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A traditional parallel mark and sweep garbage collection (GC) algorithm has well known disadvantage: the
collection efficiency is about 1/2 compared with sequential mark and sweep GC algorithm. In this paper, we
propose a new parallel GC scheme called Partial Marking GC (PMGC) which is a valiant of generational GC.
We also report an implementation and evaluation of PMGC. In the best case, PMGC is provided to be twice
as efficient as the original parallel GC algorithm. It is easy to implement high performance parallel garbage

collector on wide variety of multi processor machines using PMGC.



1 Fahx

Lsp Yo ) 2 PEFECE TR, H—<Xv
AL2vary (GC) KE->TY R ¢ ALEEIC FREFRERE 28
HUTLES. CoPERMEE T3 2D R E)

GCBl A romsA GCTA T Y XA 5PFR BERIH -

TwaH, ThoDTATY I LEkHnT b HEERHE
PRBICHWOBRC T ZTE A W#FIGC i, AE
HWEOMEE Y X HAEOERELE (BELFLE) O
KBABTRESR GC HTd 3. fHO~ALF CPU <
VYBRALFRENT34E, %7l GC OBER
HERXBREO 19TH 5%, BERILHEOR E
N7eWwF| GCHBRE L TCELT, £AkIALTV3
YOIEEAE R

GC DAE R, EXHCRIEDT 7 = —X LEE 7
2=ZXD2DODT7 =—XCHHbND. HJTT=—X
THA— b LEETRER €A (EETVWEEA) &2
hEAD L (FEATnE ) 2REIL, ERY =—
X CREFERTRE A e~ % ERL, HHEtA L LTH
HATE 2L 51cT 3. #FGCLEREBGC s
Th, GCoMERfTADh T3 EPICY X M AE
BiThbh3. VR MOAECRFLwEARERE R
b, V7 noBERILAr -+ OBERAYTAD
ha0T, GCoMMILE T MNEANALE] 2 LA
VWEEBCREETCVwE A% [JEATRVE] L2k
LCEBLTLY S AIREERE L 3. c o THF5IRML
B OFECISLTHEFIGCOTATY XAk wLD
POBECHET 2 C LB TE LY, BEEF GCT
HAnhbhTnwdT7AaY) XALDE LA E > Snapshot-
at-Beginning 8 (SBE)Sl 7~ =y x6th 3. ek
X, BHESBETATY XL %ANWcHFIGCTH B
Synapse GC # % Lisp v v ECEH L, % OF
¥Fh-72 B®oOxFy 7L ay b GCH, SBHE
TATY XLkERBEGC & LTHEELALDIDTH 3.
Synapse GC & X+ v 7 ¥ ay b GCHEWFh 3 mark
and sweep HFA D GC 2 ~<X—X ¢ LTHY, #FIrE
FfE OB RIEL(RLTH 3.

