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SETL NeWSLETTER 171C ART GRAND
IMPLEMENTATION OF GASE ASSIOGNMENTS APR 22, 16977

THIS NEWSLeETTER DISCUSSES THE IMPLEMENTATIUA JF 3ASE ASSIONMENTS, WE
BEGIN EY EXAMINING A SIMPLE PRCGRAM:

BASE Bls, 8253

REPK  MB1t MAP(pR1) PBL;
SB1: SET(PBL);
EBL1 »B1;

B2y HMAP(oBZ2) pB2;
SB2: SET(eB2);
EB2t pRZ;

END REPR;

(1) <81y SB1, EB1> = <MBZ, SE2s EB2>;

AT FIRST GULANCE THe ASSIGNMENT IN (1) SEEMS VERY EXPENSIVE, SINCe IT
INVOLVES-A SERIES OF CONVERSIONS FEOM B2 3£SING TO Bl BASING. sinTiCE
THAT IMMEDIATELY PRICR TO (1) ALL CBJECTS LECLARED TD 8 BRASEZO Om 61
ARE DEADS THUS THE COMPILER CCULD INSERT AN ASSIGNMENT 81 = B2 JUST
PRIGR TO (1) wITHDUT CHANGING THAE SEMANTICS CF THE PROCRAM. THE KESULLT
WOULD BE TC ELIMINATE THE NEED FOR CUNVERSIONS IN (1), SUCH CUAFILER
GENERATED ASSIGNMENTS ARE CALLED BASE ASSIGNMENTS.

WE GO ON TG A SCMEWHAT MORE COMPLEX CASE wHICH CONTAINS THE SaMec RePRS)
BUT CONTAINS THE ASSIGNMENTS

(2) SB1 = OM;
[]
.
. .
(3) <MBl, EB1> = <MB2, EB2>;

CLEARLY THE SAME CONDITICONS HOLD ON Bl, AND THE BASE ASSIGNMENT 81 = B2
MAY BE INSERTED PRIOR TO (2).

SO FAR BASE ASSIGNMENTS SEEM LIKE STANDARD Oihc wilRD ASSIGNMENTS, AND
ARE ONLY UNUSUAL IN THAT THEY ARES CENERATED AT THc COMPILER. IN FACT
THEY ARE SCMEwALT MURE COMPLEX. THIS Can a8t SEEN BY TAKING. A CLCUSER
THE VALUE OF SB1 AFTER EXECUTING (2) AND (3).
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EVERY SeTlL VALUE HAS ASSUGCIATEL »ITH LT A FLAG WNJIW AS #1S5UNDEFR#
WHICH INDTCATES THAT THE valut IS UMCEFIWELS TAUS THERE IS MO SinGLE
REFFESENTATION UF OGMECA; ANY WalUce wITh ITS I539UNDeF BLF S<T IS TackeN
TG EL CMEGL. THIS ALLCWS THE ASSIGRMENT 1 (Z2) TU 3E IMPLECENTED
MERELY BY SETTING A FLAG IN Tdcz Valut OF Sole

THE TREATHMENT OF OMEGA SGUTLINGD ASCVE ALLOwWS US 1O ENFORCE &N INVARIANT

CONDITIUN ON THe SETL SYSTiEn:

(4) ALL VARIABLES MUST HAVE A valUE CF Td: PFRNOPex RePX AT ALL
TIrESe THIS CORDITION HOLUS EVEM If THE vaRipagle IS DEAC OR
HeS BEEN ASSIGNED A VALUE OF CRMEGA. (UNDSCLARED VARIAELES
ARE CONSIDERED TO BE CeCLARCD TYPE GENEKAL, AND MAY THUS
HAVE ANY VALUE)

A VARIABLE IS SAID TO HAVE A PROPER REPR [F THR¥Et CUNDITICNS HOLO:
1, ITS FORM® FIELD MUST BE CORRECT,

2+ ITS BASE ARRAY MUST CONTAIN POINTERS TO THE CORRECT 3ASES. IN
PARTICULAR, SINCE SB81 IS CDECLARED TU 8& BASED ON Bl ITS BASE
ARRAY HULST CONTAIN A POINTER TO THE CURReNT VALUE CF B1,

3. IF THE VALUE CONTEINS ANY OTHER PCOINTERS TO bASES, THEY MUST
ALSO BE CORRECTs A LIST OF PLACES wHEREZ SUCH POINTERS CAN APPEAR
IS GIVEN BELOW.

