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o v le Introduction
s o s oee el B <i8 a0 verd  short nobte Lo helep anybodw who might wish Lo alber or make
Mg i —addibtions Lo UNIX FROLOG. & fuller descriection may apeear laters but  For  now
I Lhis summars is all bhat is available. The descriebion applies Lo version NU4
o e o0F bhe swsbemy albhouah manw detoils are more or less  independent of the
W s version. It is susgested that the reader have available the code of Lhe swsbem
R and use this document primarily as o waw of aetting a alobal eicture of the
e implementat ion and of understanding whatever obscuribies Lbhe code and ks
R — comment € maw have.
e o : Some of the design decisions now look rather/stranae in hindsightsy but tLthis
R is aet bhe eplace for Justificabions or suggaest ions for imerovements.
i
il .
s 2« Storaae of Frogsrams

T —— . The PFPROLDG swskem is an  inkerersters and so bhe sboraae of user progarams
L g e VY OL VES L iR le more bhan representing in a liaear form bhe suntactic structure
s oo 3F Lhe clouses.

e - A fundament al component of Lhe reeresentab ion swskem is Lhe reeresental ion of
i e oth OMSe - Whenever an abtom is read {(throwsh DOREAL)y ibs characters are stored and
s ool B@A=bo-produce a hash number (Lhis haepens in SETATOM). This number s  Lhen
L used as an index to look wep o word in the hash table {(which extends from
oo HASHSTART Lo HASHEND:!. Each word in Lhe hash table contains gibther zero or Lhe
address of o dicbtionary entry for an atome If the word bthat is obbained

e contains zeroy Lhis means that the atom has not been previousle encountered. In
e oo RAS case a new dick ionary enkrw is created and Lhe word in the table wmade Lo
e — point bo Lhab. On the other hands if the word obtained is non-zeros it is
i nacessary Lo check whether Lhe dichionary enbry pointed Lo is Lhe one for Lhe
-atom  read. {This is done bv comparinag bthe characters Lhat were read with Lhe
s characters stored in bhe dickionary enbrw) IFf the enbtry is for come other abom»
B e Lhe sustem looks a fixed number of words (31} further on in Lthe table Lo tLru
- -and set some success bhere. This process continues unbil the swsbem has finally
e ‘ locaoted a word in the table bhat points Lo bhe dictionary entrw for Lhe atom (a
s - new entry being created if aver a zero word is encountered?. The position of
oo - bhe word in bhe Lable ({its addr - HASHS5TART}/ 2} is called Lhe ATOM NUMBER and
e oo b8 USed in various places Lo characterise bhal abom.
P , e
vt - e oo The foreab of bhe dict ionary entry for an atom is shown in fig 1. The first
it s etd@P G- 0 Bhe enbry contains either zero or bthe address of bthe first clause with
. oweeoe oo bk abom as ibs main predicate. That clause eoinkbs Lo Lhe second clausey and
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3rd char ¢ 2nd char

Hiah addr: Q i nth char
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Figure 1: Dictionary Entry for Atom

30 -on unbtil a zero peointer is found. The next Lwo bubes zive precedence
informat ion about how the atom behaves as an operator. Thew wvsuallw contain
zeros -but can be filled bw bthe rout ine OF. The ’lenath’ stored in a dickionary
entry is bthe number of characbters in Lthe name iny sag) +1y all rounded wup Lo o

wmultiple of 2. If n is evenr the dictionary entry is padded out with a null

bubte at bLhe end.

—the-pepresentat ion of a clause is illustrated in figure 2.

Low addr: Addr of next clause

Number of -Variables

Head of clause

ist goal

“neune

Hiah addr: nth goal
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Fiaure 2! Clause Representak ion

~Jhe main components of bhe representat ions of clauses are Lhe representations

of Lhe head term and bhe goals in the bodwy of bLhe clause. Each one of these maw
-

o

Fiawure

Fiaur:
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ogccupw - several words. Ibs extent is well defined because of Lhe waw Lerms are

