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'!'he elata segment ot CON atorage.ls putltloned into three distinct 
areas (aee Fig. 3). 
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Details ot the contents ot eacb aNa and ot tbe interaction among 
the areas are discussed in tbe paragrapbs that tollow. 

1.11. LIS'!' AREA 

'!'be list area ot tbe data segment contains wltbin it structures 
ot c;»nl,. one t1J)e; Cbeae atl'iletIHres. are termed list lAOdes. . At all 
times the list area must be compact!,. tilled wlth.riOdes, 1.eo, theN 
must never exist in tbe area a word wbicb does not torm a node. 

Eacb list node NpNsents an orde~d_pairing ot two data pointers, 
On. ot whicb 1s deSignated .s tbe CAR· element, tbe other as the 
CDR eleant. Since the assumption Is maae heN that a core storage 
wora can accomodate at least two addresaes, a liatnode requires 
exaot!,. one word tor the paired data pointers. 'lbe address ot thIs 
WOrd constItutes a reterence to the node and 1s ltselt a Oata pointer 
(see tig. II). 
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A data pointer occurring as the CAR or CDR element ot a list node'-,,_ 
ma, reter to anyone ot the rollowing types or olasses ot structures: 

1) li.t nodes (as above) 
2) atomic structurea (array area) 
3) ldentitler beads (found in the flxed area ot the 

varlable aegment) 
') TRUE and NIL (apecial case.) 

PiS- ,. List Node, Q-32 Stlle 
CAR, CDR and the 11.t pointer 
itselt are data polnters. 

New 118t nodes are created by the prlmitive LIS' tunctlon CJNS. 
The procedure tor seleoting words 1n whlch to torm them ls treated 
ln paragraph 1.13. 

1.12 ARRAY AREA 

·e , 
!be errar area ot the data segment contains structures ot an arbltrar, 
number ot. t,pes; however, allot the •• regardless ot type, muat contorm 
to certaln common specltlcatlona and will be referred to collectlvely 
aa atomic structures-., As was the caae wlth l1at nodes in the list area, 

. atomic struoture. must always compaotly till the arra, area. 

Atoml0 structure. are, essentlall" ordered collectlon. ot data, both 
poiiiier and absolute, arranged. in type-speclfic tormats that contorm 
to tbose speciflcations, outlined below, which are oommon to all types. 
Bach atomio atruct~ conalats ot one or more sequentlall,-addresaed 
worela In the arrQ area. The tirst word ot the atructure ( and baIt 
ot tbe second, lf nece88&r7) 1s called the tltle word. It lncludes 
three ingre41ents, expliclt or lmplloit: 

1) type lndlcator, a s_ll lnteger specifylng the structures 
t7pe 

2) slBe, lnteser oount ot tbe total nuaber ot word. ln the 
structure (unneeded lt this intormation 18 lBPliedbl 
the tJPe lndlcator.) 

3) selt-pointer, address o~ tbe title word, conventionally 
10cate4 1ft CDR ot the tltle word consldered .s a li8t nodeo 

'!'be "_!nlnB worda or tbe struoture oontain tbe ab80lute and polnter 
elements; the number and anancements ot tbese eleme"ts and the 
alsnltlcance ot each one ot is a function ot the t,pe and, tor typea 
allowlnB variable-size structures. alao ot the aiBe • 
Conventional17, bowever, polnters are permitted wlthln a word onl, in 
tbe CAR-CDR poSltlons. 'Atomic structures ot 8fty t7P8, whether or not 



they may be created in various sizes, are fixed in size ever after 
their creation. In order to expand or contract a structure, it 
would be necessarl (but not a1wa,s possible) to generate a new one 
ot the desired dimenslon and to cOPJ into it those elements ot the 
old one which are to be preserved .. 