IT IS NOW CBVIOUS THAT AFTER PERFORMING THE ASSIGHNMENT B81 = B2, THE
VALUE OF S81 NG LONGER HAS THE PRCPEK ExZPR. TAUS AFTER EXECUTING THE
ASSIGNMENT 31 = B2, WE MUST GO THRODUGH TH& VALUE OF S31, RtPLACING
ALL POINTERS TO THE CLD VALUE COF 61 wITH PUGINTCKS TG THE NEW VALUE
OF Bls. THIS PROCESS IS CALLED REBASING,

SUPPOSE B3 IS DECLARED TO BE A B8ASE(e B1l). TheM THc BASE ASSIGNMENT
B1 = B2 IS ONLY LEGAL IF B3 [S DEAD, I.E. [F LT IS FOLLOWED BY A BASE
ASSIGMMENT TD B3. WE REQUIRE THAT B3 Bt CIOnNSISTENT WITH THE INVARIANT
CCMDITION DESCRIBED ABOVES THIS RMEANS THAT 83 MUST BE REBASED AFTER
AN ASSIGNMENT TO B1le NOTE THAT THIS IMPLIES A CeEXTAIN ORDERING TO
BASE ASSIGNMENTS. FOR EXAMPLE Tre MULTPILE BASz ASSIGHNMENT

<Bl, B3> = <B2, NULL BASE>

WE MUST PERFORM THE ASSIGNMENT Bl = K2, THEN REBASE B3, AND FINALLY
USE B3 AS A SAMPLE VALUE TG BULILD A NEW NULL BASE. AS WILL BE SEcN»
THIS THIRD STEP CAN BE COMEINED WITH THE RUBASING OPERATIOCN,.

IN SUMMARY, A BASc ASSIGNMENT 81 = B2 INVOLVES TwO STEPS. FIRST,
MAKE THE ONE WORD ASSIGNMENT 81 = B2, THEN RESASE alL VARIABLES V
WHICH ARE BASEO ON B1 AND AKRZ NOT IMMEODIATELY ASSIGNED VALUES

BASED OGN B2. NOTE THAT IN ORCER FOF THE BL2SE ASSLIGNMENT TO 8€ LEGAL,
THE V~S MUST ALL BE DEAD OR #AUST SE KMNOWN 10 HAVE THE VALUE CMEGA.
THUS THE REBASING RDUTINE CAN ASSIGN THEM ANY JMrGa VALUE QOF THE
PROPER REPR, § :



P
)
R4

D

et

Ty
(N

SETL-171C-3
DETAILS OF REBASING
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REBASING CAN SCMETIMES BE NUSBINIZED, BUT JS USUALLY PLRFCxMED (GrF
LINE, THS FLBASE RIAUTINE ThrtS Tw)

THE VARIASLE(OR BASE)
RETURNS AN [CMEGA vALUE

IE V HAS TYPE ELEMENT OF 8
¢ B

THE TEFPLATE ZLLCK ©

IF V XS A TUPLEs ITS X
ISeUNDEF BIT SET.

IF V IS A SET, NAP, OR

#V#E T30 RB: kB
OF THE PREPE

’
WITH ITS IS

EW VALUJE vl

BASE, ITS NE

ITs NEW Vatuc with

ARGUNMeNT Sy THE CURRENT VvALUe UF
ASEDs AND 1TS NUW £4Se &LraY, LT
R KEPKs MCRE SPeCIELICALLY:

EE A POINTER TO
pUNDEF BIT StT.

¢E A NULL TUPLE wITH ITS

W OVALUE wItL 8E A NULL SET

OF THE PROPER TYPE WITH ISpURDLLF SET.

