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List-processing systems have each allowed use of only a
single size and conficuration of list cell. This paper descrihes
a system which allows use of arhitrarily naeny different sizes and
confisurations of list cell, possibly not specified until run

time,



1. Introduction

List-processing systens (e.g., LISP 1.% ﬁﬁ], SLe bQ])
have each allowed use of only a sinsle size and conf i, uration  of
£

list cell. (1) This papcr describes a systen which allows use of

arbitrarily many different sizes and confiurctions of Tist

cells, possibly not spoecifiel until run tine,

HMultiple sizes and confijuratinrs of  Tist cells 2re
fraportant in nmany applications wherce the natural quanta of data
are not homozeneous in size ant format. For exanple, &
alcebraic internreteor wirht  record  the foilowing infornation

ahout each variahle knownrn to it:

reference count
value
nrint name

pointer to hash-table entry

The interpreter nizht also handie floating-point nunbers s
objects. low, if only a single coll=size is allowod, then cither

ith extravagant wnaste

-~

floating-point nunmbers will ba represente! v

of space, or varizbles will each be chained out into several

he abhorted LISP 2 systen [1] was to have allowed nultinle
s and confirurctions, hut only wuith a hit of systoems
ng ... beyond the domain of the average uscr' {5, p. 7

supporting each tvpe of cell.
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sraller cellis, with concor
pointers linking the cells) and tine (for following the spurious

npointers).

It will appear (Sectior 2 beloy) that list-tracing  is  the
nrimary obstacle to inplenentation of list-processing systens
with multiple sizes and rorfizuratiors of cells. Sectinns 53 ont

h Adescribe o tecbpicue for list-tracin~ in such systons, (1)

he ronainder of the paper is menerally  tutoriod, relating
the list-tracer of the carlicr sectiors to existing sroblens ond

solutions in list-srocessin..

%]

2. Ihe lmportance of List Tracing

Any list-processing system nust provile means for obtainins
single 1list cells from free storare (pucell), for seiting and
examining the contents of the various finlds of 2 ~iven list cell
(set/look), and for returnins Adisuscd list structur~ to free

storarze (crasclist). Other services are  generally  defined  in

teris of these prinitives. (2)

~

(1) After develonsint this techiicue, the author hocaw avware of
the sanewhat reloted vunrk of S, HMarskoall [?] .

(2 "ere and below, services not relatesd o 1ist nroccessing are
irnorad.  Tor cxannle, only & sl portion of LISP i3 relevoant;

rost of LISP is conaerned with Functiove-asnlicoting, arithoetic,
ais other extrancous scorvicns,
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cells kas rever heeon even a code-ontinizotiosn crotlen In cach
traditional list=nrocessive syeten, thers are a scttins Furcting
and an oxanisineg function for each Finld of the standar! list
cell., (3) Adline 2 nou tyvone of cecll to suck 2 systay antao il
addine  a  Few twore scttins ant  exasicing functinrce o Ule
Tibrory.

(1) E.o., cons i LISP snd nucell iv SLEP,

(2) E.~.,
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In systerns crhedicd within nolern ceneral-uureposc lanouanns,
these nuncrous  built=-in furctions are not necessary, Us ing
based=-structurs declarations(l) within such Tanzun-es, fieolds of
arbitrary list cells may he roforoncet by anmemonic namns, anna

accessed hy inp=1irn co-dr,
2.5 Ereselist

Returning disused Tist=-structure to free stovrece st bo
performed by sone  variatinon »f one  (or hoth [15]) of the

Following two methods:
2.7.1 Garhese collectinn [9]

Vhen froe storace is in short sunsply (or, s

all list-structurs accessible by nrasram, oorking
all cells touched. Then scan the entire rogion of
ero ry from which cells are  takon, During:  this
scan, nlace unnarked (= inaccessiblie) cells or the

free-storogo 1 and remve  the marks froo

—
8]
s

~

mertwed cells.,

(1) This termino

oy is that of PL/1. Uscrs of ALD or of S5AL [7]
declare coriponen

S




tthen o pliece of list-structure is discaried
Fyoa user orocrany, trace  throush  this  structurn
ant rocturm 211 of the col1s invalved in it to free
storaze. As a  refinonent  (as  in [lﬂ Y, allow
cells to hold  rofercnce  counts, and roturn
substructurcs to free storaze only when they are
no lonrcer sharod as suhstriucture by non-dicscar o

structures,

Cither of these mothods rcauires o procedure for
tracing throuch a list structurc, (1) Such a procedurs must
be able to accept a poirter to a cell £ an!, usinzg this

nointer, to explore £, identifving all of the other cclis

"
—t

t ot be

et

which have £ as list-narent. he procedurs g

misled hy the presence in £ of irrclevont ficlids containing

floatino=-noint nunhers, flagp-=-hHits, or other non-atdrocsns,

[he list-tracing orocedure is trhe oniy ossanlin2l

list-nrocessing sorvice which is not routicrely nrovidiat by

(1) The orisinal SLIP implemantation [la sprogds U
out thinly and discontinguously in tine. This
pleasing accordarnce with the engi

favors sriooth, continual apolication of eneroy.
effort 1s the sarme, however, and the infor

the procedure is unchangze.
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L.l.4 A yord in a cell O
(a) together with the next word in L, Lo
contain a pointer, or