A 'Jpe Indlcato~ 
.{lIld Size :;..-' A .TITLE WORD 

Pointer and 
Absolute S'l'RUC'l'URE 
Elements 

FiSo 5. Atomic Structure 

Although the tormat and pattern ot the elements of an atomic 
structure are relatively unrestricted, certain information about 
the elements must be aval1ab1e, tor each particular type, to the 
storage control section ot the.s,8tem .. Specificall" this includes 
the size, it constant., and not explicit In the title, and. an . 
algorithm tor locating and, In some case8, determining the significance 
ot each pointer eleMnt in the struoture. '!'his intormation is required 
by the garbage oolleotor a8 418cussed 1n paragraph 1.1.. or oourse, 
much more Into~tlon about each t,pe 1s needed to make poss1ble 
ettective programming use ot it 0 

Reterences to an atomic structure come 1n two difterent variat1eso 
The data pointer variet" consisting merely ot the address ot the 
title word, represents the structure aa a wbole 1n a data contexto 
The locative po1nter variety. on the other hand, reter. to a slngle 
element within the structure in a variable context and conslsta or 
both the address or the word 1n which the element 11es and the 
d1sp1ace_nt or that word from the title (see I'lgo 6) .. 
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Some examplea ot apecific tJPes ot atomic structurea, aa they might 
appear in t~e 9-32 ~SP II a,stem, are il1uatrated below (aee Pig.7) 
Bxample 1 deplota a real number aa an atomio atNcture; the tJPe 
in41oator ia 5 and the lmplied alze tor thls type la 2. In example 
B la ehown a real matrlx; the t,pe lndicator 18 10, the total alze 
ot tbe struoture i8 S, tbere are 3 dl_Daion8, 11-l~ glve the rangea 
tor eaoh dtmenslon, and bl - b3 are base addreaaea Oaed tor lndexlng 
tbe matrlx. 'lna11" example C 11luatratea a 8peolal table atruoture; 
the type lndloator 18 50, the lmp11ed 81.e la 3, and the e1.menta 
lno1ude 2 data pOinter8 and an lnteger. arranse4 aa shown. 
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e 1.13 Pree Area 

!he tree storage area ot the data segment contains nothing whatever 
ot . an, slgnltlcanee to the program; Its 801e purpose, In tact, Is 
to serve as a reservoir ot words out ot whloh list nodes and atomic 
structurea u, be tOl'llled. Whenever a new list node Is to be created, 
that word In the tree area Immedlatel, adjacent to the 11.t area 1. 
expropriated tor the purpo.e, becoming tbereafter a word In the l1at 
area. A .111111ar proceda" 1. e1ilP16,ed tor the generation ot atomic 
.tructure., exoept that many words mar be taken at a time Instead ot 
3ust one and that the other end ot the}tree.area Is Involved. 

. . .~ . 
!be ettlcac, ot the procedure desorlv~ above 1., ot oo~' 
upon the aval1abl11t, In tree storasa ot the requl.1te number ot words 
one or m&nJ a. the ca.e m8J be. Slnoe this area 1. contlnuall1 being 
depleted bl the oreatlon ot structures, the _ment Is bound 1;0 errl ve 
.ooner or later, when It 1. unable to .atlstJ tbe demand tor word. 
made upon It. At this point, a proc ••• known as fP5!ase oollectlon 
must be Initiated and carried tbrough to a eucee.. oompletion. 
l't the program Ie to be oontlnued. Hopetu11" the garbapoollector 
will be able to Increas. substantlal1, the dimension to the tree 
storace area, at 1.ast bl an amount suttlclent to meet the demand 
at, band. \'he garB_oollectlon Algorithm Is presented In paragraph 
l.l~ below.. . 

, l...: .~; 

The aliorlthm tor serb... col1ectlori ot the data '.esment will be 
presented below In LISP II source lanpage. It will be t~ troll 
oompl.t., tor tb.lIOst part n.ll.otll11 ..... tbe related larbasa collection. 
probl ... tor tb. other sesments ot core stora .. , whloh will b. 
dlaou.sed later In more Intol'lll&l tema. ManJ' subtunctlona . will be 
d •• orlbed. but not expllcltl, detlnftd. Despite the limitations of 
suchan approach, ho .. "er, the pr~ purpo.e, that ot eXhibiting 
tbe allOrltbll tor cOIIPaotlnc the 11st< and arr., areas b, strucst"re 
relooatlon, will have b .. n s.ned.,:· .' 

