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Dynamic storage management for mobile platform based on the
characteristics of mobile applications

Yong-Duck You' - Sang-Hyun Park™ - Hoon Choi™

ABSTRACT

Performance of the mobile devices greatly depends on the efficient resource management because they are usually resource-restricted.
In particular, the dynamic storage allocation algorithmis very important part of the mobile device's operating system and OS-like software
platfom. The existing dynamic storage allocation algorithms did not consider application’s execution style and the type, life-time, and
characteristics of memory objects that the application uses. Those algorithms, as a result, could not manage memory efficiently. Therefore,
this paper analyzes the mobile application’s execution characteristics and proposes anew dynamic storage allocation algorithm which saves
the memory space and improves mobile application’s execution speed. The test result shows that the proposed algorithm works 65 times
faster than the linked-list algorithm[11], 2.5 times faster better than the Doug. Lea’s algorithm[12] and 105 times faster than the Brent
algorithm[14].

Key Words : Mobile Device, Runtime Library, Dynamic Storage Allocation, Mobile Application Characteristic, Mobile Platform,
WIPI(Wireless Internet Platform for Interoperability), WIP! Emulator
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| M mnpanreninninny B AR hetmen 4 enmess J:J

4 »
: warning C4822: 'function through pointer' : pointer mismatch for actual parameter 3J -
,
i
S Results ), QL Debuggng ST+ | ¢
Ln2,Col25  1* “cul Aty

[ 10] CNU #{=| ol =20l



SEIZZOHM SH2 1Hs 2t FHFQ 4 OI=Zel 271Y 569

A AgA TR Aze Bl
Wmel #e sluEe FHE dRd v
F, QultlE tulelag $HEZ2 IR B4
2E $3EEaRL A4S A2te 4%

s ot oRel 271E 45 sl
2 vsE geriye] Ao Bl R R
2E Y7, drd 4% Jss
A7, A AL T4 o
1L 3713 AEse da= ¢
2 #e7¥)E Tdstsoh Half-Fit =
g7 & =20 NEd B4 HEe E #Y7)
2 TLSF w2l @271y wxe g glof 284
o] O(& FdatAt13], Zutd T2 4
Fe A% Ry 4% JsE ATA F7] el o
=g #71ge va el Aldaict E3 TLSF
W2e #e 7PHE Half-Fit W22 #e7|f3 2& o)f
2 BladidelA Adch. 48E sk A AEgE
dhte) 9oz B orld ¢ dFE 7 mjwe @

£

R )

(U LT A A [ C AR

\J

1

¢

7S A&std $4 WL AYrIHEd dee v
3ttt Doug. Lea Wze #7|¥e o Wye =38

HAolo|A 5344 vlmgtct, AEol &S HAESL &
Z2a%L 8Bytedl M 512Byte Aloje] A7Ig& JIx= H
2y E224 dd(andom)stA &3 2 dAl s (3]
120008, o] FAdA A7 w2zt BHF hFo] 8
A Zh Wz P 10084 Age vEd F o
T A A7E FEAH(2d 11D,

A% A3 Bank 1 W2 FEr|He H2ES 84X
2o A8 £57F Bank 2 WzE B vk
30t), 2= S &E #E7|H vlste] 3944, Brent W)
z2) Byl wdte] 780 wWEE Btk Bank 1
28 #E7ige dEe &9 A3te] ez wan, o
2g EEL AT wx T T2 fP2Ed AR
g 2 omALS dEete] B 2 o dEd 452 A ¥
o2 g dEe] FEsYd vatd & d3 AF
Bl

wo oo

Time(ms) 70 - B '[
60 !
50 {
i
40 l
30 t
20 :
i
10 l
O T@EEa2E | Bem  Bak) @I Bankz FalE
O B3 A8 AZE 315 _ |_ 63 8 . 24

[38 1) SX H=Zd 2Ae7|HES] ds 8l

Bank 2 "2 #E7|¥Le A4 vB2IE HIUERZ
AEststel wel dd Agte] wdEEe HAD giEo
H|ale] Ael £xof gle] 132819 ME Ay £EE R
ok 2y AA Wz st AEsEASE B7Etn oA
3 ARy ¥9g % d2E A Az wi g WEg
kel Wg 2 dERY ¢F g2 ewIsr) Qo 8=
2 A% £%T7} Bank 1 WEd #7Pgdl vsho
30% AEZ2 7239l Brent ¢3#E&e AIHE A4S
GI2ZNE ZA AAPLAE BFsta EF5HE AA 2
N7F gl wa AadEUe wWEe HY Azke]l F
7bsted b2 WEe @rigel dste ve Ay Ase
Bk

