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Memory Usage Improvement Using Runtime Alias Detection

MAsAsHI YONEDA,! TOMOHARU UGAWA,* RYO HANATL,
MASAHIRO YASUGIH and TAIICHT YUASA'

A technique for memory management based on region inference, which statically estimates
the life-time of objects, was proposed by Tofte, et al. With this technique, objects are created
in one of the memory blocks, called regions. Each region is deallocated when the control
flow exits its corresponding scope and all objects in the region are deallocated at that time.
This means that systems cannot deallocate regions while function calls are repeated without
returning. This often happens in the case of recursive function calls. Tofte implemented a
system which creates a new object by overwriting existing objects in a region if the region
has no object that might be accessed in the rest of the computation. However, there are not
a few points of object creation at which his static analysis cannot find it possible to over-
write. This is because functions may receive regions as region variables and there may be
aliases of region variables. In this paper, we propose a technique to improve memory usage
by checking the existence of problematic aliases at runtime. Our technique can determine
exactly whether it is possible to overwrite in many points of object creation where Tofte’s
analysis fails. As a result, we expect more programs to run with a relatively small amount of
memory in region-based systems.
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attop 00000000 letrecd
Fig. 1 A case of converting to attop (letrec).

02 sat 00000D000O0Lletrecd
Fig.2 A case of converting to sat (letrec).
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Fig.3 Code for object allocation.

mov [po], reg:
btl $1, reg;
jnc L2
foreach p in C{
mov [p], regs
cmpl reg;, regs
je L1
}
jmp L2
L1: btrl $1, reg;
L2 : push reg;

04 O000ODOOCOOOOODOOOODOO
Fig.4 Code for region parameter passing.



44 goooooooooooooooo

00000000 10000000000000000
O000000D0000000 atbot 0O0DODOOO
00 10000000sat 000000000000
000000000000000000000000
03004000000000000000000
0000000 attop 000000000 0D0OOO
000000000000000000000000
000000000000000000 300000
000000000000000000000000
000000000000000000000000
0000000000004 00000000000
0000000000 0000000000000
00000000O0000000000000000
000000000000000000000
D00000ODOatif 000000000O000OD
MLKit 00OO0O0DO0OO0OD0DO0O0O0D0O0O000D0O00
0oooooooo®¥gooo0ooooooon
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000 0000000000000
oooo
4.5 0O00OO0O0ODOO
00000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000
OO0 fO00000
(1) 000000000 pO0O0O00OOOOOp
0000000000 0/ 000000000
0O0O00000000000000
(2) pO p 00000O0DO0OOOOOOOOO
0000000000
000000000000000000000000
00000000000000000Oattep 000
000000000000000000000000
000000000000000000000000
0000 atbot 00O0O0DOODOOOOOOOOO
0000000 (1)000000fun £ xy = (x,
y) 000000000D0000000000000
000000000000000000000000
0000000 x, y) 0000000 x0 yOOO
000000000000000000000000
00000 (2)0000000000000000

July 2006

ooo
e fOO0DDUDUDDOOUDUCDDODOODOOO
go0ooooOooooooooooooobooo
gob0oooO0oO0Oooooooooobooooo
gobooOooOoOoOooooooooooooon
Jo0o00OMLKitODOOOOODODODODOoOoDoOooo
J000oooo00ooooooooooooo
goooooooo
e fO00DOODO p0O pOODOODOODO
000000000 0if e then x else £ xU
goo0Oo0oo0Oo0Obdx0O £x0000O
gobooCoooOoOooobooooooooboobo
00000000000 p0O pO000DO0O
goo0ooooooooOoboooogogoo £0
00000 p0O p0000000O0O0O0DOOO
0000000 f000 p0 0000000
000oo0ooOoooooooooooog
e fO2000000000ODODUIOOIDODODO
p00000000000000D0ODOO p 00
gooOooooogo (£ £ x)) 0 (flp, p2l
(£ [p2, p3] x)) 00000000 OOOOO
go0oboooOoOoooooooboooooooobo
0000f000 p0O pO00000O00DOO
goooO0ooOoOoooooooooo
gooooooboooooodD foO0OOoOO
000 fO0000O00DOOOOODOOO fODOO
J00000000oooooooooooooog
goooogoooooooooog fooOooo
gobooooooooooboooboooooobooDobooo
goooobooOobooooboooooo
ooboooobDobDOooooboobooboooo
MLKit 0OOO0OCOODOO unboxingODOOODOO
go0oooOooOooDoopoOoboooooooooo
go0ooOo0oooooopoobooogooobooo
000o0o0o0oooooooooooOoooooog
gooooooooooo
0000000000000 000 compound in-
terestU 0 50000000000000O00O0OOOOO
gooooooooboiobooob o0bboooo
0000O0O0O0O000000oO0DOCOOpower O
goo0ooopooOooobooooooooogoooo
OO00DbO00O0Db0O00DOpower DOODOO acc +
o.o000000DODODOOOOODODODODOOO acc
JO00O0oO0o0oQo0ODoOC o.o0DCOCOOOOOOace *
r 000000000000 power JOOODODOO
0000ooo0ooooooooooooooog



