REVIEWING THE BASIC COMPILER STRUCTURE.

THE FIRST PHASE OF THE COMPILER IS A COMBINATION SCANNER = PARSER.

THE SECOND PHASE OF THE COMPILER IS CALLED THE SEMANTIC PASS, IT
WALKS THE TREE PRODUCED 8Y TAE PARSER, PKROCESSING DECLARATIONS
AND EXPANDING VARIGUS HIHG LEVEL CONSTRUCTS. THE GUTPUT OF THE
SEMANTIC PASS IS AN ANNOTATED SYMBOL TABLE AND A SERIES OF
QUALRUPLES KNOWN AS (1.

THE THIRD PHASE OF THE COMPILER IS CALLED THE CGDE GENERATOR.

AT EXPANDS THE QUADRUPLES PRGODUCED BY THE SEMANTIC PASS INTO

A MORE DETIALED SET OF GQUADRUPLES KNOWN AS Q2. THESE CGUADRUPLES
CORREZSPOND TO INDIVIDUAL NUBBINS, AND AkE EITHZR CONVERTED TO
MACHINE CODE OR USED EY THE INTERPRETER.
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PARSING

WE wILL NOT OISCUSS THE CHANGES WHICH MUST Bt MADE T3 THE PARSER
SINCE THE BACKTRACKING SYNTAX IS STILL BEING FINALLIZED.

SEMANTIC PROCESSING

IN THIS SECTION wt CISCUSS CHANGES TD THE SEMANTIC PASS WHICH MUST
BE MADE TO IMPLEMENT BACKTRACKING.

BACKTRACKING ADDS 80TH STATIC CECLARATIONS AND EXECUTABLE STATEMENTS
TO 1HE LANGUAGE. USUALLY THe SEMANTIC PASS PROCESSzS DECLAKATIONS BY
SETTING VARIOUS FIELDS IN THE SYMBCL TABLE. HOWEVER, FOR VARICUS
TECHNICAL REASONS IT wWILL PRUCESS THE #BACK# AND #NOSACK#
DECLAFMATIONS BY GENERATING SPECIAL GUAGCRUPLES WHICH INSTRUCT THE
CGDE GENERATOR TO MAKE TABLE ENTRIES.

THE SEMANTIC PASS SEES BACKTRACKING AS CONSISTING OF THE FOLLOWING
PRIMITIVESs, EACH OF WHICH IS REPRESENTED BY A NEW OPCODE.

BACK V1, eoes» VUN? ADD V1 THROUGH VN TO THE LIST OF BACKTRACKED

VARIABLES
NOBACK V1y.eoVN: REMOVE V1 THROUGH VN FROM THE LIST OF BACKTRACKED
VARIABLES.
OK: SAVE THE CURRENT STATE OF THE BACKTRACK VARIABLES.
OKOKs A SPECIAL OK. .
FAIL: RETREAT TO PREVIOUSLY SAVED ENVIRCONMENT.
ACCEPT FINALIZE ALL CHANGES TO ENVIRONMENT SINCE
LAST OKOK.
REJECT REJECT ALL CHANGES SINCE LAST OKOK.
AkB NONCETERMINISTIC ARB

THE COKRESPONDING OPCCDES ARE

QleBACK ADD Al, aA2s AND A3 TO LIST OF BACKTRACK VARIABLES.
ClsNOBACK REMOVE Al, A2, AND A3 FROM THE LIST

Cls ARB Al = ARB A2

Qle 0K

Ql120KUOK

QleFAIL

C1eACCEPT

QlPREJECT

NOTE THAT ONLY THE FIRST THREE OPCODES HAVE OPERANDS.
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HIGHER LEVEL CONSTRUCTS

THE DeFEREC EVALUATION OPEKATOR
X = ARB, THs <E1, E2y eee EN>
IS TREATED AS A SYNTACTIC MACRO FOks
CASE ARB. N OF

(1)y X = E13;
(2): X = EZ2;
®

L]
(N): X = EN;
END CASE;

THIS IS EXPANDED BY THE SEMANTIC PASS.

CODE GENERATIOCN

- — e e o

THE PHASE OF THE COMPILER MOST EFFECTED BY BACKTRACKING IS THE
CODE GENERATCR. THE CODE GENERATOR WILL HAVE TO 8& MOOIFIED IN
THREEZ AREASS

1, THE CODE GENERATOR MUST PROCESS THE BACK AND NOBACK DECLARATIONS
BY SETTING VARIQUS FLAGS IN THE SYMBOL TABLE WHENEVER A BACK OR
NOBACK QUADRUPLE IS SEENe UNLIKE MOST INFORMATION WHICH
IS PICKED UP FRUOM DECLAKATIONS, THE SETTING OF THESE
FLAGS WILL VARY DURING CUODE GENERATIONe. AS A RESULT THEY
CANNOT Bt SET STATICLY BY THE SEMANTIC PASS.

2e¢ ROUTINE PROLDGUES ARE SOMEWHAT MGRE COMPLEX THAN PREVICUSLY.
THE BASIC CHANGE HERE IS IN THE WAY THE Q2@ENTRY QUADRUPLE
IS EMITTED.

3. ROUTINE EPILCGUES MUST CONTAIN NOT ONLY CODE FOR RETURNSs BUT FOKk
OKSs FAILS, ETC.