represented. The reeresental ion of any doal in a clause haepens Lo besin with a .
word containing an odd number whereas sach atom entry or clause begins with an '
aven value. Hence bthe end of o clause does nobt have Lo be specially marked.
. .The representations of Lhe Lterms that are bhe head and the aocals of clauses -
~are called SKELETONS and are formed by Lhe following rules:
s k@ QR iabeger ~ Lhe reeresentat ion Ltakes Lhe form of 1 word in the
v e bormab {14 bibs)Qly where Lhe 14 bits gaive Lhe value of Lhe inkeser.
w.=For a wvariable - GLhe reeresentabion takes bLhe form of 1 word
ree s weGORGAINENG . Lhe valwe 2#¥ny where-n-is Lhe number of Lhe variable in
khe clause (1 {= n <= number of vars).
- For -an  anongmous variable {a variable Lhabt onlw occurs once in a
e e GhAAUSE and hence does not have Lo be allocated any space) - a - sinale
ceesword containing Q.
~~ For an atom - Lthe reeresentation is a single word with Lhe format
A4 bite) {10 biks?1ly where the first 4 bits are zero and the 10 hiks
-are Lhe atom number.
- For a comelex Lterm - Lhis is reepresented in a seauence of wordes
giving the erefix FPolish structure of Lhe term. Thus it begins with o
oo W@Pd o nepresent ing Lhe functor of bthe term and cont bnues with tbthe
representat ions of Lhe arguments in burn. (The arsuments mawe of
~courser. Lhemselves be complex bterms). The formab of a word
~-represent inga o functor is 4 biksy {10 bitsrlls where Lhe 4 bits aive
o.bhe aribty and the 10 bits give Lthe atom number of Lhe functor.
An éxumple of bthe representabion of o Lerm is given in figure 3.
- i i .
Low addr: 0GL1G011010G011LE ¢ 3 3
10Q0GOOQOGOGO0L0L Y (1)
F0000GOCOCO0GHOI0T  (var 13
; -
10010G1G0GLO11111 Y (2 3
1000000000 0R0G010GT  (yar 1)
: { H
High addr: {OQ0COOQGGOLGOGNGT  (anan)
: i i
Fiaure 3% Skeleton for FL{l:XraldsY}} Fiaw. e
~Examples of atom entries and clauses can be seen ab the end of Lhe PROLOG
code. Even where bhew have seecial sustem—defined proeerties {ie when —

aush em
, 3

Lhey corresepond bto evaluable predicokzs) all abtoms and clauses muskt be
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represenkted as above. IF o eredicate (s associated with o swstem functions the
address  of bLhe rout ing must be placed in bhe word before Lhe stark of o dummu
clause for the predicate. The clause must also appear before Lhe label  SFETART
{and only such clauses can appear therel. Then when Lhe heod of Lhe clause is
matchedy instead of lookina at the body of Lthe clause bthe suwstem calls Lthe
special rout ine.

3. Storage of Doka in Execut ion

When the user runs o progsroms he assians values Lo variables corresponding Lo
invocakb ions of clauses. When a clause is invokedy the sustem assians a block of

- shorage -Wwith 1 word for each variable of Lhe clause. The initial value of each

variable is Tundefined?ys which iz represented by Lthe #alue Q. During Lthe
a2xecut ionry Lhe value maw change Lo one of Lhe following:?

~= The address of anobher variable. This happens when Lwo uninstant iaked
- yariables are unified. The later instankiabion of Lhe zecond one must
result wikth the same vwolue being associabed wikh Ehe firsk. The
opr@sence of an address. where Lthe value of a variable should be saws
effect ively “"To aet Lhe values look in Lhis obher elace”.

- An abomic item (inkeger or atom). In Lthis case bhe representabion of
Lhe item (being Lhe same as in a skeleton) iz put in bthe word.

- & complex Lerm. Complex berms created durina execution (0S’s) are
elaced in bthe <elobal stack. If a variable is gsiven such o valuer a

- poinker Lo bhe structure is elaced in the variable’s word.,. & I8 s
cgffect ivelws a coew of a skeleton with wvalues like Lthose we are
currently discussing subst ituked for Lhe variables that nccur in ib.

-4, Core Allocab.ion

The orsanisat ion of core allocat ion has been desianed Lo make Lhe most of Lhe
{rather inarpropriabe) facilities Lhat UNIX offers in this area. The sushem
atbempts never Lo demand more from Lhe operat ing swsbem bhan it is likelw Lo
need, First of alls Lhe overall lawout of core is illustrabted in filaure 4. at
any poinky Lhe PROLOG swuskbem must be able Lo access Lhe area between the lowest
address -and OGTOFr as well as Lhe area between LTOF and TOF. The former of
Lhese is in aeneral allocobted os UNIX dabta arear with DATLIM givina the address
of the highest location Lhat can currently be accessed. The lakter is in
aeneral allocabted as UNIX stack areas with STLIM aiving Lhe address of Lhe next
word below this area. When bthe stack arsa atbtemphs to expand over 4K words
further expansion is prevented and the data area exponds instead Lo meest it
The flaa COMNECTED indicates whether Lhis condition kolds. Althowsh Lhe FROLOG
system rel inauishes control of data space Lhab itk does not  immedictely need
(throuah TRIMCORE): it is wunfortunabels oot possible Lo do this with stack

e 4

L.owest Address: Suskem code

r v 2

HASHSTART 2 Hash table for aboms
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HASHEND: ?ustfm ciausgs and a&oms

FREESTART = 9ser:5 c%udéfs and u?cmauiheup)

