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On Local Garbage Collection Scheduling Schemes
for Distributed Memory Parallel Computers

KENJIRO TAURAT and AKINORI YONEZAWA

We investigate performance impact of local garbage collection scheduling strategies on par-
allel applications running on distributed memory, dedicated parallel computers. Garbage
collection schemes on distributed memory computers generally combine a local and a global
collection; each processor performs a local collection to reclaim a part of its memory without
coordinating processors and a global collection (e.g., reference count or global mark-and-
sweep) to detect garbage that spans multiple processors. Since the motivation of local col-
lections is to avoid coordination and communication between processors, which are expensive
especially on large-scale distributed memory computers, they are commonly scheduled inde-
pendently, eliminating communication between processors altogether. Our experiments show,
however, that such a scheduling strategy significantly slows down latency-sensitive applica-
tions, due to the fact that collecting processors become unresponsive to incoming messages.
On the other hand, synchronized schedule of local collections, in which all processors perform
local collections at the same time, exhibits much more robust performance, despite the addi-
tional synchronization and possible extra collections. Finally, it is shown that the application’s
communication behavior can guide the preferred scheduling strategy at runtime.
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Fig.1 Estimating latency-tolerance of applications. Each

line segment represents an active period whereas a
gap an idle period. A frequently transits between
active and idle states, whereas B does not. In each
idle period, the processor is waiting for a message,
which will be delayed if the sender is performing lo-
cal GC. Suppose each idle period is thus prolonged
by a local GC with a probability (1/2 in the figure);
A would suffer more severely than B (see A’ and
B’). That is, A is more sensitive to an increased
latency than B is.
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Table 1 A brief description of parallel applications.
oo ooooo ooo oo

BH Barnes-Hut [ BHOOOOOOOODODOOODOOOOO SPMD oooooo

CKY | CFGUOUODO CKY OOOoooooooooooooo Ooooooooooo oooooo

RNA | RNA2000O0OO oooooooooooo oooooooo 0oooooooooo
GA ooooooooo oooooooo SPMD ooooo

BH (16 processors)

BH (64 processors)

BH (256 processors)

CKY (16 processors)

CKY (64 processors)

CKY (256 processors)

[Mbusy Oidie Oge Ooverhead|

[mbusy Qidie O g Doverhead |

[Mbusy Oidle Dgc Ooverhead

[Mbusy Oidie Oge Ooverhead|

[mbusy Oidie Oge Doverhead

[Mbusy Oidle Dgc Ooverhead

3500 6000 20000 6000 10000 25000
18000 9000
3000
5000 16000 5000 8000 20000
2500
4000 14000 14000 7000
2000 12000 6000 15000
3000 10000 3000 5000
1500 8000 4000 10000
1000 2000 6000 2000 3000 T 11
500 1000 4000 1000 2000 5000
2000 1000
0 0 0 0 0 0
FS Fl AS Al Fs Fl AS Al Fs Fl AS Al FS Fl AS Al Fs Fl AsS Al Fs Fl AS Al
strategy strategy strategy strategy strategy strategy

RNA (16 processors)

RNA (64 processors)

RNA (256 processors)

GA (16 processors)

GA (64 processors)

GA (256 processors)

W busy Didle Oge Ooverhead |

[ busy Didle Ogc Doverhead|

[ busy Didle Ogc Doverhead|

[Mbusy Didle Oge Ooverhead |

[Mbusy Didle Oge Ooverhead |

[ busy Didle Ogc Doverhead|

1200 1200 1400 3550 3450 3800
1000 1000 1200 3500 2100 3700
3450 3600
800 800 1000 3400 30 3500
800 3350 3300 3400
600 600
600 3300 3250 3300
400 400 w0 3250 200 3200
3200 3100
200 200 200 3150 3150 3000
0 0 0 3100 3100 2900
FS A AS Al FS F AS Al FS R AS Al FS F AS Al FS A AS Al FS F AS Al
strategy strategy strategy strategy strategy strategy
02 00 GCOOOOO0OO0OOOO0OOO0ODOO00000O0O00D0000000DO0000O0O00000000GCO
goooooooooooooooOoooooboOoooooOoOooObooOooOooDooOoooOoOoOooOooOon
JOFSO0O000O0 GCOOOOOODOOOODOOUODOFIOOOODODO GCOOODODOOoODOoOooooo
00o00o0DASO AI000000000O0O0O000O0D0000O0O000000DOOO0DODO0O0O00O0000
Fig.2 Effect of the scheduling strategy of local GCs. Graphs break down application runtime into

active, idle, GC, and overhead (communication, context switch, etc.). Times are cumulative

over all processors.

F'S refers to fixed synchronous strategy, which always synchronizes local

GCs, FI fixed independent strategy, which never synchronizes local GCs. AS and AI refer to
adaptive strategies with their initial strategy being synchronous and independent, respectively.
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