SBEIT A=Y X LT, ~+— MEA, HISH, BR®
3207~k 1 YA 2t L, GCORERCZD

VA IARBYVETC L X>TiHADNRS. H£ET
WL EARERLTLES ORB< D, IS HPH
W7 =« —XoBcEREN A ZRELED GC ¥
A7 ATCEBRENS. DD, =TI trpERE
I% mark and sweep HFXDEFER GC 0¥y 1/21ckh 3
ceBFmohTwall SBETATY XAkHwTY
X M E GC 2 HFNCITAE - 1 dBd, BERZEQE
TLUFMBC L 24— ~N—~y FEFOBEBIC LY,
T7Yr—vav0EFCH» b BECERELED
BEHoRcHELT ) Ev@ERrEonT, E#ILR
GCEfT RS NEBR IV IEFLEARERE & o
TLESHESVHEBE T30 mark and sweep
A copy HRAEE, £ GC %Y X FOLE & WFc
BES ¢ 3FRICBT 3 HER TR TEH, wih
KEWTHHIAEETAS5 CLiICKEFTAY » b8
REL, 77V —vaveET+s tEFEEON
RECBEBNTHEIRHBREBOLITVAN Th
LD GC KB T 3 HhEHRB T 2R R I LA
ExL, VA MPAEERFICT A S MBER I WL DH
HFET D, V2 MAEL GC 2 W cfTh 5 MBER
BEEERELERTVA W
FHEOBWREF GC oEALTH h, KT
X SBET A=Y X LDOEHKKFEDHE L LT Partial
Marking GC(PMGC) 2R L, To%RowT
#5334 PMGC W, SBEIT A=Y X4 cHERF
GCOELFHYBALLGCTHS. SBERFAZTY X
LDFEED GCH A 7 2~ DRI, WHMWELLICHL
THOHS G %175 partial marking 2 88 GC ¥4
I A%HAT 3. T O partial marking TRERTO GC
FAIANCEER > 2L ZEDED GC ¥4 71T
bEETWILAAEL, IS0 %TbAhw. PMGCH,
ElS0 i p 2RE %R EMET 5 T LI X b EEME GC
R SRR L, ERIE % L B RN A FETH 5.

2 Snapshot-at-Beginning B 7 JL
TURXL

SBEIT A=Y XLofih, ¥, REBIUZOR
fifi icB8 LT ,Synapse GC DEIEH L e L TR~ 3.




SBEIT A=Y XLoEECEL, HISHHAD 4 7L
L T black, white ¥ X Tf off-white & 5 3EE*HEH
3 3%. offwhite @7V —V X totricftmEs s £
rtH5. GC7FuetX (GP)k/L—MEAT z—X,
M3 7x—XPIVARTIz—XDIDDT7 2—X
B VET. S0 7x2—XTHA— R LAEERS
FTRTOEeA R LTEIT G ]F% WV (£ 7% black &
E23), BT x—XTE 7B white TH5er%
7Y —Y X b ~DEF, %7 black # off-white Dt
AMETZ V=YX PEDEBOT VLA RBRE, 27
% white CEXL 3. GP HEHISH 72— XTdH 3 HIC
LP A D KA v 2 kYW L A BBICREDRAL v &
% GP tcHi#s L, GP @yifidhictriced L THE]
SHEFS5X5KT5B. %k, conskfToTCT&EAkt
A D E T off-white TH B 7, BEROENRT =—X
TREREhZ cofflickY, FECTwEE
ABFEATnE LAEThCEBINZ T L HERL A
3. tok5Kk, SBREIGCTA =Y XAk, HERTH
9, HFIBE I VUEHHHOLE VAL THE. Tk,
WHIRDOHES, LP Kikr— MEA L F4 v X YPEED
MEHREMENZAKTTHY, LP DA —~~y FigE
HIChE

L&L, SBEITATY X 4T, +— HBAOEA
THEETwEEAYL, IS5 72— XBIXUVENT x—
XOMEK cons KX > THFRCER I NIt X, EHE
DER7 = —XCtRFELTER I AL EHbic=3
KA -7BETH, TORDOER 7 = —-XCHERE L
3. Lal, IS0 chs sEERELR GC 242/
FALCTH b, HickeyInBFL T3 X 51c, BED
BEr ko T e OEMENEE 1 {# 1L R mark and sweep
GCo#1/2 tAh->TLES. ThikBEAYDETT
P/ PRERINTHOE S ALFEATLES L
¥E£23 0, REAM@EE A HTSF7 2—X28
MokBpTlk, 150 72— XDk cons KX - T
HERR & I off-white D & ¥ R EFO v A BWE S HET
3. ENOLDEADELAERZERCET I tATH
38, ThonT I tAREEORNK 7 = — X CRE
WEHFICE M white CEZ bR EETTHD, &
BCREORDER7 = — X CERE LS. FHxxT

o BEIOER I X nid GC % (GC ]/ & EI7h
B DORKEWT 7Y r—vavoiifecs I tADEIR
BEVO T, LP OBWERHH S 5 C & BHKCE
ToTwn3.