HTOR~-} Free area above heap

HLIMIT-—} freujousﬂalagal fhuck areas

 GSTART-—> ?urrfnt anl"clagse Snd 95

-GéDT-~) Current alobal sback

GTOP--} Free,areu between stacks

‘L;d;i?ﬁ ‘ Eurrfnt Eocu% stgck

LEOT--> freviaus’IOCEI sﬁuckaare?s

TOF-—3 Tor of core

Fiaure 4: Core Lagout

space. Since ik is wseful Lo keep bhe 5P resgister Lo handle subrout ine cails

within the interpreters 5F (s nob used as a pointer to bthe stacks ab the Lop of
core gxcept when wmore spoce needs Lo be allocabed bthere. In generals SF weoinks
ingide a special workspace area extendina downwards from WSTART.

Because of Lhe facility to do nesbed Tconsult’s and *breaks®y L iz possible
Lhat Lhe user mow have several different execubion environments active ab Lhe
same Lime. The wmain parameters of Lhe current environment are Lo be found
between ENVSTART and ENVEND. The sarameters for previous environmenks are  keph
on the alobal sback.

Within bhe sepace bhab bhe sostem usesys Lhers are basically Bhres main datka
areas’

1. The *heap?’. This is not really a heapr bhecause it is not  garbaze
collected. Inskead it is o stack conbtaining all bhe permanent
clauses and abtom dich ionary gnkries. This area skarts ab  FREESTART
and iks Ltop iz aiven buw HTOP. The expansion is limited Lo helow
HLIMITy which is where Lhe alobal stacks stark. IFf sxpansion  furbher
is abtemptedy Lhe alobal stacks are aubomab ically moved ue Lo make
space. Anuthing eplaced on Bhe heoap must sbart wikth o word wikth an
guven value {(begcause there are no exelicit clause Lerminabors). Note
Lhat the function Lo check Lhe availability of space on Lhe heae
(HALLOCY does not updabte HTOP. This iz so that it is possible Lo put
values Lhere but Lo posbpong making Lhem peegrmanent wowntil the last

5

minute. In Lhis waw one can avoid permanently messing up Lhe heap iF
an arror ocours half wow Bhrouah puth ing somebhina on.

2. The 4alobal stack aresaos. There is one global sback for each achive
user execut ion. The first one’s skart is given bw HLIMIT and the

Figdre



current  one’s bw GEOT. The Loe of bhe current one iz given bw GTOF.

~-The galobal stack is used to store Lerms consbructed durina Lhe
execut ion (referred Lo in sanw comments as 05%s). In additions Lhe DS
and clause associabed with bhe current user aoal are kepb Just below
where GBOT poinksy pointed Lo by GETART. & second function of Lhe
glabal skack is to contain bthe teail - Lhe list of variables whose
volues must be reset on backiracking. Trail znkries are interspersed
with 8%z on bhe alobal stack? they can be told aearkt because a brail
enkry  is a single address (even value) whereas a 08 starts wikh an
odd value. If bthe stack is moved uwes Lhe pointers OBROTe: GSTARTs
OFSTART: HLIMIT and GTOF are uedabtedr as are any eoinbers into bhe
global stack from itself or bthe local sbtock. No obther pointers are
updated. Futbing anwthing on bhe alobal stock must be ereceded by an
appropriabe call of GALLOC.

3. -The local stack arens. There is one local sbtack for sach active user
execut ion. The locnl stacks expand downwardsy whereas Lhe slobal
stacks and heaps exeand upwards. The first local stack begins aob Lhe

- address gaiven in TOF. The current one besgins ab Lhe value of LBOT and
extends to the value of LTOF. Local sktacks are wsed to conbain
adminiskrat ive informab ion about bhe wser®s execution az well as

- cells for varicble values. These are allocated in arours called sback

- Fframes. Futbtima anwbhing on bhe local stack smush be preceded by an
approeriate call of LALLOC. Nokte Gbhat Lhe epart of the sback used
during the sabisfaction of a gcal will be reclaimed ¥ Lthis succeeds
determinatelu.

F. Keeping Lrack of Execut ion

The code Ffor bhe wmain looe of bhe interereber (from CONMTINUE Lo GOONY is
fairly well commentezds but the main struckure can be summarised here.

Given bthe skeleton for a goal to be sabisfied {abt GOTCALL) bthe swshkem obbains
the atom which ackts as iks funcbor and finds khe first clause with that abom as

- predicabe {(now.-abk GOTCLAUSEY. IL must Lhen allocabkz a stack frame on the local

stack for a new invocation of GLhe clause. It starks off bw recording
administrat ive informabion and then {(ab ENTER} allocabes seace For Lhe

~qariables of the clause. It bhen invokes bhe unification rout ine (UNIFY!. Ong

araument Lo bhis is a eoinker kLo Lhe skelebon bhat mentioned Lthis aoals

hogebher -with a poinker Lo the stoack frame which gives Lhe values of bthe

variables in the skeleton. The other argument is o pointer Lo Lthe shkeleton ab
the head of bhe clauser bogether wibkh Lhe address of Lhe new sback frame
(giving bhe values of bhe variables for Lhe new invoocat ion).