ALL NULL VALUES CONTAIN A SANPLE EL

SYSTEHM. FUR EXARPLE, &

NULL TuFLe(sS

EMENT WHICH IS USED a3Y TdE .
INT2) wItlL CONTAIN & ZERC-TH

COMPONENT wrlICH IS ACCESSIZLE CNLY TO THE SYSTEM AND wWHOSE REPR

IS SETCINT)s THIS IMPL
A RECURSIVE PROCESS,

IES THAT Re8A

SING OF A COmPOSITE OBJECT NMusTt BE

POINTERS TG BASES CAN ONLY APPcAR IN CERTAIN CORTEXTS. THE TYPE

GF A SET Or TUPLE DETE

RMINES WHeRE

BASES. wE GIVE A LIST OF THEM HERES

IT CAN CONTAIN POGINTERS TO

ALL COMPOSITE DEBJECTS CONTAIN POINTERS TG BASES IN THEIR BRASE

AERAYS .

IF A NULL TUPLE HAS CCUEPUONENTS WHIC
CUMPONENT WILL HAVE PGINTERS TO BASES.

IF A NULL SET HAS ELEMENTS ¥WHICH AK
ELEMENT HAS POINTERS TO BASES.

IF A NULL SET HAS TYPE
HUST HAVE A POINTER 10
THEN ITS SAMPLE DOHAIN
IMAGE HAS & POINTER TG

FINALLY, IF A SET IS &

SPARSE SET(n
B, iF A SET
ELEMENT HAS
Ba

BASED SET Ok

H ARE BASEDs THEN ITS SAMPLE

E BASED, THEN ITS SAUPLE

G) THEM LTS SAAPLE ELEMENT
HAS TYPE SPAESE MAP(2A) 2B
A PCINTER T A AND ITS SANMPLE

MAP THEN ITS HASHTS8 FIELD

POINTS TO 7THt HASH TABLE OF THE EASE.
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OPTINLZING RASE ASSICNMENTS
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BASE ASSIGNMENTS CAN KE OPTIMIZED BY KELAXING THE CONDITION STATED
IN (4} THIS CONDITION HaS TWD PURPLSES, '

CERTAIN NUEBINS SUCH 4S5 F(X) ON LTCAL MAPS dclidMe ViRY e XPENSLVE
I THEY KUST TEST THEIRK ARGUMENTS FCOR 0MEst . RATAcR THAN COMRITING
THE SYSTEM T3 CATCHING ALL JLLeGal USES OF UMcGA, wk MERLLY SAY
THAT SUCH ULSES CF OMEGA WILL ALWAYS YIELD CROEXRLY RESULTS. BY THIS
WE MEAN THAT THEY WILL NEVER CauSE A MACHINE A3GRT WITH AN OBSCURE
CCRE DUNMP; RATHER THEY WILL YIELD LeGAL SE1L VALUES. THIS RECUixkeS
THAT & LDOK LIKE & LOCEL MAP EVEIN IF 1T IS ScET T30 OREZGA, IN OTHER
WORDS ITS FORP BUST 8t CORRECT. THIS CAN 3t DONE WITHOUT

EVER KEBASING F.

COMVERSION FROM ONE REPR TO ANOTHER ARE ALWAYS DORIVEN BY A SaMPLE
VALUE OF THE DESIREOD FEPR. FUR EXAMPLEs IF A AND o HAVE DIFFERENT
FODES THEN THE ASSIGAMENT A = B RECUIRES A CUNVEXRSIDN., THIS
CCNVERSION WILL BE ORIVEN BY SOME SAMPLE VALLE OF THE SAME MlDE
AS &3 THE UGBVIGUS THING IS TQ USE THE GLD VALUE OF A AS A SAMPLE.
THIS REGUIKES ThE OLD VALUE T0O HAVE THE PRCPER REPR EVEN THOUGH
IT IS DEAD,

IT IS QeVICUS FROM THE AsOVvE TW0O PARAGRKAPHS THAT THE OnLY VARIABLES
WHICH MNEED TGO 3t REBASED ARE THOSE WHICH ARE USED TC DRIVE
CONVERSIONS. THULS THE NUMBER OF VARIARLLES WHICA MUST 8& REBASED AS
PARY CF A BASE ASSIGNMENT CAN BE REDUCED B3Y A COMBINATION GF LOCAL
AND GLUDEAL ANALYSIS. THIS IS ALREADY DCNE &Y THE SENANTLIC PASS ON

A LGCAL BASIS, ' :