(b) to contain the a’lress of another cell [,

(e¢) to contain bits (e.z., a flootinz-noint
nuber) which are neither the type-coldzs of 2

naointer (as in (a)) nor the Ziddress of anotrer

cell D (as in (h)).

h,1.5 Twuo cells € and C' are of the sane Lype |if

only if
(a) they are of caunl sizeo an
(b)Y for cach wort Y in £, with ecorrospondin:
word W0
(i)Y itY U, taken togethor wit!
next wordt in L, contains & »oirter,
so do the corresponding words in £'.
(ii) if U contaiis the adlrss of
another cell L, tren W' contains  the
address of  a cell D' wbhich is of the
sarnn tyne as D,

coritairs bits whicl are

neither the type-code of o aointer nor

-
i
i

ant
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tho address of anothear cell D, theait  s0

4.1.6 Two oointers noint to cells of Lho samne Uy

and only if they contain the sane tvne-colde,

1

!

vords, where nois the nunbor of words in eact cell of

.

(a) Vord & contains n.
(L) For 1 < i £ n,

(i) 1f words 1 and i+1 of aach cell of tyne T
coiitain a4 onointer, then wordl i of tn

corntains 2, a  constant AN fe rent From any

type=codlo.

(ii)y If word 1 of rach coll of type T
contains the allress of a cell of  type 1Y, Lthon

wori 1L of the tenslcote contaiecs the Zyne-cols of

-1
i .

(i1 ) 1f vort 10 of arv el of Uy 1
containg bits whic! are noithor ¢ o type=-colde of 2

aointer nor the o tdress of anoth

]
2

o+

o



vyt i of the tewmlete contning Z, 2 consiant
HE S aap - ~ -y f - - i B ~ 1
Jifferent fron P oant fron any Uyno-code.,

.3 The Rey ldea

In order to allow & list-tracing orojroa to  tracoe @

list structure conteining cells of type T, the prosron muast,

-

from tie pointer to a2 cell of type 1, be ahle to find the

ornlate for cells of tyne T. The sionie, sintle, contral

The tvne-colc for colls of tyoe T any e the
address of the tenplate for colls of tvne T,

Yol The Alocorithn,

>

A list-tracinm proccilurs is disnlove! hore in o hosturd

fory of PL/I. As  ivern, (his srocn lure rotrocaes  sharedd

substructurss, loons irdefinitely

on recoatrant ctructures,

and is hishly rocursive,

list _scan: procedurs (tyne_cote, cell_aldross, {);
declore (type_code, cotl_attress) allress,
£ external entry(atiress, aldrnss);

/* fAnply the function 'f' to every <21l of the Tio
structure whosoe root is o ccll of tyne 'tyose_code!' at
Incation 'cell_address'. =/

NP

declare coll_wori(n) address hased (cell_ad

i

ross),



Fined,

(P, Z) externa

.
i=1

.
s

do while (1 £ n);

_13_

A (t YOCe_CO de) ,

tonlate _word(n) aldmss,

aldd rnce .
atdress;

i ternlate vori(i) = 7 then

/* fCorrcsnondine word in
hit=nattern whic! 1nesg
list-child nf the cell, In
corresnhon-dines word of the ¢

S
to list-tracing. */

else if toplat
/* Corras
tyne-code,

Tist-child

clse
/ * Corre
address of

D)

o_vord(i) = 2 then

ntter wunrls, th

f!AIQ
nnt
n11 is

irrolevan

2in owast tho irrclevart wori */;

nonding  ord in tho call s

and the followins word in the ool
is an addrnss, Torether, thase saccify

of the cell., */

list_scan(calti_word(i),

cell vori(i+l), £);

+2,;

snonding W pid ir theo cell ic

a list=child coll wbose tvone i

Bis word in the tonmlate.x/

siven by t

Ao
caltl

. .

end;

call fltype_codc, cc
return;

cell xiori(i),
+1;
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end list_scan;

5. Some Flaborations of the Elementary Procedure

5.1 lmmediate Dato (cf. Sectinn 3.1 ahove)

As shown in Section ft.h above, the cleuecntary procedurn

i

<

almost allows tennlates with n = 0. The only neccessary

chanzo is to nake the call of f conditional uvorn n > 0.