- 4

If unificat ion succeedsy {(now ak CONTINUE} it must first be checked Lo see if
a swsbem clause has been activabed. I nots Lhe search for Lhe next 3oal can

- Lake place immediakelw., The first place Lo look is after the head of Lhe new

clause {(now ot TRYCALL). If Lhere is o soal therer that is finer obtherwise we
have completed the current goal. In this case {now abt RETURMN) we must look back
Lo the aoal that Lhis was o subgoal ofr and so on unb il a remaining unsatisfied
aoal can be found. IF Lhis process aoes back right Lo Lhe original user goals
we have been successful (SUCCESS).
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~If unificat ion fonilse or Lhere are no clauses for the eredicater backbtracking
bokes place (FAIL). &fbter resetbing bhe values of bLhe variables aiven in bhe
Erails Lhe swstem looks for bthe last choice point (The aoddress of its stack
frame is aiven in NR). If there is noner Lhe user 3sonl cannot be satisfied
{FAILURE). Otherwisz NBR is reset to bhe erevious choice poink and a new clause
‘is picked for the place where Lhe choice was made. (Now back to GOTCLAUSE).

How does Lhe execution process sbart (ab EXECUTE!? The goal that the user
aives is ‘asserbed’ as the body of a clause for Lhe predicate 77 (the atom with
an empby namel). That iss Lhe atom enbry for 7 (ab EDUMMY) is made Lo point Lo
a dummy clouse ab bhe start of the slobal stack. The swshkem Lhen aebs bthe
address (DCALLY of a dummg aoal of ** and starks the interersber cucle at
GOTCALL.

The - details of Lthe inkterereter loop can only really be understood if Lhe
format of stack frames is gxplained. Figure 5 does khis.

4. Unificokion
~During bhe execution of o wuser's perograme Lhere are Lwo wavws in which

instant iat ions of Lhe skeletons in his clauses can be characterised. Firstlys
qiving Lhe address of a skeleton plus the address of a stack Frame (normallw

‘hhe T’hase’ address) agives enouah information Lo specify the Lerm denobteds

because Lhe skelebon aives Lhe basic structure and bhe stack froame gives tLhe
yalues of Lhe variables that fit into that sbructure. Secondlyr giving bhe
address of a concrete DS is also a comelete sepecificabion. The basic
unificatb ion routinese make wuse of Lhe similarities in Lhe representab ion of
sheletons and D8's and work for both tLtypes of reerssentation. The only
difference is that if the number of a variable is encountered {which onlg
hapepens in o skeleton) Lthe aperopriate environment <{stack Frame!} wausk be
availables so that Lhe value of the variable can be looked we. The locations
Er El and E2 are used Lo hold currentle usaed znvironment poinbers.

The rout ine IDENT is fundamental +or wunification. Ibs funcbtion is Lo
intereret the data representabions. IDENT iz colled bo idenbifu the Lupe of a
ters and also Lo return an aeeropriabe value resulbt. It can be aepeplied Lo =«
variable cell or ko part of o skeleton or D8, If ik iz used on a skeletonr Lhe

anvironment pointer E must be sebt aperoeriately. The possible resulbs Lbhat

IDENT can reburn are gsiven in figa 4. Most of what IDENT does is Jjustk following