FINALLY, SUPPOSE WE MOGIFY ARE SXAMPLE IN (2) AND (3) 3Y ADDING
A SECOND SET(p B1l) WHICH IS ALSO OEAD AT LINE (3)e IT IS NEVER
NECESSARY TO REBASE BCTH SETS(pBl). AT WURST WE MUST REBASE ONE
AND THEN ASSIGH IT TO THE GTHEK.
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SCUPES ULF BASES
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BASES HAVE NAME SCUPES IN A PURELY SYNTACTIC SENSE, JUST LIKE MUDE NAMES
AND MACROS. A BASE OECLextiU AT TwT TaP OrF & »320LE IS GLCEAL TU THE
MOCULE; A BASE DECLAKED IN A PROC:CUKE IS LICAL. BASES ARE PUBLIC GR

EXYTERNAL IF THE VARIAFLES bASED LN THEY Ari,

BASE ASSIGNMENT AND COCMPILE TIME INITIALIZATION
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ALL BASES ARE GIVEN INITIAL NULL VALUES 3Y THE COMPILER. THIS
CONSTITUTES AN INITIAL BASE ASSIGNMENT. SINCE ALL VARIABLES ARE
DEAD AT THIS POINT, THEY MUST ALL BE REZ2ASLD. SINCE THE COMPILEK
USES THE RUN TIME ENVIROMMENTs THIS IS DONc SIMPLY BY CALLLING TH:
LIBRAKY#S5 REBASE ROUTINE.

BASE ASSIGNMENTS AND PARAMMETER PASSAGE

I W ST AT S e R W BB W FYS WS O B S Y i S K D e BT WS R TED Gt 0 A L we S A Ser e

LETlUS EXAMINE THE FOLLOWING CODE FRAGMENT IN ¥HICH BASED GBJECTS
ARE PASSED AS PARAMETERST

DEFINE P33
BASE B1;

REPR SBl: SET(eB1);
EBLY pB1;;

F2(SB1l, EB1);
END P13

DEFINE P2(SB2, EB2);
EASE B2;

RFEPR SB2t SET(rPB2);
EB2t » B82;;

END P23

HERE SE1 AND EB1 ARE THE #ACTUAL ARGUMENTS#=, ANG SB82 AND EB2 ARE THE

#FORMAL PARAMETERS#s THE GBINDING OF ARGUMEKRTS TO PARAMETERS IS
EQUIVLENT TO THE ASSTIGNHMENT

<SB2, EB2> = <S31l, EBL1>;
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WE HWOULD LIKE TU DETERPMINE WHEN THE CUNVERSICNS (MPLIED BY THIS ASSIGNMENT

CAN RE REPLACED BY A BASE ASSIGNMAMNT B2 = #1. SUCH £ SASE ASSIGNMENT IS
PCSSIRLE wHEN THERE ARE NO DECLARED VARIASLES CIVE ON B2 PxICR TO IHE
BINDING OF ARGUMENTS. A SUFFICIENTs ALTHOUGH NO1 NECESSARY CONULTICN
FCE THLS IS THAT THE ALL LCCAL VARIASLES 375EJ ON H2 3E DECLARID
STACKEDS IN THIS CASE B1 1S KNGaN AS AN AACTUAL BASE# AND 52 IS

KNO#MN &S A #FORFAL BASE#. ACTUAL BASES ARE PASSED AND ASSIGNED THRGULGH
ThE NGKMAL ARGUNMLNT PASSAGE MECHARISM.

THE RINDING OF ARGUMENTS TD PARAMETERS INVLLVES A SMALL AMQUNT CF
INTERPRGCECURAL ANALYSIS T3 DETEEMINE WHcSThE® THE TYPES OF

ARGUIMEKNTS AND PARAMETERS MATCHs ANE WHAT CUNVERSIONS MUST Bk PERFORNMED.
THIS ANALYSIS IS DONE BY THE #BINDE&R2 PHA3IE (F THE COMPLILER, WHICH

IS ALSO RESPONSIBLE FUR MERGING SEPERATE HMODULES, RESOLVING

EXTERMAL VARIA3BLES, ETC. IN THLIS SECTIUN Wi CUTLINE THE TREATHENT

OF ARGUMENTS AND PARARMETERS,

THE SEMANTIC PASS WILL DETERMINE WHICH BASES ARE FORMAL BASES,
IT WILL MARK THEM BY ASSIGNING THed PARANETSR NUMBERSs AND
GENERATING #PARAMIN ASSIGNMENTS# FUP THEM AT THE START OF THE
ROUTIRE, JUST AS IT DOGES FOR VARIABLES WHICH ARE FORMAL PARAMETERS.
THE CODE FGR THE CALL