Vol. 47 No. SIG 11(PRO 30)

fun power 0 acc r = acc + 0.0
| power n acc r = power (n - 1) (acc * r) r

val =

let fun loop i =
let val r = (1.0 + 0.0000001 * (real i))
val x = power 10 1.0 r
in
if x > 10.0 then (r, x)
else loop (i + 1)
end
in
let val (r, x) = loop O
in
print ((Real.toString r) ~ " ~ 10 = " ~
(Real.toString x) ~ " > 10\n")
end
end
05 DO00O0D0OO0ODOODOOO
Fig.5 An example program where memory usage is
significantly improved.

ocboooooooeOOO0O0O0OOMLKItOOOO
00000 unboxingOODODOODOOOpower OO0
cooooooooobOOooooooooboOoooo
OO0OO0accO0O00O0O0DOOOOOOOCDOODODODOO
ooo0o0o0oooooOoOoooooooooboonoooo
oooooo

OO0 loop O power OO OOOOOOOODOOO
0000000000000 D00Opower 00000
Oleop 000000 OOOOOOODOOOOOOO
00000 power DO0OO0O0OOO0ODOODOOOOO
O0O0OD0OO0OD0OO0O0 power 0000 atif 000000
power 000000 OOOOCOOOOOO

5. 0 O

400000000 MLKit'*Y 0oooooooo
000000000 0OO0ODODODOO0ODOMLKIt
000000000000 dangled Knuth-BendixO
FFTO Mandelbrot 0 4.5 000000000 com-
pound interest0 0 50 0000000000000
00ooooooooooooon

OS: Debian Linux (sarge)

Kernel: 2.4.27

CPU: Pentium 4 3.0 GHz

Memory: 512 MB

MLKit: 4.1.4
gdobooooooOooooooboooooooo

Y Advanced Topics in Types and Programming Lan-
guages 11 0 p.12000000000000000OOO00O0

gooooooooooooooooooboboooooooo 45

goboobooOoOoOo0oOoOoooooOoobpoboooo
go0oOOoOoOo0oOooooooooooooobooo
JO00000 1 000000Mandelbrot 0000
J00ooooooopooooDoOOoCOO0Oddatit
00000000000 0D0O0Oddangled Knuth-
BendixOFFTOOOOOOOODOOOOOOOOO
000oooooo0o0O000000000compound
interest 10000000000 DOOOOOOOOO
gooooooooooboOoOoboobbObOOboOoOoon
440000000000000DOOCOOOOOOO
gobooOooo0oOoOoOoDooboOoOouoooboobooo
O000O0OKnuth-BendixOOOOOOODODODOO
go0ooooOooOOoO0OoOoooocogoooboooo
0200000000000D0000
gdoooOo1000000ooboboooboooDogoo
Jo00ooo0oooOooDOooooooooDoooo
0000006 0D000OMLKitOODOOODDO
malloc 000000 O0OO0D0OOOOOOODOCOOOO
000o0Y00000000000000000000
goooooOoo0oooooooOoooooDbooo
gobOooO0o0ooOoDbDoOoOoobobOoOoUooDbooo
gooboOoOoooooboooooobpbooboobo
j0oooooooooooooooogogooooo
go0ooOooO0odoooooooooooooooo
Jgo00oo00oooooooooooooooooboo
00000000000 000 1,016Byted 000
0600000atif 000000000 Mandel-
brot 0O0O00OD0OOO0OOOOOOODODOOOO
goooooooooooobooobbooooboo
dangle 0 compound interest 000000000
go0oOoOo0ooooooooooOoooooboooo
g0ooooooooooooooooooboooo
0000 compound interest 0 0000000000
000 41,111000000000D0O000 12000
000000000ooooooooooooooo
00000o0o000oooooooooooooog
00000000O00000oooooooooooo
goboooooooooobooooooooobooo
gobooooOoooooooobooooooooo
00000 0Ocompound interest 0 00000000
0000000000000 OOmalloc 0OOOO
go0ooOoOo0oOooOopboOooOoOooouoooobooo
gooooooooooooo
Knuth-Bendix O FFTOOOOOOOOOOOO
J00o00o0000oooooooooooooog
J000oo00o0o0ooooooooooooooog



46 goooooooooooooooo July 2006
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Table 1 Number of region comparisons and resettings.

number of number of resettings in number of resettings | increased number of

comparing regions | conventional method, C in our method, O resettings

(100(0-C)/C%)

dangle 3,000 3,006 6,006 3,000 (99.8%)
Knuth-Bendix 33,134 2,916,741 2,920,233 3,492 (1.2%)
FFT 1,245,184 262,147 655,362 393,215 (150%)
Mandelbrot 0 6 6 0 (0%)
compound interest 0 2,589,256 5,178,512 2,589,256 (100%)
OR—SBAM
XL u R{THM
1.2
1
0.8 —
0.6 —
04 —
0.2 —
0 1 1
dangle Knuth- FFT Mandel- compound
Bendix brot interest

06 O0OO0OOOODOODOODO
Fig.6 Max number of allocated pages and elapsed time.
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