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Fast Mark-and-compact Garbage Collection

HirosHI NITTA and MOTOAKI TERASHIMA'

In this presentation, we describe garbage collection (GC) schemes used in an implemen-
tation of fast mark-and-compact GC and its effects. The traditional mark-and-compact was
regarded as inferior to copying GC in its execution time in case of few objects being in use or
a large storage space, because the execution time of mark-and-compact GC is proportional to
the size of storage space being processed. The mark-and-compact GC that has been developed
recently can process its task with the same time complexity as the copying GC by means of an
effective technique that sorts address data of objects in use (or clusters made of these objects).
Nevertheless such mark-and-compact GC requires more time than the copying GC, due to its
phases of marking, sorting and pointer adjustment that are costly in time. We point out that
the speed-up of the mark-and-compact GC described above can be performed by decreasing
the number of data being sorted and refining a scheme of the pointer adjustment. The former
has a good effects on the execution time of both marking and sorting phases, and the latter
does on both time and space. They enables the mark-and-compact GC to use a large size
heap. The execution time of GC does not necessarily have much effect on the total time of
program execution. The mark-and-compact GC the total time of many programs shorter than
the copying GC. This fact may result from the merits of the mark-and-compact GC: locality
of data objects in the heap and efficiency of the heap utilization.
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Table 1 Comparison of processing time of mark-and-

compact GC.

Program load sort | Traditional | Sort version

(o) (n) T Tgc T Tgc
Lisp 0.6m 10.3 | 3.26 0.217 3.12 3.5m
Tarai-6 0.3m 10.8 | 3.29 0.220 3.12 6.1m
list ver. 0.2m 11.6 | 3.28 0.219 3.18 15.m
Reduce 0.053 3498 | 20.0 0.310 20.1 0.218
Fourier 0.043 5856 | 20.1 0.284 20.1 0.214
analysis | 0.038 7160 | 20.1 0.305 20.1 0.228
Reduce 0.097 4756 | 26.3 0.263 26.4 0.335
Differ- 0.091 8729 | 26.3 0.239 26.6 0.306
ential 0.068 | 10199 | 26.2 0.207 26.5 0.192
Reduce 0.170 6175 | 22.8 2.227 25.6 4.719
Matrix 0.106 8521 | 22.6 1.665 26.6 5.414
6Xx6 0.079 | 11716 | 22.2 1.427 27.4 6.274
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Fig.1 Two generational GC of mark-and-compact.
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Fig.2 Registration of address data being sorted.

procedure mark(p)
if p is a terminator or already marked then return;
else if p is a cons object then
begin
mark two bits of MBT corresponding to p;
increment number_of_marked_bits by 2;
mark(car(p)); mark(cdr(p));
if —marked_beforep(p) then store D with p;

end;

function marked_beforep(p)

if any bit lower than p in a p’s entry is marked or
the MSB of the entry just before p’s is marked
then return true;

else return false;
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begin
clear MBT; // set 0 to its bits.
for p in root_set do mark(p);
for p in D do
if marked_beforep(p) then delete p from D;
sort D;

end;
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Fig.3 Relocation of objects.
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Table 2 Comparison of GC processing time on sorting.

Program | [eY | n | Tgc | Tm Ts

new genaration space : 2 MB

Tarai-6 10.3 10.3 | 8.6m | 7.6m 0.07m
list ver. 0.6 m 73 7.2 | 83m | 7.5m 0.06m
72 7.1 | 80m | 7.0m 0.07m

Fourier 3749 3498 | 0.181 0.080 0.047
analusis 0.053 | 1831 1536 | 0.146 0.078 0.010
1448 1130 | 0.142 0.075 0.008

F and G 2277 1472 | 0.120 0.079 0.008
series 0.067 | 1488 846 | 0.115 0.075 0.004

1148 651 | 0.117 0.077 0.003
Differ- 5026 4756 | 0.303 0.131 0.093
ential 0.097 | 2552 2130 | 0.172 0.086 0.026

1859 1438 | 0.153 0.081 0.010
Matrix 9430 6175 | 3.852 0.873 2.480
6x6 0.170 | 4053 1839 | 1.656 0.815 0.325

2700 1134 | 1.405 0.770 0.111
Bignum 1032 1025 | 0.605 0.452 0.056
vector 0.253 | 1019 975 | 0.549 0.385 0.065

1014 654 | 0.568 0.442 0.026

new genaration space : 4 MB

Tarai-6 10.9 10.8 | 0.012 11m 0.04m
list ver. 0.3m 7.9 7.8 9.2m 8.7m 0.04m
7.6 7.5 | 0.012 12m 0.04m