pointerss decoding Lhe lastk Lwo bits of words and lookina ue bhe walues of

7

—i

Low addr: Cell for var n

Cell for var 1

Addr of clause
being used
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i Addre of call of H
{ this soal {
t Base of frame for |  {{== Base of stack frome (FRAME)
! parent soal i
i Base of frome for | F Onlw
{ last choice point | } eresent ,
H H ¥ for 2
- 4 Value of GTOF
- For an anongmous variable (o variable that only occurs once in Q
clause and hence does nok have Lo be allocabed any spoace) — a4 single <
word containing 0.
- For an akom -~ Lhe represenftabion is a sinale word with Lhe formab R
{4 hibs) {10 bitsylly where the first 4 biks are zero and the 10 biks
are the atom number.
Ry
- For - a complex bLerm - Lhis is represented in a seauence of wordss
giving the prefix Folish skructure of Lhe berm. Thus b besins with a
word represent ing the funchor of the Gterm and conbinues wikh bhe 2
- representab ions of bthe arsumente in burn. (The arguments magr of
courser Lhemselves be complex tbterms). The formabk of Q word
reeresent ing o funcbtor is ¢4 bits: {10 bite)lly where Lhe 4 biks give 2
whhe ar ity and the 10 biks give bthe abom number of bthe functor.
an example of Lhe reeresentabion of o Lerm is given in fisure 3. 2
: i i
Low addr: 10011001101000111Y ( 3y 2 2
10000GOO00Q000101 T (1 ,
1000000GOON0QCOL0T  {var 17
L0010010001011111F (2 a) 2
100000000GO0000LDY  {(var 12 5
High addr: A000000COG000000C  {anon?}
: i i
2
Figure 33 Skeleton for Fi{l:Xeal{Xs¥)} Fiaure
Exameles of abom entries and clauses can be seen at Lhe =nd of hthe FROLOG #
system code. Even where bhew have seecial swshem—defined prorerkies (ig when
3
3
they correspond Lo evaluable predicates?) all abtoms and clauses wmuskt be
- cpepresented as above. If a predicate is associated wikh a sustem funcbtions Lhe 2
address  of Lhe roubine must be placed in the word before bthe shark of a dummy
clause for bhe predicate. The clause must also apeear before Lhe label SFSTART
£and -anly  such clauses can appear bhere). Then when the head of bhe clause is e
wot cheds insteod of looking ab bthe bodwy of the cloause bhe sushem calls Lhe
2
2
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special rout ine.

3, Storaae of Data in Execut ion

When the user rune a proaramr he assians values Lo variables corresponding Lo
invocat inns of clouses. When a clause is invokedr Lthe swsbtem assians o block of
sborage with 1 word for each variable of Lhe clause. The initial value of each
variable is 'undefined?s which is represented bw the value Q. [uring Lhe

- gxecut iony Lhe value maw chanae Lo one of bhe followina:

- = The address of another variable. This happens when two uninskant iated
-gariables are unified. The laber instantiabion of the szecond one must
result with Ethe same value being associated with Lthe firsk. The
presence of an address where bthe value of o variable should be saus
-@ffect ively “To get Lhe valueys look in Lhis obher place™.

- an abomic item {inbeger or atom). In Lhis case bthe reeresentab ion of
the item (heing the same as in a sheleghon? is pub in Lhe word.

- & complex Lerm. Complex berms creabed during execution (IS8%s) are
placed in Lhe alobal stack. IFf a variable is given such a values a
pointer Lo Lhe shructure is placed in bhe variable’s word., A& 08 s
effectively a copyw of a skelebon with valuss like Lhose we are
currently discussing subst itubed for bthe variables thal occur in it.

4. Core aAllocation

~FThe oraanisat ion of core allocat ion has been desianed to make Lhe most of the
{irather inarproeriake) facilities bhat UNIX offers in Lthis arsa. The susbcem
atbempbs never Lo demand more from Lhe operabing sustem bhan it is likelw Lo

- need. First of alls bLhe overall lavout of core is illuskbraked in fisure 4. At

anw eoinky Lhe FROLOG swshem ausk be able Lo access bhe area between Lhe lowest
address and GTOFr as well os bhe area between LTOF and TOF. The former of

« Lhese is in seneral allocabed as UNIX data arear with DATLIM aiving the address

of Lhe hishest location that can currentlw be accessed. The latbter is in
general allocated as UNIX stack arear with STLIM giving Lhe address of Lhe next
word below Lthis arsa. When bhe stack area aktempls Lo expand over 4K words
further expansion is praevented and bhe data arza expands insbead Lo meeb b,
The - flaa CONNECTED indicates whethar this condition holds. aAlbthoush the PROLOG
sucbem rel inauishes conbrol of daoba space that it does not  immediabely need
(throuah TRIMCORE)r it is unfortunabelw nob possible bto do thiz wikh sback

