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Depth-First Copying Garbage Collection without Extra Stack Space
Hiroshi Nakashima {IWyvoto University) Takashi Chikavama(ICOT)
Abstract

In this papar, we propose two copying garbage collection methods. These two methods
copy data structures in depth-first order, while conventional methed copies in breadth-first
order. This modification g’h"at]}’ i:II!I.I!I'f’J"n"I‘H HILTIOEY ACCess lu-{'alit}' l'I.lI'l'iIIE hath Eaﬂ:m.gﬂ col-
lection and computation after, Hestriction on date structure representation is also relaxed
hecanse the proposed mwethods dou’t require that a data object itself indicates whether it is
a pointer.

For the depth-first copying, it is necessary to memorize information about non-leaf data
strucfures so that their unprocessed clements are visited afterward, The first proposed
method, the kink method, links data structures which have unprocessed elements. Another
method, the reservation stack method, pushes each unprocessed element being a pointer to
ancther structure to a stack allocated at the end of the area to which data objects are copied.
Therefore, neither of methods requires extra stack space.

We evaluated the performance of the proposed methods together with the coventional
method. The result shows that the proposed methods have a great advantage over the
conventional method when data objects are distributed in & large memory space, because the
wumber of page faults are drastically reduced,
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procedure breadth_ge ;

new _ind 0 wem_eddr {{ﬁiﬁﬂ.ﬂ')*ﬂj+]}

fnew ! mem_addr ;| SLERQGEOMGRMT F LA}
word : mem _word ; | Mjﬁ%ﬂﬁ}
ald @ mem_addr ;  { F 4 F FIEFRTHEOIHERTF LA )
size - mteger ; { A ?iﬁ‘ﬂ%"ﬂ'?‘—fﬁ'mﬁ@;a‘ﬁ}
procedure copy_data ; | F--Fmad-—)
begin
word — lond{new )
if 1s_pointer{word) then begin { WAy EONE )
olid +— address{word} ;
if copied{word)] then {FFT P PidTE—#}

store new, wmake word ( fagl word ). address)load | old]}]] ;

else begin
store| mew, mieake word { by [ word ), Ttr-'f.l'.'_fl:;l.l!_]_] . { Fo P FEHNTY % fET Bl ) el Y }

size «— ohject_size{word) ;

copy_wards{ old, size new _tail) | { FF Yy PEERII o }
store{ old, make_word(ptag. new_tasl)) ; { el oV — %A )}
new_tail w= new foid <+ size ; {2 E—ﬁﬁmﬂiﬂ}
end ;
end ;
end ;
begin
new_foil — new_base ;
for Ynew & set.of ronts do [ TOr— T TF—F%a=}

copy._data ;

TEERL = ur.'u'-ilu»,ﬂ' N

while new < wew_ll do begin = et F—rigtr—rt o — }
copy_data ;
new — new + 1

end

end :

A2 BEIZy7EOEE

procedure depth_ge
{ brewdthoye BV CERES)
pword mem _ward { O ¥ — RO H A YR }
offset - integer [ A REEOF T |}
old_head mem_addr ; { I E—hIHEMEOEETF L2 (I0EE))
new _head : mem_addr ;| 3 E— PAEBEORET F LA (i)}

n o integer ; { EMLBRIRE )

hsize - integer ; {~w ¥ OFEE )

stack _emply @ boolean ; [ A% o pEi il true}

procedure tnitialize stack ; { 2% v 2 0MIHE )
begin

stack — stack_kase ;
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puword — NULL ;
offset — 0 ;
end :
procedure push_stack ;
begin
store( stack, pword) ;
store(stack 4+ 1, effset + 1) ;
stack — stack + 2
puward — ward ;
offset — hsize ;
el Ml — old
new head = new — offset ;
e g1z = affset
end ;
procedure nexi_element :
begin
if stack = stack_base then
stack _empty — frue §
HI.H'H tlugin
offset — offset + 1 ;
ward — load! old_fead + offset) ;
new — new _fead + offset ;
fme—m-—1:
if # =1 then begin
stack — stack = 2 ;
pword — load{steck) :
offset — doadstack + 1) ;
if pword £ NULL then begin
old _head — address{pword) ;
new_head — address(load{eld fead)) ;
n +— obyect_size{pword | — offset ;
Eﬂd -
cnd ;
end ;
end ;
begin
new tad — new bose ;
initinlize _stack ;
for Vnew € sef_of _roofs do begin
word « load(new) ;
repeat begin
stack _empiy — false ;
if és_pointer(werd} then begin
old — neldress(word)
if copied|{ward) then begin

[ A7 v 20T v 1)

{ FBEE~DR A yTERHE ]
{FEROF T} 2Bk

{ R O A Y EERTTF LA REE )

{ AT H ok a }

{ RBFEOIE )

| A% ridze)

{ TE—bOEREELEH D }
{ ABFEOILL }

{ RUHELE LS T )
{FBEE}

[Ay v b hFaT)

{ ARG~ FE A - FBERT )
{BEOF Ty b 24T )

{ FER AR OAEHT M L A2 )

{ AL E )

{ A% v 2 2 0HIL}
| Tl b AL )
{ =k % RLEE )

