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Improvement in Performance of Parallel Garbage Collector

SHOGO MATSUL " YOSHIO TANAKA,t? ATSUSI MAEDA
and MASAKAZU NAKANISHIM

A class of parallel garbage collectors called snapshot-at-beginning collectors have preferable
properties such as predictable pause time and ease of implementation. However, these col-
lectors had been known to be inefficient in terms of collection performance, when compared
to other types of collectors. We have been working on the improvement of performance of
these collecters since 1982. In this paper we summarize the problems on snapshot collectors.
Our major achievements, Partial Marking GC and Complementary GC, are described. Issues
about measurement methodology of GC efficiency are discussed. We also report application
of our algorithms on a Common Lisp based system.
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Procedure Synapse_GC_Cycla ;
var i : t_pointer ;
begin
PHASE := rootins ;
suspend_mutator ;
for i :=1 te R do
push( root[i} ) ;
PHASE := marking ;
resuse_mutator ;
for i := 1 to R do
GP_mark(root[i]) ;
vhile << the stack is not empty >> do
begin
i := pop ;
GP_mark (i)
end ;
PHASE := sweep ;
for i ;=1 to M do
if cell[i].color = white then
GP_append (i)
else if cellli].car <> f then
cell[i] .color := white
end
Bl 6 Synapse GC &7 AT X4 (collector)

Fig. 6 Synapse GC Algorithm (collector)

{replacing car pointer of cell[root[m]}
to root[n) m, n : t_root }
procedurs LPa ;
begin
if PHASE = marking then
push(cell [root(m]]}.car) ;
cell[root[m]].car := root([n]
end ;
{cons( root(m], root[n]) m, n : t_root}
procedure LPc ;
begin
while FREE LEFT = FREE_RIGHT do {waiting} ;
root [R] := FREE_LEFT ;
FREE_LEFT := cell [FREE_LEFT].cdr ;
cell[root[R]].car := root(m] ;
cell[root[R]].cdr := rootfn] ;
root[m] := root[R]
and
B 7 Synapse GC @7 AT 1) X & (mutator)

Fig. 7 Synapse GC Algorithm (mutator)
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Procedure PAIR_OF_GC_Cycle ;
begin
CYCLE := full ; GC_Cycle ;
CYCLE := partial ; GC_Cycle
end;
Procedure GC_Cycls ;
var i : t_pointer ;
begin
PHASE := rootins ;
suspend_mutator ;
for i = 1 to R do
push{ root[i} ) ;
PHASE := marking ;
resume_mutator ;
for i := 1 to R do
GP_mark(root[i]) ;
vhile << the stack is not empty >> do
begin
i := pop ;
CP_mark(i)
end ;
PHASE := sweep ;
if CYCLE = full then
for i := 1 to N do
if cell[il.color = white then
GP_append (i)
else if (cell[i].coler = offwhite) and
(cell[i].car <> f) then
cell[i] .color := white ;
else
for i := 1 to M do
if cell[i].color = white then
GP_append (i)
else if cell[i).car <> f then
cell[i] .color := white
end

9 BAHSHEDT LT )X 4 (collector)
Fig. 9 Partial marking GC Algorithm (collector)

procedure LPa
begin
if PHASE = marking then
push(cell [root[m]].car) ;
if CYCLE = full them
if (PHASE = marking) and
(cell[root[n]].color = offwhite) then
push (root [a]) )
else if (PHASE = sweep) and
(cell[root[n]].color <> black) then
push(root[n]) ;
cell{root[u]].car := root[n]
end ;

procedure LPc

begin
vhile FREE_LEFT = FREE_RIGHT do {waiting} ;
raot[R] := FREE_LEFT ;
FREE_LEFT := cell [FREE_LEFT].cdr ;
cell{roct[R)].car := root[m] ;
celllroot[R]].cdr := root[n] ;
root[m] := root([R]

end

B 10 BT EOT AT ) X4 (mutator)

Fig. 10 Partial marking GC Algorithm (mutator)
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Procedura Complementary GC_Cycle ;
var i : t_pointer ;
begin
{Root-insertion and Marking phase
of incremental-update}
REQUEST_PUSH := incremental ;
for i :=1 to R do
GP_mark(root[i]) ;
vhile << the stack is not empty >> do
begin
i := pop ;
GP_mark(i) ;
end ;
{Root-insertion phase
of snapshot-at-beginning}
suspend_mutator ;
REQUEST_PUSH := snapshot ;
CONS_COLOR := offwhite ;
for i := 1 to R do
push( root[i] ) ;
resume_mutator ;
{Narking phase of snapshot-at-beginning}
while << the stack is not empty >> do
begin
i := pop ;
GP_mark{i) ;
end ;
{Sveeping phase}
REQUEST_PUSH := idle ;
for 1 := 1 to M do
if cell[i].color = white thea
GP_append(i) ;
else if cell[i].car <> f then
cell[i).color := wvhite ;
CONS_COLOR := white ;
end
612 #H#Y GC aT AT X4 (collector)

Fig. 12 Complementary GC Algorithm {collector)

procedure LPa ;
begin
if REQUEST_PUSH = incremental them
push(root[n])
else if REQUEST_PUSH = snapshot then
push(cell [root[m]].car) ;
cell (root [m]].car := root([n]
end ;

procedure LPc ;
begin
while FREE_LEFT = FREE_RIGHT do {waiting} ;
root (R] := FREE_LEFT ;
FREE_LEFT := cell [FREE_LEFT].edr ;
cell(root[R]].car := rootlm] ;
cell (root [R)].cdr := root(n] ;
if CONS_COLOR <> offwhite then
cell[root[R]].color := white ;
root[m] := root([R]
end
13 H#Y GC H7 AT LA (mutator)

Fig. 13 Complementary GC Algerithm (mutator)
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mutator & collector D FEFIL R ¥ v 7 T BV THT
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suspend mutator iX mutator {2 ') X b M % i &
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type t_pointer = 1. .M ;
t_root = 1..R ;
t_color = ( black, vhite, offwhite ) ;
t_pbase = ( rootins, marking, sveep );
t_cycle = ( full, partial );
t_mode = ( incremental, smnapshot, idle ) ;
t_cell = record
car, <dr : t_pointer ;
color : t_color
end ;
var cell : array[ t_pointer ] of t_cell ;
root : array[ t_root ] of t_pointer ;
FREE_LEFT : t_pointer ;
FREE_RIGHT : t_pointer ;
PHASE : t_phase ;
CYCLE : t_cycle ;
REQUEST_PUSH : t_mode ;
CONS_COLOR : t_color ;

R20 FRNGC TATIXADT— T HiE
Fig. 20 Parallel GC Algorithm (data structure)

procedure GP_mark( j : t_pointer ) ;
begin
while { j <> NIL) and
{cell[j].car <> f) and
(cell[j].color <> black) do
begin
cell[j).color := black ;
GP_mark(cell[j).car) ;
j := cell[jl.cdr
end
end ;
procedure GP_append( i : t_pointer ) ;
begin
cell[i].color := offvhite ;
cell[i].car := f ;
cell [FREE_RIGHT] .cdr := i ;
FREE_RIGHT := i
end

21 KBOFME (collector)
Fig. 21 Common procedure(collector)
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