4
Lowestk Address: Sushem code
HASHSTART: Hash Ltable for aboms
HASHEND 2 Suslkem clauses and abtoms
FREESTART: User?s clauses and abtoms fheap)
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HTOF -3 Free area above heap RY
HLIMIT~—> Frevious alobal sback areas
e r ” o o r ‘
GSTART——} Current aoul clau=e and s
GBOT--} Current alcbal sback .
CGTOF--r Free area between stacks
. . . - -~ 24 o e » ‘4
oL TOP =} Current local sback
LEBOT=-} . Frevious local stack aresas ®
TOP——} . Toe of core .
Fiaure 4 Core Lawout Fiaur
Cseace.  Since it is wseful to keep Lhe SF reaister to handle subroutine colls W
-~ within Lhe intereretery SFP is nol used as a pointer Lo the sktacks at bhe Lop of
core except when more space needs Lo be allocabed bthere. In gseneralr 5F poinks
inside a special worksepace area extending downwards frowm WSTaRT. ®
Because of bthe Ffocility Lo do nested *consulk?s and *breaks?®y it is possible
that Lhe user maw have several different execubion environments active ab Lhe ¢
same bLime. The main earamebers of bLhe current environment are to be found
between ENVSTART and ENVEND. The carameters for previous environments are  hepk
on the global stack. b
Within Lthe seace Lthat bthe system usess bhere are basically bhree main daba
areas ! L 7
1. The Thear’. This is nol really a hears hecause it is not aarbaoge :
collected. Instead it is a stack centaining all bhe permanent e
clauses and obom dick ionary entries. This area starts at  FREESTART
oand - dbse koe is ogiven by HTOF. The expansion is limited Lo below
HLIMITy which is whers Lhe global sktacks starkt. If exeansion furbher ]
is atbemebeds Lhe alobal stacks are automab ically moved ue to make
space. Anwthing placed on Lthe heapr must stark with a word witkh an
—ayen  yalue {(because Lhere are no explicit clause terminabtors). Note e
that the function bo check Lhe availability of space on Lhe haap
(HALLOCY doees not wuedake HTOF. This iz so bhat ik is possible Lo pub
values bhere but Lo poskeone makina thew eermanent uwunbil LEhe lask .
=
tad
. L]
minuvte. In bhis way one can avoid permanently messing up Lhe heap if
an error occurs half waw bhrouah puth ing somebhing on. o
2. The alobal stack areas. There is one slobal sktack for sach ackive
user execut ion. The Ffirst one’s start is given by HLIMIT and GLhe )
current one’s bw GBOT. The toe of Lhe current one is given bw GTOF. .
The alobal stack is wsed to store berms construcked during Lhe
@xecut ion {referred Lo in wmony comments as 0S8%s). In additions Lhe DS
and clause associated with Lhe current user goal are keet Just below e
where GROT pointsy pointed bo by GSTART. A second funcbion of GLhe
®
L
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- global stack is Lo conbain bhe beail - Lhe list of variables whose
values must be resetb on backbracking. Trail enbries are inberseersed
with 057z on the slobal shkack? Lhew can be Lold arart because o brail
entry  is a single address (even walue) whergas a [0S sbarts wikth an
odd value. If Lhe stack is moved wer Lhe poinkers GROTs GETARTs
OFSTARTs HLIMIT and GTOP are uedakedr as arz anw pointers into bthe
alobal stack from ibself or bhe local stack. Mo obther pointers ars
urdated. Futbing anwbthing on Lhe 9lobal stack must be ereceded by an
appropriate call of GALLOC.

3. The local stack arsas. There is one local stack for zach active user
execution. The locol stoacks exepand downwardsy whereas Lhe global
stacks and heaps expand upwards. The first local sback beains ab bLhe
address given in TOP. The current one besins at the value of LEBOT and
gxtends Lo bhe value of LTOP. Local stacks are wused Lo conbtain
administrat ive informabion about Ethe user’s execubion as well as
cells for variable values. These are allocated in aroues called sbtack
frames. Fubbing angthing on bhe local sbtack must be ereceded by an
aeproeriate call of LALLOC. Noke tbthat bhe part of Lhe shback used
during Lhe sabisfaction of a goal will be reclaimed i(f Lthis succeeds
determinal elu.

5. Keeping brack of Execut ion

The code Ffor bthe wmain looe of the interereber (from CONTINUE to GOOMNY is
fairly well commenteds bub bhe main sbruckure can be summarised here.

Given bhe skeleton for a goal ko be sabisfied (ab GOTCALL) bhe suskem obbains
the atom which acts as iks funcltor and finds bhe Tirst clause with that abom as
predicabe (now at GOTCLAUSE:. It must then allocate a stack frame on Lhe local
stack Ffor a new invocation of Lhe clause. It sbtarts off by recording
administrat ive informakion and GLhen <(at ENTER) allocates seace for Lhe
variables of Gthe clause. IL then invokes Lhe unificat ion rout ine (UNIFY). One
araument to bhis is a eointer Lo Lhe sheleton Lhat wmenktioned Lhis aoals

togebther with a pointer bo Ehe stack frame which gives the values of Lhe
warinables in the skeleton. The obher argument is a poinker ko the shkeleton at

the head of the clauser together with bhe address of the new sback frame
{giving Lhe values of Lhe variables for Lhe new invoocabion!.
‘ : &

If unificab ion succeedsy {now abt CONTINUE! it must Ffirst be checked Lo see if
a sustem clause has been acltivaked. IFf nobts Lhe search for Lhe next gcal can
Lake place immediatelw. The first place Lo look is after Lhe head of Lhe new
clause {now at TRYCALL). If there is a goal bherz: that is fine? obherwise we
have comeleted Lhe current aoal. In this case {now ab RETURMN) we mushk look back

-~bo bhe goal bhat this was a subaoal ofry and =o on unkil o remaining unsatb isfied

qoal coan be found. IFf Lhis erocess 3oes back right bto bhe original user acal:s
Wwe have been successful (SUCCESE).

