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Modular and Efficient Implementation Scheme
for Memory Management Systems

YuJi UcHivyaAMAt and KEN WAKITAt

The article describes a novel design and implementation scheme of memory management
systems for programming languages. The scheme is modular in that it allows the memory
management system to be replaced without modifying the rest of the programming language
implementation. It is efficient in that the scheme incorporates optimization of the memory
management interface to eliminates possible overhead incurred from using this interface. The
paper defines an abstract interface between the runtime system and the memory management
substratum. Though the interface is simple, it is flexible enough to describe variety of memory
management algorithms. Execution efficiency is achieved by a specialization technique that
specializes the programming language implementation with respect to the implementation of
the memory management system. Modular design typically incurs execution overhead due to
use of generic interface definitions. This inefficiency is resolved by adding efficient bytecode
instructions which are specialized for a given memory management system and also applying
a bytecode transformation technology that make use of the added instructions. This memory
management interface and the specialization technique has been implemented, used for de-
scription of various memory management algorithms, and tested effectiveness of the approach
with a number of small- to medium-scale benchmark programs. The results show that for
most cased the specialization technique removes 10% overhead which is otherwise incurred
from using our abstract interface.
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Fig.1 An abstract view of the memory space.

gbbooodbooooboooboooooboOobOoooo
gbooooobooooooooooboooooooon
oooooooboooobooboobooooboo
oobooooocobooob0O110000000000
ooooboooooboooboooooooobooobooo
gobooooooooboooooooboboobooo
gooooog
oooboooooooooooooooooo
goboooooooooooboboooooboooooo
gooodobooooooooobbooooooobooo
gooobooboooooboooobooooboOoooo
gboobooobooooooboooooboboooooon
gbooboooooboboooooboooboobooo
gooooobooooooobooooooboooooo
gooooooooocoooaon
gobooooboobooboooboobobooo
goooboooo 200000000 000000
gobooooil1oboobooooobooooboooa
gooboobdo 2000000000000000
gooobooooooooboooooooobooboobooo
goooocoocobooboooooOooobooooooboo
gbbooooooooboooooOooooooooon
gooooooooooooboobooooooonn
obooooooooobooooooooooooo
gooo22000000
gobooooooooooooobooooooDo
gbooooooooboooooooobooobboooo
gobobooooooooooooboooooooa
gooooboooobooooobooobooobooon
goooooooooobooobooboboOoobooon
goooobobooooooboooooooboobo
gtoooodoooobooooooooooooooo
oboooooobooocooboooooooon
gboooboooboooobooooooboooooobo
goooooboooooobobOooobooooboo
goooooooooooooobobOoooooDobo

Jan. 2002

gbobobooooooobobooooocoooooooo
gbooooocoooooboz20b00oboo0booooo
gbooocooooooboooooooooboobobooo
goobooooooooboooooooboboobonon
gboooboobooobooooobooooboooo
gobooooOoooooooobooooobboboD
goboooobooooooooboboooobooooo
gooooooobobooooooooooooooa
gooooboooooooboooooooooood
goooooooood
uoooboooooooobobOoooooobobo
gbboodooooooobocoooooobobooo
oooooooooOooboobooooooobooooboOoo
goooboboooooboooobooooooooon
gboooobooooooboooobooooooooooo
gooooooooobooboooboooDbobooDo
goboooobooo
e JOOO
gobooobooooooobooooboooooan
oobooooooooooooooobooooon
gooooboodoooobooobooooooboooo
gboooboooboobooocooooooooboooon
gboooooooboooboooooooooo
ooooooooooooboooooboobooon
gboooooooooooooooooooboo
oooooooooooon
e JODOO
ooooboooooooooooboooooan
gbooooooooobooooooobooon
gboobooocoboooobooocoboboooo
gobOobobooooobocooooo
e JOOO
gooooooooooobooooboooboon
gooooooboooooooboboooboooooo
e JODOO
gooooobooooooboooooooobon
gooooooboobooooboooooo
gooooooboooooooooooobooooo
oboooooooooooooocbooooboo
gboooocoooooooboooboobooon
gooooooooooooooon
e JOOOODOOO
oooooooocooooooooooooon
ooooooooooboooooooooobooon
oooooooo
goooooooooooboobooobobooo



Vol. 43 No. SIG 1(PRO 13)

ooooooooooboooobooobooboooooooo

13

01 000000000000

Table 1 Memory management interface.
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MM_alloc(value* result, int size, int tag)

MM_set_field(value* object, int 7, value oldval, value newval)

MM_get_field(value* result, value* object, int
MM_initialize()

MM_finalize()

MM_root_scan(void (*function)(value*, value*
MM_is_reference(value field)
MM_dereference(value field, value* object, int
MM_alloc_failure()

MM_is_atomic(int tag)

i)

)
9)
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2.22 gooobooooooooooooood #define MM _alloc(result, size, tag) { \
o0o0ooOobOoOobobooobooboooooooo value *curr = free_list; \
JO00d0d0o0oO0oOooboooboooOoobooooooooad int gc = NOT_DONE; \
god0obo0o0oobOOoooooooooooooo while (TRUE) { \
godd0obOO0obOOoO00OoOoOooobOoboooooa while (curr t= NULL) \
oooooDoOoooOoao

if (Cellsize(curr) >= (size)) { \
e MM_root_scan(function) (result)
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e MM_is_atomic(tag)