For added cefficicncy, of coursc, the 1o could be

elahoroted so as to avoid spurious self-calls for processing

ol

! Inta in tho

of descendant nointcrs which contoin inmediate Into

place of addresses.

[ep]
J
w
wn
2
wn
o}
S
bl
-
<<
=
%2}

5.2

P

Certain onerations at Li~her levels of {he systom ey

BT ancd

involve classes »nf tvnes. For cxannle, nunbhers, arravs,

variables are ail "atons" to LISP?. 1t aay ke uscfui to 2t

a word of flag bits to cach tesplate so that classeas o

tynes way se easily distingsuished,

p-ontrant Lists and Shared Substructurs

e
.

Ul
a2

The elenentary procedure will exert rodundant offort on

shared substructurs, arnd it «©ill exert unhounde ! effort on



_15"._
reentrant lists. Sonotines these cases may  ho  avoided by

using simplified tenplates: at other Uines, parking il e

necessary,

By the definition of reentrant irmniicit in Section  L01

ahove, nany structurns are reentront ovon thoush thev viould
not ordinarily bhe so descritbed, Car nxamnle, consi'cr  any

structure in wubich sointors ars matchod by bacle-nninteors, o<

in SL12. Sueh a structure is its oy Tist-srandchil i,  oand
reantrant for surooses of the elaonantary orane lare,
This superficicl rochtrancy is sot o onoticod in

traditional systens since hand-tailorsd list-tracars hove
always been scnsiblce enocuph to follow only onc sot of
pointors. To estabiish this restriction Lo e, o
back=pointer words of the apnropriacts tormiates can b sol
to Z  (Mtiis o is not an ailress'), oV O thoush the
corrosnonding vt rede in the c¢olls o renlly  zontain

i — ~ ~
alirecsses,

1

Vhen true  reentroncy Is nogsibhle, the Tist-ftracinc

nrocodure st park troced Tists o thal thoy arc nol Lrsce



azain as their own list-'nscentants. tarcins ooy 2150

degirnble to avo it ro-tundont trocing 0

71
[0}

1
3
(O3
!
.

Lot omay Bannen that eolls  of  corioin

tvpes are pever the rools of reentrant or shore !
structures. Cells of these typecs  need never  he

markedd.

be list-tracoer is naking wse of
marbing, it will interrosote a bit in the tanlote

to sec 1f this cell should b mnried.

5.3.2.3 If cells of this type shtouid be
narked, then  the location of  the ark must  bLe
determnined. The location may ha set hy conventinn

(e.r., any cell ubich is marbed is marked in

first worid) or by the prescnce of a suecind colo

(tike P ant Z) in the corresnontirs word of (ke
template,
1f this cell is already nmaried, then the list-t

returns. Otherwisec, the list-trocor marhs  this  cell

traces its substructurn,



Cach uwse of 2o narking list-tracer iy nreed to he

followed by a list-trace tu reset the moris., Alternately,
if o broad field is used for marliny, then cach troco ca

use a new bit-pattern (say, consccutive interers) as  the

crence Counts

The use of refereonce counts for storoge manansemoent [?i
is formally similar to the use of mariing In porticular,
the considerations of paranrants 5.5.2.0=-% 0 ar~ all

e L e [

applicable to roferonce counts

e

5.4 Linear Liste

Linear lists are COMLIDT in liot=nprocessing
applications, In other words, it is comwn for cach cell of
a civen type to udtilize a ¢iven word for the aliross  of

another cell of the sane type. To indicatae the ond of the

list, a Jdistinctive hit-pattern (c.oz., 211 zero) is used,

It may be cconcmical to usc o hit in the templote to
indicate that the associated cells are wentbhors of Tirear

1

—

sts., Then, the list-tracer can use a Digh-soec! oo

insteat of a self-call for cach c=11 of lincar Tist.