If unificabion failsy or bthere are no clauses for Lhe eredicater backbrackinag
takes elace {(FAIL). After resebtbting bthe values of the variables aiven in the
trails Lhe susbem loocks for the last choice point {The address of ibts sback

~Frame is 4aiven in NB). If there is nonz: bhe user goal cannot be sabisfied
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wnificat ion

~Lerm and also to return an approeriabe value result. It

(FAILURE). Obtherwise NE is reset bo bthe previous choice point and a new clouse
is picked for bLhe place where Lhe choice was made. (Now back Lo GOTCLAUSE).

How -does bLhe execubion perocess start (ab EXECUTE?? The aoal khat the user

qives it ’nsserbed? as bthe body of a clause for Lhe predicate *7 (Lhe atom wikh
an emplty namel. Thak iss the abom entry for ?7 {at EDUMMY) iz made Lo poink to
a dummy - clause ak the start of the g9lobal stack. The swstem Lhen aets Lhe
address (DCALLY of o dummy gaoal of Y and starks the inberersbter cwcle at
GOTCALL.

The details of the inbterpreter looe can onlw really be underskood if Lhe
formak of stock frames iz explained. Figure 3 does bhis.
4. Unification

Puring the execution of a wser’s progarame bhere are bwo waws in which
insbant iat ions  .of Lhe skeletons in his clauses can be characterised. Firstlay
giving bLhe address of a skeleton plus Lhe address of a stack frame (normally

Lhe ?base’ address) gives enough information bto specify Lhe bterm denobeds
because Lthe skeleton aives Lhe basic sbtructure and the stack frame gives Lthe
yalues of Lhe variables Lhat fib into Lhat structure. Secondlds aiving the
address of a concrete D5 is also a comelebe seecification. The basic
rout ines make use of Lhe similaritisgs in Lhe representab ion of
skeletons and DE’s and work for both tuopes of reeresenbation. The only
difference is -that f Lhe number of o variable is encountered (which only
haepens in o skeleton) bthe aepropricke environment f{stack frame! wust be
availabler so Lhat Lthe value of bthe variable zan be looked up. The locabions
Ery Elvand E2 are used Lo hold currently used znvironment poinkers.

IDEMT is fundamental
Lhe data reerseentab ions.

Its function is to
ident ify Lhe Lupe of a
can be aeplied Lo a
variable cell or to part of a skeleton or DS. If it is used on a skeletons Lhe
gnvironment epointer E musk be set aperoprictely. The eossible results that

unificat ion.
ig called ko

for
IDENT

The rout ing
intereret

JIDENT can return are given in fig &. Most of what IDENT does is Just following
paintersy decnding the last Ltwo bits of words and looking up Lhe values of
i i
Low addr: ! Cell for var n H
—r ‘ ! Lell for var 1 ;
i adde of clause H
\ being used H
! Adde of call of H
et ! this anal H
t Bose of frame for | {{(== Base of stack frame (FRAME}

\
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i Base of frame for | + Onla 4
! last choice point | r prasent &
H H > for
v ! Value of GTOF : ¥ Choice .
oo Migh-adde ! when frame creabed! } Foinks LS
- i i .
Fiaure 53 Stack Frome Represenbab ion Fiadwe
Tupe resulb Yalue resullb _
{in RGO (in R1)
o The reeregsentakb ion of an inteaer )
2 The address of an undefined variable .
4 The reeresentak ion of an atom
& The address of a complex skelebon /S
8 The locak ion of an anonumous variable .
Figure 4! Fossible Resulbs of IDENT Figu
(Y
variables in environmenkts.
~The wmain unification routine UNIFY is normallw called with two skeletons and @
gnvironment poinkers. These correseond bo Lhe call of Lhe current goal in
anobher clause and bhe head of Lhe new clause bthat is being Eried. In fack ik
will.work with any two bthinas that IDENT can  intereret. The process of @
unificat ion involyes following bhe tree sbructure of the Lwo bermsy checking
that functors are eaualr and bthen doina seecial actions whenever a leaf of o
tree - is encountered. If UNIFY performs a normal subrout ine reburne unificat ion &
has been successful and all the necessary substibut ions have taken »lace. The
only other eossible action ie for o Jump Lo FAIL Lo bLake place. .
~-UNIFY- sharks by calling IDENT for each arsumentr and bhen Jumes Lo an
aepropriate rout ine according Lo bhe combinab ion of tupes. Some routines Just ®
g
involve comparina two values (TESTER)s some mean immediatez failure (UNIFAIL), @
and some involve simply assigning a value to a variable (VTO1y UTDZ: ASEZVY. IT
one variable is made Lo point Lo anobhers it must be znsured bthat poinkbers a0
in such a direction that if pieces of stack are reclaimed there will be no @
painters inko limbo. The rules for ASS2Y mcke sure of bthis (In bthis conbextry n
*local? wariable cell is a cell in the local stack whergas a ’alobal’ cell is
one Lhak appears as park of a IS on the slobal stack). Moreovers whensver anw @
yalue is assianed Lo a variables Lhe address of that variable must be oub on
the trail if the value has to be reset on backbracking (Rout ine TRAIL!.
. L%
The more difficult cases occur when complex Lerms are involved. IF Lwo
complex bLerss are being unified <(SA12) a certain amount of monoguyeing is
necessary bo bake account of whether Lhe Lerms are part of larger bterms in @
prefix formab or nob. Then unificabion is called recursively on correseonding
argument s {assuming ident ity of funckorsi. If a comelex berm is unifisd with an
uninsbant ioted varinbler Lwo possible cases arises according to whether Lhe "
Lerm  is in Lhe form of o shkelebon (when it appears below GBOTY or o DS. IFf L
¢
e
@