!bat portion ot tbe total serbasa ool~ectlon sohe.. wblch atteots 
tb. data ..... nt oonalsta of .even o~ellbt 4ist1not .tepa (tb.~ do 
not all real1, deserve to b. called pae •• s) !be tlrst st.p Involves 
tbe marklnl of structures wblcb must be preserved, I.e., are not 
sarb .. e; tb. reu1nlnB stepa repr,esent ·a prolNsslon toward t~ 
ult1at. compaotlns of tbe aaved structures. requrinl thelr re
aaal~nt and relocation and the apdat1nl ot all r.terenoes to the •• 
A brier desorlptlon ot each ot the at.pa Is ottered below as a 
prelude to the actual LISP precedure detinitlon. th .... ly ••• 



'!'be part1tlon1ng ot the data aegment upon tbe ln1t1atlon ot ... 
sarbage col1ectlon 18 detlned b1 tour boundarle. 81-B4 (a.e Plg.8) 
!be aasumptlon ls made that tbe extreme boundarles ot the .eiment , 
B1 and B', ..... to be di.placed bJ amounta DBl and D811 respect 1 Yell 
a110wlns tbe a._nt aa a whole to be expanded, contracted, or ahlfted 
( an .aaentla1 part ot the ao-c~lled "growlngpain"). 

Bl 
ARRA! - - - - - - - -

3 DB1 

ARIA 

B2 PRIB 

B3 
LIS'!' 

ARIA 

I ... ___ _ ---- ---- -- j~ ~ 
Pll. 8 Boundari,a ot Data Sepent 

lJ.'he prlnoipa1 prooedure or the sarb... co11eotor GO baa aeven 
arpmenta: pOinters 81 -8", integera D81 and DS', and an integer 
I wblch apecltles the mlnlmum number ot worda tbat muat be reatored
Procedure OC advanoea one bJ one through tbe 8iSht atepa, eacb ot 
whlob la outllned below" and betore returnlng updat.. tbe pOinter. 
81-B" and checka tbat tbe .... aerated treee area doea 1ndeed contain 
at least N worda. 

1. MARltVARS ( not detlned) mark. all 11at and atome atNcturea 
that are to be aaved bJ applrlng procedure OCMARK to each data p01nte~ 
(or 10cat've transtormed lnto a title polnter) 1n tbe variable seement. 
OCMARK determines what lts argument la pointing to and acta accordlng11: 
an identitler head 1. marked br MARKI; an, otber atomic atructure., 
lt unmarked (NO'1' MARDDA(X»; 1. lQal'ked bY' MARKA and tben given to 
MARKBLS wblcb 18 ldentlcal to MARIVARS except tbat lt works on a 
alnsl. atOllie atruoture. a 118t node, it unmarked (NOT MARKEDL( X) ) , 
la -arked br IARIL, atter wblcb OCMARX i8 app11ed recuralft1, to 
1ta CAR and CDR ele_nts. or all pro.edurea 1I.,d bere, onlJ OCMARl 
1s defined; tbe reat are aa.umed.' Predlcate. IDP and BOOLP teat tor 
identltlers and value TRU! or IlL, reapective1,. 



2. 002 .. slgna new locations tor all marked atomic struotures, 
sucs-that Bl + DBl ls the first locatlon so asalgned and such 
tbat the struotures, wben moved durlng atep oc6 to their new 
10cat10n8 J will be oompaoted and will retain their onginal 
ordering. The new addreas tor tbe title word ot each atOlllo: 
s1;Ncture replaces tbe CDR of 1ts 014·· title word. (prev10u8lY' 
• aelt-polnter) Sub-tunctlon SIZEA determines tbe size ot an atomic 
struoture. . 

