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Copying Garbage Collection with Substructure Pointers
Hiroshi Nakashima (lvolo University)
Abstract

In copying garbage collection, a substructure included in a larger structure canses trou-
blesome problems. When a struclure §; has a substrocture Sz, and a pointer to 53 is
found after §, was copied, 57 should not be copied to avoid duplication. Conversely, when
a pointer to &, is found after 5; was copied, §; and 5; in copy destination area should be
made equivalent. Furthermore, if two substructure shares a part of each other, it should be
prevented that they are copied repeatedly.

lu this paper, we show solutions to those problems for conventional copying garhage
collection and novel depth first methods, link and reservation stack methods. If the mutual
sharing by substructures is not allowed, transparend pointers to connest equivalent structures
will solve the problem. If the system inherently has the transparent pointer, such as variable
reference in logic programming language, it is not necessary to add new pointer type for
trausparent pointers.

O the other hand, if the mutual sharing is allowed, cowmbining two substructures will salve
the problem. Although this solution requires that the first word of a structure is distingnish
from subsequent words, transparent pointer type will be utilized for the identification, except
for the link wmethod.
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procedure brepdifi_ge :
new _fail : mem_addr o {(FrEROFERE) 1]

few mem_nddr ;  { WA SEEOFERTF -2 }
word mem. word ; { MEHSIEOM )
ol : e addr 1 Hof A EMNETIROREE TR LR }
size integer : { &4 2 F AR T — YR )
procedure copydata ; {F—#maE—}
begin
word = load{new) ;
if ts_poinfer{word ) then begin [ #A - FEEmAE )
ald «— address{ward) ;
if copied{word) then {(FF P22 idaE-H)
store new., make _worditag{word ), address| load(old))})
else begin

storenew, make word(tagward), new tail}) : { FA 2 FERAFIE—F g £S5 i1 A 1

size w— object_size{word) ;

copy.words old, size, new _tail) ; {F7722 P 2o}
store{old. make _word (pfag, new_tail ) ; | SedEat o — T }
new_tail s new_fadl + size { Y =D}
end ;
end ;
end ;
begin
new _toel = new_hase :
for Vnew € set_of _roots de {&TOL=HETT—F2a¥—}
copy . data ;
new =— new _hase ;
while new < new_tail do begin {rl-shicF—sifitr—stov—}
vupy_deta ;
new — new 4 1 ;
end ;

end ;

A2 YLUEOFE

procedure hink_ge ;
{ breadth_ge 2 CDERES )

old_lmk : mem_addr ; { IH@E~D) » 2 }
new bink mem_addr ;| #nfill~@ )2}
hsize : integer [ ~w ¥ DR )
stack_empty @ boolean : { A Fw 255980 64 true}
procedure initialize_stack ; { 2 & 2Dk}
begin
old_link ~— NULL : [ Voo &R 1 & iz alHE )
end ;
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procedure push_stack ; [ AF o7 wia)

begin
store(new _fad — 1, load{old + size = 1)} ; {FREEDES )
store( old_link, new link) ; { Vo @R}
store( old <+ size = 1, make_sword|{plag, old _to_new|old _link\}) ;
old_link — old + hsize ; { Vs e AHEFRCRE)
new _fink — new |
end @
procedure werl_olement
begin
if old_ink = NULL then { A&y 2R}
stack _empty — true
else begin [ aE—rhaffiithd b }
old_hnk — old _link + 1 ; { Uy e RERICRE )}
new fink — new_fink + 1 ;
new — new _link { REEORE }
word — load [ old link) ;
if last_word{word) then begin [ KB ]
old ik +— new_to_old (address{word)) ; { |HFHIR" > 7 DR )
word « load{new_lmk) : {FKBREEON L)
new fink — lond{old_fak) . { i) ol }
end ;
and :
end ;
begin
new _tond — new_base ;
insfiahze _stack ; { A% & ek}
for Ynew € set_of ruois do begin { T b R )
word «— load( new) ; [ o= )
repeat begin
stack_empty — false ;
if is_pointer{word) then begin { A & EHORA |
old — address{word) ;
if copied{word) then begin {A 7T FIIIY—FY)

storel new, make_word (fag(word), address | load | old) )1} -
nert_element |
end :
else begin
stze — abject size{word ) ;
store{ new, make_word{tag{ word ), new _tail)) ;
R =R ks R -
hsize v copy header(word, new tal) { ~ o F 22V LAEEERDO S 7 £ F 285 )

netr — new_tatd 4 ksize { SRR ED Y-k iE )

word — load{old 4+ haize) ; {HEFEL—F )

store(old, make_word(ptag. new tail)){ LB T ¥ — 5% 4 }

new_fail — new_tad + size { 7 ¥—SEnHiR |

if size = hsize then { A 2 FEROMS LR LT — F G |
next _element ;

else If size — hsize > 1 then { FETBE )}
push_stack ;
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end : { FRiEsTHAL 1 EhoF— 7 HiE )
end ;
else begin | A 2 #EFouLEE |
store| new, word) |
nexl _element ;
end ;
end ;
until sfeck _cmply ; { AE e IR LTITERIEL 1
end
end ;