I, Yo is a DSy it is 0 simele matbter to eut its address in bLhe variable cell. L ¥
P T Dtherwise a coew of bthe skeleton is pub on Lhe alobal stack {routine FLESH)»
e ; with aperoeriake values subsh ituted for bhe variables. (This is whera D5's are
v o created). The variable can Lhen eoink Lo Ehis. LW
- |
. )
o R 7. Roubt ines for Evaluable Fredicabes
The way in which seecial rout ines are invoked for evaluable eredicabes was L ¥
discussed in garlier sechions. This section 3ives some guidelines for wreibing
such roub ines. PY
When o roubkine For an svaluable epredicate s calleds Rl poinks Lo the
*yarinble 17 slot of bthe current stack frame. The variabls ARGFTR also  holds
- bthis address. The normal erocedure is bo start by checking bhe bwees of Lhe ®
argaument sy bthrouah IDENT, storina the values as necessary {All Lhe resisbters
except 5P are available in bhese routines). The the work for the predicate is
e doner and o normal subrout ine exit indicabes successful satisfaction of Lhe ®
spal.
o™
ol If the aoal is nobt sabisfiables it suffices for Lhe routine Lo cause a Jump @
e Lo FAIL. FAIL will clear up various bite and piecesr and dogs nobt reauire any
mjwm registers ko be setb. Alternativelyrs iFf a serious zrror occurss Lhe rouk ine ¢
g n— ERROR chould be called. This must be a proeer subroutine calles zven bhoush Gthe
s : call will never return. The number of Lhe error should be placed in the word
ol -  after the subroutine cally so that ik can appear in 2reor MEsSsSOIes. ¢
AN
gy General points Lo nobe when wribkina egvaluable eredicate roubines are the _
mﬁ -~ followinga., Firstlyy if a value is assianed to any variable cell: TRAIL must be €
b oo Callede-Secondlyr anw addibions to the stacks or hear should be precsded bw
i:}» v ~ozalls  of bhe aeproeriate ALLOC funchions and smusht bake inbo account how items ,
S -  in these areas are interpreted. Thirdlws if HALLOC is calleds the alobal stacks @
P——— - may have shifted by bthe Lime ik returns - so (¥ one has poinkters into the
e s i = )
vl ¢
MR enins -t
g - alobal stack in such situations it is necessarw Lo wse OFSTART or keep
b v gddresses relab ive Lo some poinber Bhat will be updated (29 GBOT). Finallwy Lhe .
R - fact that Lhe user can specify ?abort? Lo hapeen immediabelws after an interrupt "'
apemomee o= oo means bhat zvaluable sredicabe rout ines must be prepared Lo be discont inued ab
ol : ang poink. This wmeans Lhot permanent addibions to Lhe hear or changes Lo [
sustem variobles sust be carefully bimed or  interrueks disallowed for bheir
s i durat ion {Lhrouah INTROFF and INTRON).
-l® L
VAt Finally there is bhe task of producing dummu clauses and abtom enbriszs for new
P i gvaluable predicatess and in eparkticular of obtaining Lhe atom number of o new
amﬁmw predicate. Unfortunabely Lhere is no waw of doing bthis peoperly (wekl. The besh ”
A M way Lo discover what Lhe abom number of an atom is seems Lo be Lo run  FROLOG
gt Lupe in a simele clause with Lthe atom o3 predicale and bLhen look at bhe core .
L s image (with DBy DOOT or whatever) bto  inkererzt what has  aepzared after
PR — FREESTART. i
® L