Fourier 6262 5856 | 0.133 0.066 0.023
analysis 0.043 | 3136 2676 | 0.121 0.066 0.009
2526 2005 | 0.118 0.064 0.007

F and G 4520 2917 | 0.115 0.074 0.008
series 0.062 | 2937 1675 | 0.105 0.068 0.004

2269 1295 | 0.103 0.067 0.003
Differ- 9304 8729 | 0.268 0.075 0.143
ential 0.091 | 4817 4043 | 0.158 0.077 0.025

3487 2760 | 0.139 0.073 0.010

Matrix 11786 8521 | 4.678 0.519 3.824
6x6 0.106 | 5016 2593 | 1.309 0.530 0.406

3320 1672 | 1.006 0.507 0.127
Bignum 1056 1032 | 0.300 0.227 0.025
vector 0.128 | 1037 950 | 0.282 0.200 0.033

1028 663 | 0.291 0.226 0.013
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Table 3 Comparison of processing time.

Program | T | Tgc | Tms pointers
new genaration space : 2 MB
Tarai-6 2.78 | 0.010 | 0.009 0 0.18

list ver. 2.80 0.018 0.008
Fourier 18.4 0.119 0.085 1.35 12.6
analysis 18.0 | 0.105 0.056
F and G 8.92 | 0.099 | 0.075 1.24 14.3

series 8.71 0.088 0.057

Differ- 23.9 | 0.153 | 0.122 | 5.83 20.3
ential 23.3 | 0.112 0.074

Matrix 22.0 1.40 1.143 15.0 30.1
6x6 21.1 1.00 | 0.619

Bignum 15.2 | 0.457 | 0.385 | 0.06 1.08
vector 15.1 0.432 0.342

new genaration space : 4 MB

Tarai-6 2.75 | 0.010 | 0.010 0 0.19

list ver. 2.83 0.017 | 0.008
Fourier 18.4 0.095 0.068 1.35 21.6
analysis 18.0 | 0.089 | 0.049
F and G 8.87 | 0.088 | 0.068 | 2.10 26.6

series 8.78 0.084 0.056
Differ- 24.0 | 0.131 0.107 10.3 39.7
ential 23.3 | 0.101 0.065
Matrix 21.5 1.060 | 0.832 7.59 52.8
6x6 20.8 | 0.661 0.414
Bignum 15.0 | 0.247 | 0.212 | 0.13 1.08
vector 14.7 0.227 0.174
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Table 4 Processing time of two generational copying GC.
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Table 5 Comparison of processing time of mark-and-

compact and copying GC.

Size 1MB 2MB 4MB

Program T Tgc T Tgc T Tgc
Tarai-6 3.25 49m 3.27 2.7Tm 3.28 1.5m
list ver. 3.22 6.2m 3.26 3.2m 3.832 1.7Tm
Fourier 18.7 0.227 18.7 0.150 18.8 0.120
analysis 19.0 0.132 18.9 0.101 18.8 0.079
F and G 9.93 0.163 9.92 0.144 10.0 0.132
series 9.96 0.117 9.96 0.096 9.98 0.082
Differ- 24.5 0.171 24.5 0.135 24.4 0.117
ential 24.8 0.113 24.7 0.102 24.7 0.100
Matrix 23.6 2.19 23.5 1.56 22.1 0.701
6x6 23.5 1.42 22.7 1.08 22.3 0.663
Bignum 18.3 1.01 17.5 0.379 17.3 0.164
vector 18.0 0.800 17.6 0.421 17.4 0.220
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Program Tarai-6 Matrix Bignum

GC type T Tgc T Tgc T Tgc
sort 2 1.64 14m 11.4 0.970 8.55 284 m
mbps 2 1.65 16m 10.4 0.689 8.93 246 m
copy?2 2 1.56 2m 11.7 1.348 8.76 194 m
sort 4 1.58 13m 10.8 0.749 8.74 108 m
mbps 4 1.61 20m 10.7 0.469 8.83 132m
copy2 4 1.59 1m 11.0 0.675 8.63 79m
program Fourier F and G Differential
sort 2 24.2 90m 7.15 70m 33.4 112m
mbps 2 26.0 84m 6.96 62m 33.3 91m
copy2 2 23.5 113m 5.40 109 m 34.0 102m
copyl 2 23.4 70m 6.93 62m 37.3 70m
sort 4 25.0 83m 6.96 66m 37.1 95m
mbps 4 26.6 74m 6.86 60m 36.9 83m
copy2 4 24.3 93m 5.58 91m 39.4 87m
copyl 4 24.2 54m 6.83 53 m 394 67m
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