—

(1) This technicque is due to iartir Ricrhar'ls.
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5.5 Qther Special Cases

Sl S et — - S ~N - - .
catinns, the list-tracing pro-ran Noy

In certain o&opl

need to take acranunt of idiosvncrotic nronertics of  crortain

cell-tyvpes, For eoxanple, sunnose  that o list-scarneor is
heine used to scan  Aliscarinl struntures  (Section 2.3.7

abova) in an alrsebraic intersroter which ircliadns aoolls o

(a) its reference count has cone to 2o, ot

(%) there is no value associate ! wrich this variable,

Sore  variahles meoy additionally 5S¢ suecially protecto! fron

The interproter oy have  alld of thte varioble
chainet o an fdentif icr hast table,

wheon a variatbls cell is to be roturne! to froo stowe, tho

hash=tahle chals must he potabed,
T g 1 —~ e~ H . - 1 . 3 .
[ c Vatrious cctions 5T tiv1s T 1: ol v 11 be

trivzerc! by a hit i the  teanlate of  cells  of  Lyng
variab:le. Difiilence atodt civir e this 5O 1t of

apolication-dependent inforhation to  the list=-processing

routines may be offset by the arjsunents of Section 7 bolow,



5. Lon=-Recursive List Scanning

Lo

In some onviroaants, it will Yo ecomanicel (o rourite
the list=scanner so as to avoi' rocursive calls,

5.1 Local Stacking

If nernon usahile as o stocd is availabie, plcle

recursive call of the list=scoarner can Ba renlace ! ith o

"mush operation of  the Sointor  orsunopt, Thern the

v
[

list-scanner coda 13 2ll surrmun-ed by 5 Toos wihich tokes

nayinters from the stoch until the stk is onpty.

o~

5.2 The Deputsch=Schory="ialte Aleonrittn

aunrapriste.,  The Deoutsch=5Schorr=liai

the scanne:d  list itsrlf  for tensorery storo~o furing the

Consider a 1ist striucture consistive:  (in o»art) of o
crandnarent cell 0, a narept cell P, and o chil it enll L. To

scan c2ll C, the list=scanrer nocls




(a) the tvpe of £, andd
(L) the address of £, and

() an index which i1l ronre nver the y2ris

The DSY 1ist scanner alsn reepmbhers thess Anta for col1l P,

tihen the DSV list-scanner roeturs to £ froa £,

(a) discard ite dota concnrnins £, and
(h) roplace iis data concerning L by i1ts dote

concerning P, and

(c) somehow reoplace its data concerning £ by

the correspon:ding dota concernin~. 4.

Thase data concerning G are retricved from 2 vord of
cell P, where theoy wore stored when  the D3U scenner  weas

about to nmove from P odowun to O, The wor!l used for thesea

data is simnly that word of P conteinine the aiddress »f T,
Since the dota corncorning € are keot alive within the LSV

nrocram Aduring onnrations on £, cortinruous storme of  Lhnse
data  in P is not esscntiol. Of course, these “2ta nust be
restorzd to P upon return from heaforo thoy are

! HES T - S gy R Y 1 -
"discarded" as sugrested just ahove,



akility of the Al=oritbn
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O

The USY scleome nay requirm that o sooare worl or tun be
present in every cell. This is so brcause alt
data (tvpe, address, and  internal irdex) concerning tho
crandparent cell must bo terworarily sto e
:

cell, only one datum (aliress) concornirg the chil i celi ey

be therc to be ovensritten., At bhest, the child cell will

il

have heen identificd with two words (type and allress), anl

the srandparent's internal index will still he toncleoss,

In practical cases, there are frecuently o fow  extrd
cell. It nizht o potad, Noroover,
internal index mav he representokic with as little

as one yit; this  was its sico ir the ori~innd rat

innlenentation.

7. 0On Subroutines and Technical Lonqaunication

ost  of the various Jist=oracassing toohn
describod above have bheen insicnente)  for o usc v an

-

alcebroic interproter. The interoretor uses cells of  seven

difforont sizos and  oabout fifty Hdifforent  (ypes. This
paper, instead of boing wholly devoted to discussion of  tho

underlying technicucs, aisht bave mo w corcorme ! itsal? wi



-0 =

the modularization, calling-seauences, ont other blzacli-hox

dotnils.

This ternknicun=nrionte! descrizting iz the recoult of n

vicw about the state  of  orocronwine., A Four o oyerrs  ano,

list-nrocessins was s orcane and JifFfienlt husinese,  Usors

wore not intercsted in the  intornal tooteinacs,  oany morT
- -y - -t -~ ~ e H e o s i e R

tlon, o few ore years 250, they bad heon interestol 4o oon

inteornal tachnicuos nf flontir—-=-moi-t it rorative

routines.,

Today, the techniauas onee et

VU Flootins=noint routings are oo e in=-1ins by

cr
'~
3

specinlis

S

evervyone. Similariy, Tist-processing cole is today soro

often taiiored than bhou-kt off tho rochk,

he listins=Iovers, no -Adoubt, woald he in  touch with

tho author no wmitter what he <1

8., Acknovwleodepments

he  puthbor s indehte! to  Prof
encouracenent, to €. Veuitt and 0L Susshon for Lhnaidr
corients ot oon oearly Jdratt, e
for bLrincing thn worie of 3. llershball D] ant  Hiartin

Pichards to the author's attention.
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