2.1 % GC DM

WH GC DL % FHHT 5 21, GCHE G LikE
IERO X 5 CEHT B.

_ Tiyeq.gc
G =239
/Taeq.total

, (1)

I= TsqutotaI - Tpara.tétal

Tseq.total @
B, #IEBGC %2174 5 Lisp(seq-lisp) & #F| GC %
% % Lisp(para-lisp) CEWTT 7Y 7y —v a v ik
FTLASSOMEREEKRD L 5 KED 3.

“Tiegge - seq-lisp @ GC B0,
¢ Tscq.total. SeCI'liSP Oﬁﬁ&ﬂﬁﬁﬁ,
* 7-;mra.total pal‘a-lisp Oﬁﬂﬂﬁfﬁ

COWBE 1k, seq-lisp DLBEHEICXtF 5 para-
lisp DMEFE O EWOFIS 2R F. para-lisp ® LP
DF =~y FEE % Tyaraon paralisp & seq-lisp
O GCEVERIRDHY n &L, F—~—~y FOEE
% 0= Tyaraon/Toeqrotal €55 &, T, KDE5 I
TeHOLNE (3 EL, BEXE3 Lisp 7RI AR
RELTEY, BENCT IRHT LRET 3.
I =min(G - 0, 1-nG) (3)
1LP 5t 1IGP # X U 1LP xf 2GP CEfT LA SBHEIT
ATY XLORET — £ & 1CRT. Bk 1ILP X
IGP 0N AHFIGC (n=1 O0=0)HRKRHET
53 RRYEE R\ cons BEFMICKRYIKT eatcell
2AVETYERBLTET LA B 2RI OEE
Yy rEECCEREY, GCEREILE E.

77 7 DEFEIERS (G230 2 bBARDY ET) 1,
Hickey & DR3L® stable DARAE (LP 25 waiting % {7
ZWIREE), MRS D 5 b IBIEOES I alter-
nating DR (2GC ¥4 7 +iC 1 E LP % waiting %
B TRE), BB D 5 boBEOWH L critical



1.0

08 7

0.8 e

0.4 5 e S

02 A

0.0~
1 A

-0.2

-0.4

0.6
® 1-GP Original
T A 2-GP Original
1.0 E 5 +

00 02 04 a 08 08 1.0

-0.8 1

1: GCH L &=

DIREE (GC ¥4 7 rfEIK LP 2 waiting % 17 5 IREE)
TH5. TOYT 7Y — 7 (LEREENTE R TAE
PR &ET. 1GP DS, GCHx 5%H#kE ¢ LP O
BVl S d, 2GP DBA 1k GC Ea< 50%R1H
T LP OBWWERFME i v

1IGPD 72 7Xkb, n¥2Tdh, Or¥I5%TH
2z eHBbr3b 2GPDOY I 7k, 1LP X 1GP 0
B WFI GC & BE—BKLTVE. oL Erbd
nB2ThLclBbrb ik, TOHEDO
¥ 10%TH Y, IGP DFEES LIV KRELS A>T W3,
757 DR DS X FIER mark and sweep GC OB
VEX DB BN L% RT. IGP DY 77T,
GCEHBKE B THOWAAREN, 2GP 07T 7
T, GCEIPEWBFCHOBWIHEENLTS.

BlEXY, SBRITATY XL I A BIEEIERL,
EBERMGC oM 1/2 THEC LEbr3. ¥k, &L
# mark and sweep GC OBIVEX b LEHE 558 < %
ZBREBDILHBDrS.

3 PMGC

PMGC it, SBE7T A=) XA CHKE GC 0EL
FhBA L GCTH 3. ENSTICHd 5 EE % EH
+BCceCkt I e ABNENED LAY T .