Cp(X=)

WILL BE GENERATED AS

(4) TENP = X;
{5y PITEMP=);
(6) X = TEMP;

XOWILL BE TYPED BY THE SENANTIC PASS USING BCTH REPRS AND LOCAL
INFGRUATIONS THE SINDER WILL PROUCESS THE CaLL AND ASSIGN #TedP# THE
TYPt OF P#S FORMAL PARAMETER. IF THIS MATCHS THE TYPE OF X» IT WILL
FLAG THE ASSIGMMENTS (4) AND (&) AS NG-OPS. CTHERWISE THE CODz
GENERATCOR WILL RECOGNIZE THEM AS COMVERSIONSe LINE (4} IS KEFERED TO 28
#CONVERT IN# ASSIGNMENTs AND LINE (&) IS REFERED TO AS A #CONVERT OLUTH#
ASSIGNMENT.

THE BINDER PREOCESSES EACH CALL IN THREE STEPSH

STEP 1. SEE WHICH BASES ARt GOCD CaANDIDATES TO BY 'USED aS ACTUAL
BASES. THIS STEP WCGRKS AS FCLLIOWS: ITERATE CVER THE LIST
OF FORMLL PARAMETERS AND THL. CURRESPCNDING ACTUAL ARGUMENTS.,
IF THE I-TH PARAMETER AND THE I-TH ARGUMENT HAVE DIFFERENT
FORMS, A CONVERSION WILL CEVIQUSLY 3& REQUIRED. OTHERWISE
COMPARE THEIR BASE ARRAYS, IF THE y=-T1H BASE OF THt PARAMcTER
IS A& FORMAL BASE, THEN IT MAY 8E THAT THE J-TH BASE Gf THE
ARGUMENT CAN BE USeD AS THE J-TH ACTULAL BASE.
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STEP 2. SEE TIF THERE ARE ANY ACTUAL 2ASES MIS3INGe IF SUs GREMERATEL

ﬁf. TENPORARAY BASES FOR THEM,
> STEP 3. SUPPLY THE REPRS FOR THE CONVERT~IN TEMPORARIZS SUCH AS

ATENP# tROVE. THE KEPR OF THE 1-TH CONVERT-IN TEMPURAPRPY
IS COMPLTED AS FOLLO%S: STAPT WITH THZ FORSM AND RLSE
. ARRAY QOF THE I-TH FORMAL PLRAMETEKS. 1F THE PARAMETERS
- J=TH BASE IS A FORMAL BASE, KEPLACE IT wITH THc COKRESPUNDING
ACTUAL BASE. CNCE TH: REPR HAS BEEN BUILT, St IF IT MATCHES
3 THE REPE OF THE I~TH ARGUMENT. IF SG, FLAG THE COKRESPONDING
: CONVERT-IN ANLD COGNVERT—-0OUT ASSIGANMENTS AS NiI-0PS.

:) LINKAGE TO PROCEDURE VARIABLES
D CALLS TO PROCEDURE VARIABLES AKE IMPLEMENTED USING A VARIATIUN OF
THE ABOVE SCHEME. SUPPOSE WE HAVE A PROCEDURE 2 WHICH BEGINS3:
o DEFINE P{S, X)3;
) BASE Bj;;
:}
REPR St SET{(e B);
' 7 Xt 2 8;
_ ‘ : . END;
. ) l L
7 END P;
3 THE SEMANTIC PASS WILL COMPILE AN ADDITIONAL PROCEURE
DEFINE P1(S1, X1);
3 |
REPR Sl» X1% GENERAL;S
3 , P(SLl, X1);
RETURN;
~ END P1;
3 ‘
) IT WILL REPLACE ALL PKROCEDURE ASSIGNMENTS X = P WITH X = Pl.
THUS PROCEDURE VARIABLES WILL ALWAYS HAVE ARGUMENTS DF TYPE GENERALS
{3 AND WILL NEVER KEGUIRE ARGUMENT CONVERSIONS. INSTEAD THE BINDER )
WILL INSERT THE APPROPRIATE CONVERSIINS WHEN P1 CALLS P,
i -
J
7
‘e
7]
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STACKED BASES
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SUPPNSE B IS A BASE WwRICH IS LGCAL TCO SGMc PRGZEDURE Pe FURTHERMORG
SUPPOSE THAT ALL VARIABLES 2AStD UON & ARE STACKED LOCAL VAKIABLES.
THIS MEANS THAT ALL VARIAILES waScl ON 8 4Ard 2840 IN EnIRY TC P