3. OC3 compacta the list area ~J repeating tbe rollow1n« two . 
stepa until It 18 no longer posaib1e to do 80: .'N'~. 'opsoat 
marked node down into the bottommost unmarked word; store a pOinter 
totbe latter In CDR of tbe tormer. Atter tbl. lteratlon bas been 
completed, tbe CDR ot all atollic structures and or tbos. nodes 
wblcb hay. been moved will contain th.l~ respeotlve relocation 
address.s.·;' 

.... UPDA'l'EVARS (not detined) rep1aceaeacb data pOinter ( or locative 
properl7 transtormed) occurring in tbevariable .egment b7 tbe value 
'or OPDADl appl1e4 to it. UPDAftP returns the relocation addl'ess, CDR 
of the atructure, tor all atomic structures anet moved li8t nodes, 
the pOinter dlsp1aced b, DB" tor UftIlO"ednodes; the pOinter argument 
ltselt otberwlse. . 

\ 

5'. < deli updatea all data polnte1'8 Whi~!) oocur .s elementa ot 'marked 
atoiiriatructurea. UPDA'l'BLS (not d.t~ned) 18 'ldentlcal to tJPDA'l'EVAR 
exoepttbat lt 8ubstltutes tor the. ·~a~a·polntera tound within A. 
81n«1. atOllio structure. Hote tbattbe proc.dures MARDLS an4 
UPDA!BLS ~at have available to the. tbe lntormatlon requlred to 
locatepotnter elements, aa mentioned 1n paraptapb 1.12. S11Ill1ar11 . 
SIZBA muat be able to.determine the alse ot anr given atOlD1o atruoture. 

6. 005 replaoea eaoh· CAR and CDR .~le_nt ot the. nodes In tbe nc;>w 
o..,aeh4 pan ot the " l1at area bJ UPDA'l'EP theNot. '. 

. ,;" 

T. OC6 1I0ges eaoh marked atomic 8tructure to 'the new location aS81gned 
,."f.or~ durin..: step 002 ( or to a temporary loc~tlon 1t· neo ... al')', 1n 
··or4er to a"'~4 cont11ot.. wh~n boup4U7 B1 is ,being. dlspl.ced .b7 a 
posit~ye bBl. ..": :; . . '..,#' 

..... , . '~.. . . ,.' ~". '.Ji,.~ ...... ~,~~ . ." t; '. _ .. 

8. OC7 dlsplaces the OOIIPaoted arr.,~ wben DBl ls positive·'and l1at 
ueilihen DBII ls.~Il~n-zel'O, SUCh 1;oai; the new boundaries ot the ..... 
ct.ta .epent Bl and 8_. wll1 become whatwa. prevlous17 B1 +DB1· 
an4:Blland DB' respectlvelJ. Aa In,step OC6, It 1s a.aumed·,)!a.t 
an)' room required trolD variable or procedure aegment tor the 'dls-
placement 1. alread, • .,.llable. . ... 
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Seyeral consideratlons whicb are releyant to but have been neglected 
in the garbage collectlon allorithm presented ~ere are: 
the unmarking ot structures :·(somewhat machlne dependent) ; the 
tact that DB1, DS', and N would not normall, be parameters ot oe, 
but would rather be computed heuristicall, atter the tlrst (markIng) 
step; tbe remainder ot the "growing pain" problem, slnce displacement 
ot 81 and 8. implIes the moving ot variable and procedure segment 
boundar1es; the gathering ot statistics on garbage collection • 



PROCEDURE OC (81,B2, 83. B4. DB1, DB_, N) 
PLUID POINTER Bl.82.83,B-; 
IN'lEOER D81, DB", N ; 

END 

BEOIN I'LUID POINTER NB2, NB3; 
MARIVARS (): 
NB2 .... OC2( ); NB3t- GC3( )j 
UPDATEVARS ( ); 00-( ); OC5 ( ); 
oc6( ,; GCT( ); 
Blf-81+DB1" B2+- NB2; 
8311-H83+DSA; e" ..... B"+D811; 
11' B3-B2 H 'l'HEN ERROR (.' (GC ERROR» 
RE'l'URN 