PMGCH#, SBEITAT Y XALKxfL, GCH A 71
DEISHOWYCEELNLS. BIFA 7 10D5 bO—
B2 FXTDEADEMTT {774 v (full marking),
ERLEANDIA 7 A TR—EBO LA L TR GEIMf
3 %f7% 5 (partial marking). 1-2® full marking &
UGCHA s t, Thckk< BED partial marking
PBUGCHAI7AET LI DDy —F v AEMRX
H, PMGC RO =Y v A%BIVETCLiLk>T
GC oE % 7% 5. full marking &, WEHDOEIS)
tE(ELTHD. A— 1 HFAORATEETWET
_TDOEA%~—2F 3. partial marking TH, £D
full marking C=— 7 &Nt rZBRELEETRS
LBl ERLDEACKHTIESTRITbA. H
kCEI2 o0 301k, RIGCHA saThERETHh, £
ORIOA— M EBADRETHEER >kt TH 5. full
marking T=—27 513, generation scavenging
GCBlp EF@ -+ & A 3. partial marking % &8 GC
%A 7 Ak, generation scavenging GC DA FHIKIC
xt3+3 GC tELTH3B. PMGC i, ¥4 7r1C
1B, BEGHEE GC %175, AMOME - generation
scavenging GC T» % £ A %. partial marking Tk
%o 3 e rDBBHEHCLA DT, EITTLCH
2 EHEAEBOTHE . 2 0d, HEOEST 72—
XDMICEREh, ST ENBFICFEATLES
T (EREE D AKFEATLE S ®A) 33 i@
FToTeHBTES.

PMGC OGP L LPOTATY X L% 2L 3
~.

KR LAT A=Y XLTHR, full markin 2&t GC
%4 7 A (full cycle) & partial marking &4 GC ¥
4 7 1 (partial cycle) ¥R EICfTES k5 Khk>Tw
5. tAZ2DDEA v RT7 4 - F (left, right)
L1DDET7 4 -1 F (color) ¥FfoTwn3. A
DBRBIIMTHY, 7Y —YXFRFREEC X > TH
EhTw3. FREE.left X7 ¥ —J X F OETHEHEL,
FREE.right 37 J— U X rOXKB #ET. FXTo”
J—%rdD left 74 —A FICik £ &5 RFIAFRA
vEABLEDR TS, 3 LGP HEHIH72—X0
fBlilC LP A, v 2 DEETHI TR &, Y1V &b




procedure GP _root_nsert;
begin
push all roots onto the stack
end
procedure GP_mark;
begin
while the stack is not empty do
begin
n := pop;
while (n 7 NIL) and
(n.left # {) and
(n.color # black) do
begin
n.color := black;
push(n.right);

n := n.left;
end
end
end;
procedure GP_collect leave_mark;
begin

fori:=1toMdo
if i.color = white then
APPEND(i)
else if (i.color = off-white) and
(i.left # ) then
i.color := white
end;
procedure GP _collect clear_mark;
begin
fori:=1to M do
if i.color = white then
APPEND(i)
else if i.left # f then
i.color := white
end;
procedure GP_partial_markinggc;
begin
while true do
begin )
PARTIAL := true;
GP_rootinsert;
GP_mark;
GP_collectleave_mark;
GP _root_insert;
GP_mark;
PARTIAL := false;
GP _collect_clear.mark;
end
end;

M 2: PMGC ©T7 A=Y X 4 (GP)

procedure LP_rplaca(m, n);
begin
if PARTIAL then
begin
push(m.left);
push(n);
m.]eft := n
end
end;
procedure LP_rplacd(m, n);
begin
if PARTIAL then
begin
push(m.right);
push(n);
m.right := n
end
end;

procedure LP _cons(m, n);
begin
sleep while FREE.left = FREE.right
NEW := FREE.left;
FREE.left := FREE left.right;

NEW left := m;
NEW.right := n
end;
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