{ 254 F iR mE |

(AT V2r FiETE—F)

store{new, make_word{ tag| word ), address(load{old)))) ;

nexi clermend |
end ;
else begin
size += object_size{word) ;
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stare| new, make _word(tag{ word ), new_tad)) ;
{#A v s E—REHTEITE )
hsize — copy header(word, new_tail) ; { ~vFEIV—- LEFEREOF 74y 283 )

rew — newtail + hsize ; [ EFERO IR ERE )
word +— load( old + hsize) ; {EmEFEso—F}
storef old. make word (ptag, new_tad)) ; | I T i 0 )
reew fiafl — new_fatl + stze : [ o E—Samaif )
if size = hsize then [FE A FEROLP LS 7 — S
serd element |
else if size — hsize > 1 then | IR S
push_stack ;
end ; { EEMchd BE0T— S )
end ;
else begin { dE# A FEROALEE }

stare{mew, word |
nesk_elernend ;
and
end
until shack _erneply ; { AE o ORI LETED ML }
end :
end :

A3 ULTFEOFR

procedure link_ge ;
{ breadth_gc 2] CREES)

old_link : mem_addr ; | [BiEM~D ) 2 )
new link mem.addr ;| FARE~~O) &)
hsize - integer ; { FOEER )
stack_empty :  boolean : [ 2% o e 6l true)
procedure initialize_stack [ A4 > OEE Y
begin
old_Imk — NULL : [ Vw2 ®7BHA 2 & ZHIHE }
end ;
prncﬂdu‘m pu.-di._.-rtru:k H { AE oy 3"-3-_}
begin
store(new_tatl = 1, load| old + size — 1)) ; { FIEEF L }
store old link, new_link) : {5y aEat |
stovelold + size — 1, make_word{plag, old_to_new(old link}}) ;
ofd link — old + hsize ; { U=z Ei’cﬂﬁ#::ﬂ'ﬁ}
new fink — new ;
end :

procedure nexi_element ;

begin
if old_link = NULL then { AF v FidE}
stack_emply — frue ;
else begin { IE—hDiREES Y }
old _link — old link + 1 ; U e REERICHEE)
new _fmnk — new_fink + 1 ;
new — new link | { REFEOEE )
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word = load(old_link) ;
if last_word{word) then begin

{FRETE)

old link « new _to_old{address(word)) ; { I050E") > & DETT |

word +— lowd{ new_link) ; | FREEONRT }
new dink — load( old _link) ; { Bl Ol )
end ;
end ;
end :
begin
{ depth.ge B LF#E)
end ;

A4 FHAE o TEOFR

procedure stack _gc ;
{ breadth.ge L] LEMTE )

old_e : integer ;| IR EROIHFART ¥ LA}
new.e : integer 1 { LEHRLROHFAT F LA}
hsize 1 integer ¢+ |~V OER)

n o integer { b ik }

stueck _Empty baolean | { A d o R o frue}

procedure pop_stark ;
kegin
new — address|load{ stack )}
repeat begin
word — load(new) ;
store(new, maoke_word{{fag{ word), new tad))
netn — address| word) |
end :
until old area{new) ;
old — new ;
store{old, load{stack + 1)) ;
stze o object _sizef{word) ;
hatze v copy_header|word, new_tail)
new — few _tail + hsize | new_e — new |
old e +— old + hsize ;
word — lead(old e} ;
store(old, make_word (plag, new _fail)) ;
new_tail — new tad + size ;
n o+ size — frarze ;
stack — stack + 2
end :
procedure nest_element ;
begin
ne—mn=1;
if n > 0 then begin
old_e — old_e+1;
new_e +— new_e + 1 ; new — new_e ;
word «— [sad{old &) ;
end ;
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else If stack = new_base + new_size
stack _empiy »— true ;
else
pop_stack
end ;
begin
new_tail — new_hase
stack — new_base + new _size
for Vaew € sel.of roots do begin
word +— load{new) ;
n—1;:
repeat begin
stack _enmpty o false ;
if &5 _pointer{word) then begin
old — address{word) :

if copied|word) then begin

{ A5y 72}

(A5 o2 %HsT )

{ 2% v %@L )

{ h— | %)

{ ¥4 > 2RO |

(FF VoMo —F)

store{ wew, make _word( tag(word ), address{ load{old)))) ;

nert_element ;

end

else if reserved{word) then begin
old — address(load{old)) ;

(#7208 Fi2T T8 )
(RFY4OTF LAY

store{ new, make_word (tag{word |, address( load (old )}

store old, ke _word (ping, new))
next_element :
end ;

else If abject size(word) = 1 then begin

{42 & £UPDEFUIEA )

(BTt}

store(new, make_word( tag{word ), new_tail)) ; { A ¥ &R W{T LT3}

word «— load{old) ;

store{ old, make _word{ptag, new _tail})

new «— new_tail |

new Lol — new daid 4+ 1 ;
end ;
else begin

slack «— stack — 2

store| stack, make_word(ptag, new)) ;

.ﬂom{a’tack - l,luuif[ufd}} D
storel old, make word(ptag, stack)) ;
next_element
end ;
end ;
else begin
store| new, word) ;
nexrt_element ;
end :
end ;
until stack _empty ;
end
end ;
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