PROCEDURE OeMARK (X); BEGIN 
11' IDP (I) 'lBEH MARKI (Xl ELSE 
IP A'!'OM (X) AND NO'I MARKEDA (X) THEN 

BEOIN MARKA (X); MAROLS (X) END ELSE 
IP NO'1' BOOLP (X) AID NO'1' MARKEDL (X) -rHEH 

BEOIN MARKL (X); OeMARK (CAR (X»; 
OCMARK (CDR(I» BND; 

RE'l'ORN 
END 

PROCEDURE 002 ( ); 

END 

BEGIN POINTER P1,P2; 
PlJ-Bl; P24-- Bl+081; 

L1: IP Pl-82 '1'HER RftORN (P2 ) ; 
II' 10'1' MARKEDA (P1) THEN 00 '1'0 L2; 
CDR (Pl)+- P2; 
P2+- P2+SIZEA (Pl); 

L2: Pl+- P1+SIZEA (P1); 
00 'to Ll 

PROCEDURE OC3 ( ); 

END 

BEOIN POINTER P1, P2; 
P~ B3; P3P--B_; 

L1: P2.- P2-1; 
Ill' MARODL (P2) '!'HEN 00 'l'O L1; 

L2 : II' MARDDL (P1) 'lHBH 00 '1'0 1,3 j 
P1ft- Pl+1; 00 TO L2; 

1,3; II' P1> P2 THEN RftURN (P1'; 
WORD (P2)~ WORD (P1); 
CDR (P1~P2+DB_; 
p~ P1+1; 00'l'0 Ll 



PROCEDURE UPDADP ( X); ItE'l'tJRN 
II' '81 -t X ANIk .... BJ& THEN 

IJ XLNB3 '1'HEH CDR (X) ELSE X +D9. 
ELSE X -

PROCEDURE GCIl ( )~ 
BEGIN POlITER P1; 

'l ..... B1 
Ll: 11' PI • 82 THEN RETURN; 

111' MARKEDA (Pl) tfBER UPDA'l'ELS (P1); 
Plf--- Pl+SIZEA (PI); 
00 'rO Ll 

DD 

PROCEDURE OC5 ( ,; 
BIOIN pOINTBR Pl; 

Plf HB3 . 
Ll: IP P1-8- THEH RETURN; 

CAR (Pl)f-- UPDA'l'IP (CAR( P1) ) ; 
CDR (Pl)+.-- UPDADP (CDR(Pl»; 
P14 P1 + 1; 00 'J.'O L1 

PROCEDURB 006 ( ); 
BEOIH POINTER PI, P2; Ittl'EOER J tit; 

END 

K.. 11' DBl < 0 t.l'HEN 0 ELSE DBl; 
plf' B2; 

Ll: IP P1-B2 THEN RfttJRN: 
IF MARIEDA ( P1) 'l'IID BBOD 

P2 f-CDR (Pl)-It; 
POR Jf 0 8ftP 1 UH'1'IL (SIZBA (Pl)-1) 

DO WORD ('2+J )t--WORD (P1 +3) 
IND-, . 

'14--'1+ SIZI! (P1); 00 'J.'O Ll; 
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PROCEDURE OCT ( ); 

END 

BEaIN POINTER P1, P2; INTEGER .1; 
IP DB", 0 'mEN BEGIN 

Pl4- N83; P2 .... NB3+DBI4; 
FOR .1 .... 0 S'rEP 1 UNTIL (B4-NB3-l) 

00 WORD .(P~+J) . WORD (P1+.1) 
. END; 

IP DB") 0 mER BEGIN 
. P1 " .~"; P"" B"+D8"; 
1'OR J4 1 STEP 1 UNTIL (e"-HB3) 

DO WORD (P2-.1) , WORD (P1-.1) 
END~ 

IP DBl ) to THEN BIOIN 
P1 ..... NB2 - DBl; P2 +-- NB2; 
PCR J''f--l STEP 1 UN'l'IL (Pl-81) 

00 WORD (P2-J) ..... WORD (PI-J) 
END; 

RETURN 