A3 F¥HA297FOFE

procedure stack_ge 3

{ breadih_ge & 5| DERES)

old e : integer ¢ { AR BEEOIHERT F LA )
nEW_E integer ;  { WA REROHEE Y F LAY}
hsize : imdeger 1 | v FOiER )

n o infeger @ 4 AR }

stack_empty : boolean : | A ¥ » P HEL LT true)
procedure pop_siack
begin
new — addressload | stack))
repeat begin {HEhOe TR S Lo kit L it a
word — load{new)
slore{new make_word | fag{ word), new _tail)) |
new — addressiword)

end ;
until old _srea{new) ; [ HBRTF LASROPLETHREL )
odd == mew ;
store( old, load{stack 4+ 1)) : [ TR EHT )
size — object_size{word) ;
hsize — copy_header{word. new _fad) ; |~y Fea— LEEEROF 7L F 24 )
new — new tail + hsize | new_e — new { ZEEEOE—%RtiD )
oddd _e — old + hsize :
word — load{old &) : {EHERFO—F )}
store(old, make _word(ptug, new_tail)) { STEER IS O el )
new_fad — new_fed 4 sze { = E-‘}E'ﬂﬁﬁ}
n +— stze — hsize ; {FOHEEETRT )
stack — stack + 2 [ A& sbleT
end ;
procedure next_element ;
begin
ne—n-1; {FUBTERTELT )
if n > 0 then begin [ RMEEREDHD )
old_g — old_e +1 : { R EE LN )

new_g «— new e + 1 | new — new_e |
word «— load{old_e) ;

and ;
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alse If stack = new_base + new_size
stack_empty — true ;
else
pop_siack
end ;
begin
new tail — new_buse ;
stack — mew_base 4+ new _size ;
for Wnew € sci_of rools do begin
ward — load(new) ;
n+—1;
repeat begin
stack _emply — false ;
if s _painder{word) then begin
old — address{word) ;
if copied{word) then begin

{A&vridz}

{AFvoraHyT)

{ A% v 2 &ML}

{ — b S ARE )

[ # A 2RO )

(4722 M2TY—H)

store new, make_word (tag{ word ), address{lond (old}))) ;

newl _elernent -

end

else if reserved{word) then begin
old +— address{load{old}}

{ A7 Y2y PiEaE-F#iE)
{AF22OFFLA)

storel mew, make_word (fog(word ), address(load (old)])) ;

store( old, make_word(ptag, new)) ;
nexl _clement |

end ;

else if object_size(word) = | then begin

{ B & EdlHOREFEITIH A )

{16804 7V 2} }

store( new, make _word {fug(word ), new _tail )} ; {FEA ¥ S v - i W i -8 }

word — Toad{olid) ;
store{old, make word{playg., new _tad))
e — mew _fal 3
new_tad — new_tail + 1
end ;
else hegin
stack « asfack =2 ;
store|stack, make_word(plag, new)) ;
store{stack + 1, load|old)) ;
store( old, make word | plag, stack)) ;
next _element ;
end :
end ;
alse begin
store| new, word) ;
next_element ;
end ;
end ;
until stack_empty ;
end ;
end ;
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Ad BHBESFH3BOIOF-BHTE-EEDILE -

function copied|w : mem_word) : boolean
s tnfeger ; [F—sifnrzs)
hoold : mem_addr ; |7 —FRE0LE (HER)}
honew : mem_addr ; | 7 — ¥ W50 EH U5 ik= AN
T nteger | [ BROF 7L+ )
begin
5 — object_swzelw) ;
hoold v addressiw) :
w o— load{f_old) ;
copred — new_grea_plw) ;
if copied then begin { MBS Y 5}
h.ﬂf."ﬂ-' b Ii-dl"?'l?ﬁﬁf-ﬂf} 5
ie—1;
while ropied and 1 < s do begin {FEEEZISr )
w o [oad{h_old + 1) ;
copied — new area_p{w) and address{w) =k new 41 ; { AN L TR o Y= hid Y }
end ;
end ;
end

procedure copy_wordsac @ mem _addr. e 2 ideger, an : mem _addr )
i mdeger - { HEOQF T b }
w o omem_word ;| FEEOM }
g - mem_addr ; | JE-FHEEO2E-K)
begin
for 1 = to n - 1 do begin
= dood ([ ao 4 1) ;

if new_aren_pi{w) then begin { EFiLz !:."—ﬁ}
@ — address{w) :
store{an + 1, load{a)) ; { EE RS, BT}
store( @, make _word(trtag, an + 1)) { SR REHE A 22 2R T )
end
else {EEldfor-)
store(an 4 4, w) ; [BiIZoE—-}
store[ao 4 1, ﬂi.ukf.'_,war'd{?tag, an +1}) : -[ WEOIY— A }
end ;
end ;