AS A RESULT IT IS POSSIBLE TO EXECUTE THE #ASE ASSIGMNMENT

B NULL BASE;

EVERY TIMEZ P IS ENTEPEL. THIS BASE ASSIGNNMENT IS DESIRABLE FOR
TwO REASONS. :

FIRSTy, A STACKED VARIABLE CANNOT BE GIVEN £ LOCAL REPRESENTATION UNLESS
ITS BASE IS ALSC STACKED, SIRCE THIS wOULD MEAN THAT DIFFERENT
GENERATIONS OF TH: VARIABLE COULD KEFER TO THe SAME MEMSEROSHIP &1T OR
MAP VALUE FIELD OF THE SaME BASE. ’

SECOND, IT IS LIKELY THAT EACH INVCOCATION OF P2 WILL ADD SCMe ELEMENTS

TO THE BASE WHICH WILL RECOMc OEAD AT THE ENC OF TdE PROCEDURE. IT IS
MUCH FASTER TO KECOVEK THE SPACE USEC BY THESE ELEMENTS IF WE ALLOW
AN ENTIRE STACKED 2ASE TO BECOME DLAD» RATHER TnAN DOING BASE
COHPACTION CN A STATIC HBASE.

IT IS GF COURSE POSSIBLE TO HAVE STACKED AND STATIC VARIABLES ON THE
SAME BASE. IN THIS CASE THE BASE CANOT B¢ STACKEDs AND THE TREATHMENT
OF THE STACKED VARIABLES WlLL BE SCGMEWHAT INEFFICIENT.

THE DECISICN WHETHER TO STACK A GIVEN BASE 1S PURELY LOGCAL, AND
CAN BE MADE BY THE SEMANTIC PASS, .

e

NOTE THAT BY DEFAULT VARIABLES ARE LOCAL STACKED. VARIABLES
DECLARED GLODBALLY OR USED IN A MAIN PROGRAM CEFAULT TO 6GLOBAL
STATIC.
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LOCAL OBJECTS AND BASE ASSIGNMENTS
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THE BASE ASSIGNMENT 81 = B2 IS ONLY LEGAL IF

1. THE ELEMENT ELOCKS OF £2 HAVE ROGN FCP aLL TRE LGCAL MEMBERSHIP
BITS, LECCAL MAP INMAGES, ETC. CF VARIABLES 3ASED ON Bl.

2e THE LOCAL O3JECTS BASED ON bl atb €2 USE C15JGINT PARTS QF EACH
ELEMENT BLOCK., '

AN EASY,'SUFFICIENT'CDNDITIDN FOR THIS IS THAT THERE BE NO LCCAL
OBJECTS ON Bl. WE CURKENTLY PLACE THIS RESTRICT1JUN ON FORMAL BASES.

A REMARK ON BASES AND BACKTRACKING

ASSUME THAT V IS A BACKTRACK VARIABLE BASED CN B, AN OK OPERATION
WILL PRESUMABLY NOT SAVE V WHEN IT 1S KNCWN TO BE DEAD. THUS THE
CCNDITIONS UNDER WHICH AN 0K OPERATION SAVES V ARE PRECISELY THE
CGNDITICNS UNDER WHICH BASE ASSIGNMENTS T3 B ARE PRCHIBITED. AS

A RESULT THERE SHOULD BE NO NEED TU SAVE A SPECIFIER FOR 8 DURING
AN CK OPERATION,

THE CURRENT BACKTRACKING SCHEME USES SHARE BITS TO PREVENT SAVED
VALUES FROM BEING USED DESTRUCTIVELY. SINCE LUCAL 08JECTS DO NOT
USE THE SHARE BIT MECHANISM, BACKTRACK VARIABLES CANNOT BE GIVeN
LOCAL REPRESENTATIONS,