= curr; \
break; \
} else curr = Next(curr); \
if (curr == NULL) { \
if (gc == DONE) MM_alloc_failure(); \
else { \
garbage_collection () ; \

curr = free_list; \

gc = DONE; \
A
} else break; \

A
}
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Fig.2 An implementation of memory allocation.
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void copy-phase() {
while (scan_ptr < to_ptr) {
for (i = 0; i < Size(scan_ptr); i++) {
field = scan_ptr[il;
if (MM._is_reference (field)
&& Is_from(field)) {
MM _dereference
(field, child_obj, child_i);
if (Is_forwarded (child_obj))
Forward (scan_ptr, i) ;
else
Copy (child_obj) ;
}
}

scan_ptr = Next(scan_ptr) ;

03 000o0ooooooooooooo
Fig.3 An implementation of copying garbage collector.
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#define MM _alloc(result, size, tag) { \
if ((size) <= 256) \
MM_alloc_small(result, size, tag); \
else \
MM _alloc_large (result, size, tag); \

04 MMalloc OOOO
Fig.4 An implementation of MM_alloc.
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Fig.5 An overview of our specialization scheme.
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Table 2 An interface description.

goooOoooooboooog gooo goooogopoooooo opoooo
MM_alloc(result, size, tag) size < 256 MM_alloc_small result : small
MM_alloc(result, size, tag) size > 256 MM_alloc_large result : large

MM_set_field(object, i, newval, oldval)
MM_set_field(object, i, newval, oldval)

object : small
object : large

MM_set_field_small
MM_set_field_large
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Instruct (MAKEBLOCK) {
nt size = *pct++;
mnt tag = *pct+;

MM_alloc(acc, size, tag);

for (i = 0; ¢ < size; i++) {
value val = *sp++;
((value *) acc) [i] = val;
MM_set_field Cacc, i, NULL, wal);

0 6 MAKEBLOCK 0O ODOD
Fig.6 Generated instruction table for the MAKEBLOCK

instruction.
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0 3 MAKEBLOCKOOOOOOOOO
Table 3 Instruction table of MAKEBLOCK.
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MM_alloc MM_set_field
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04 D0O0000O000O0DOO0DOOOOO
Table 4 Interface for sharing types of header information for objects.
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Table 5 Interface to save and restore the virtual machine

state.
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Table 6 Lines of C code required to describe memory
management algorithms.
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Table 7 The number of allocation times and the amount of allocated memory

regions for each benchmark programs.

oooooo ooooo ooooooooooD o
FFT oooooooo 681240267 2064602303
KB Knuth-Bendix 0000 233877974 631965210
Life oooooao 33050477 106681360
Logic oooo 291927857 1105496964
Nucleic gooooooooo 1212741007 3880826288
R-region 000000 1155208749 5249180590
Simple goooooooooo 344575448 1067181406
TSP gooooooooo 194441195 601643144

08 ODO00OOOOOOOOOObDOODOObDOOO
Table 8 Total execution time for each benchmark pro-
grams using different memory management algo-

rithms.

MS Copy GenC DRC
FFT 177.83 150.93 101.41 —
KB 157.81 137.36  142.03 —
Life 57.72 54.25 55.51 64.29
Logic 117.85 86.51 94.50 —
Nucleic 252.28 134.58 108.31 —
R-region | 511.36 521.11  333.75
Simple 110.85 81.79 76.18 —
TSP 121.44  324.35 34.05  241.07
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09 Pentium III000000D00O0O0O0OO0OOODOODOOO
Table 9 Elapsed time on the Pentium III platform (seconds).

ooooo goooo ooooo gooo goooo O’Caml
FFT 10141 (97%) 101.85  (98%) 10421 (100%) 101.72  (98%) 104.26 (100%)  104.31
KB 142.03  (106%) 139.22 (104%) 137.21 (103%) 141.04 (105%) 132.65  (99%)  133.85
Life 55.51  (102%)  55.09 (101%)  54.28  (99%)  55.22 (101%)  53.69  (98%) 54.65
Logic 94.50 (113%)  88.08 (105%)  90.64 (108%)  93.14 (111%)  82.43  (98%) 83.93
Nucleic | 108.31 (107%) 109.39 (108%) 104.35 (103%) 106.52 (105%) 100.13  (99%)  101.50
R-region | 333.75 (110%) 307.86 (102%) 324.85 (107%) 326.91 (108%) 292.31  (96%)  303.28
Simple 76.18  (111%)  71.55 (104%)  74.28 (108%)  74.79 (109%)  67.79  (99%) 68.53
TSP 34.05 (106%)  33.37 (104%)  32.96 (103%)  33.65 (105%) 31.84  (99%) 32.07
0 10 UltraSPARC III 000000000 OOO0ODOOOODDOD
Table 10 Elapsed time on the UltraSPARC III platform (seconds).
ooooo gooooo ooooo oooo goooo O’Caml
FFT 176.83  (104%) 177.72 (105%) 172.61 (102%) 176.72 (104%) 171.43 (101%)  169.57
KB 208.30  (112%) 204.25 (110%) 199.57 (107%) 201.71 (109%) 196.76 (106%)  185.73
Life 90.67 (100%)  90.78 (100%)  90.80 (100%)  88.82  (98%)  90.86  (100%) 90.87
Logic 135.94  (113%) 130.88 (109%) 130.51 (109%) 132.35 (110%) 123.06 (102%)  120.23
Nucleic 229.21 (103%) 229.83 (103%) 220.35 (99%) 227.76 (102%) 217.01 (97%) 223.46
R-region | 487.15  (112%) 470.47 (108%) 463.97 (107%) 477.80 (110%) 441.46 (102%)  434.20
Simple 111.18  (108%) 109.62 (106%) 107.36  (104%) 109.03 (106%) 104.41 (101%)  103.18
TSP 56.39  (107%)  55.73 (106%)  53.99 (103%)  55.95 (107%)  53.05 (101%) 52.48
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