A5 EoMENHID) 7 ED push_stack

procedure push_stack ; {AF 22T v i a)
last_ne @ indeger ; {BEoRoY-EE0NF7Ev |+ }
last_tail :  integer : {RED) rr0d74y b}
last_link : integer ; { Btk 1) 2 2 Ol }
i integer ; [{EFEntT7+v k)
ot mem_werd { ﬁi‘l‘ﬂﬁ I-
a: mem_addr ; { TE-HEFOIE-5%}
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procedure mope_link ;
begin
if last_tail < offset then begin
if last_nc > offset then begin

store(old + last_nc, make_word | trtag, old tink)) ;

first_tadd +— lnst_ne ;
end :
else begin
if last_ne = offset then

store{ old 4 last_ne, moke_word(triag, last _link))

else

store| old 4 last _tad, make word{ triag, last_link)) ;

emd
end ;
begin
store{old + affset, word) ;
last_nc — offsef =1 ;
Inat_tarl — offset —1
first_tail — offset — 1
for ¢ = offset to size — 1 do begin
w +— load{old +1) :
if mew_grea_p{w) then begin
if tag(w) = ptag then begin
i — address{w)
store{new + ¢, load{a)} :
end ;
else begin
a—a4l;
store(new + 1. pad{a))] ;
meowe ik
lasf fael « 2 ;
lnat_link — w ;
last_n — ofsset — 1 :
end;

store{ a, make_word[ trtag, new + 1))

else begin
store{new + i, w) ;
last_nc — i ;

end ;

store(ald + 1, make_word(ptag, new + 1)) &

end ;

move _link :

if firsi_toil < offset then
next_element ;

else if fist_tail = offset then

storve{ old + offsel, make word|plag, new)) ;

else begin
old link — old + offset ;
new_link — new ;

end ;
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entd ;

A6 SERBESHIBMOTHAZ v 7&ED pop_stack

procedure pop_siack |
£ ¢ integer [F—FiiEmiaa)
@ ¢ mem_addr : | EEOIV—SETF L]
bo: omem_addr 3 { BSEHER O HE A LSOO TR LA}
i

: integer {EEOs 7w b |}
begin
old — load{stack) ;
while old_area{old) then begin { TE-HOT7—FRSREETE T )

alack — stack + 2 ;
if stack = new_base + new _size then begin | A7 v 247720 HIT#ET )
stack_empty « true ;
return @
end ;
old +— load{stack} ;
end ;
repeat {F— s EEOIHERTF LA RNL )}
old «— address(load{eld})) :
until old_area{old)

storel old, load {stack + 11} ¢ { s+ )
see — )
repeat begin { HA M E 5 )

word — load{ new) ;
store{ new, make word{tag{word |, new tail)) : { HA L FFIL-HEETLITE )
s o wlyeet stze(make word{tag{ word}, old )} ;

if s > size then {BEOT - s HEOKE 25k }
SIE - A ]
new « address{word) ;
end ;
until {.‘l.itf_urm;[nﬁw] H
affset — copy_header(word, new _tail) ; [~y e aE— LEHEENF 75 F 2§53
old + old + offset ; {RIHEEROTF LARREE )
new — new_tall + offset |
1 e size — offsel ; {FRBETEE T ]
for i =0 to n — 1 do hegin {ERFELNA)
ward — load{old + 1) ; {E¥Era—F}
if new_area_p(word) then begin { ERRIAEA~OFEA A ¥ }
a — address{word) ;
if reserved{word) then begin [EFELFHAF v r~DFES 5 )
store{new + 1, load({a + 1)) ; [EHEET THAF v 2 hba -
b load(a) ;
store(a, old + 1) ; {FHAE » 2 CIHEAMTF LAEAL T}
repeat begin { P OR A T BT LTS )

word +— load(b) ;
atorel b, make _word{tag(word), new + 1)) 5
@ +— address{word ) ;
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end ;
until old_area(b) :

else begin ; {EFRIZTE—F)
stove(new + 1, load(a)) ; { REyEoEECEBR 1
store(a, make_word(triag, new + 1)) ; { B ECEEE A 22T )
end ;
end ;
else {EERHRoE—)
store|new + i, word) | {Hizoe—1

store(old + i, make_word(ptag. new + 1)) ;. { BH#EO T E¥—FE @R )
end ;

word +— load(old) ; {EHEFLFT-F )

new _tail — new_tail + size ; { 2 =k}

stack v sfack 4 2 ; [AFudrENeT}
end ;
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