53 A 2 o=a| zal7|He =gt e ME 8|1

el #ejd glo] @Y wRe] derHE HEer] B

€ 55 ey ggride 34 HEste Aol 8L
2o A8 & wime P glo] A&AoITHIb] wt
A e #Er|de 23 e Hdw Hla 43e st
o Doug. Lea "l®g] #2)7]43} £ =iolA Adsh= &4

e ey feslEe Aesgor, 23 Be 54
o 2ok

rlo

+ PAE YJ2E) 3o
AA e dF/aAAE At

(2 =% 4188 A8dx,

O zg AA b
Bankol & o|WES}t 2
14 Wzy & @
L2 Bankol® 7}W 2719 AAE $3le] dA= g
2E #|HE =2 2130)8 H LAY 7|Ed €

foET HE5tds A Hlaste] ojWES Z

fo

Z

™,

=
2 AAY AYE 9T vy E g9 ae4e @
NEEESE2
@ x5 B (24 W=z & + AEsd gas grE)
2% AdAM Ha= g2E #A7|y g # =F 43
dolA ARde Awstd vz #EHE HLE
oA 2§ A9 Hlaste AEstE YIAE Yo
£ 452 Helstnn Aok
Time(ms) - — T
™ L 1
15 -
|
10 :
f
S :
° N Z=TA . =B B . =38t C Doué. Lea ‘
OZR 48 AlZH 19 o174 9.4 15.8

(32 12] Hi=2a) 2a|7|gel =gt M2 Ms bln



570 HEME|ER=&Xl A A13-AT M7=(2006.12)

@z% C (34 #Hxg & + A" F3= 2E)

F 709 Bankel Z7f 3 wWizg] & #H7IN(E =
& 424)% AEsd 3= fH2E S AHE
g oA E =FdAM At dY7IHEY &

gl me 45e Fasag a.

A€ Hlusty] figte] o] §F HAES SEZRIRL
3ol 49 3z 2aYY 4y 54 w2 AN
on, 24 A E&zzade AA Aol glof AHgHE
AAEe BH ol B4, s AA9 F7 2

Ay
Sl

o} FEHE AHE /A vl gol nHHJTh &
232 10034 2¥s PEsio g & JF 4 A

g Fag

248 43 =% Be /M =Z7] vz B 1o Bank
2 B/IHE A Wi WA WRYE s A
= PAER @YsteE £ Ad HlEd FAE QA AT
2 W2g GFe g2 ewE=st g $8ZZ T
A £271 10% W2k Doug. Lea TE|71H-2 83,

o

nEHo 2 dP/AAHE AAS AT Bl o] vEs
E S A ot S8EZRIY A S50 FAS
Belch ey 7t A7) WRE 7] glojME A
g ~EE o] &% Best-Fit A& A8-317] W&o 2% A,
Bt Ad £=7t whEA YA @ 17%, 11%)

2% CO 49 Azl MNE 4B FE7 1% B
2% Cy #rkd $4Z2a 548 323 Bank 1 #e
st gas frEe] eWHSF FolE Bank 2 37|
el 2gozA 4 204 Y me 2 £55 By
webd vlEe B EES £% W $§TEoUe
A9 4ol oA verde %A & Atk

Herste o2 M2|7|He| s vl
ATl Actse wize W
(Bank 0: 23 wWxg Z Bank 1: ¥4 WXZg & Bank 2
Yac fd2E)F vu vl Brent #7Y, ¥
3z g2 #d7|d 2 Doug. Lea BE7)EESL A7 2
A AL HAESL $EZZIYL o)Lty Z ming
TR 100U SkEste) A F 47e) 4Ag A
e ZAE
<HE L& AFAA /\}%ﬂ Wi #g HEA "H

A" A Brent #E7|¥# F3aE f2E BYIPELS
o2z @2zl gol vlste] HAESL S$EZTZ P A
@ 28 Azre] AA(B3Ims~78ms), HL 2LAF FHo)
28247 k9] Al zpeol® AA YElH(16ms, 3lms). E
3 29A7 29T FF 2847 Zol® ZA JEhk
t}(4.4ms, 6.1ms). WakA Brent TE7)H¥Y 3= fYAE
#e7ge $4zzagel ddE W Mg WRee ¥

i

G Al AZE AQ7F 3d, @9 LadHE A 94
Holt}, olo] uldtd Doug. Lea #E7IHH ¥ =EAA A
ek MR Y JIEe BE 2847 A7 158ms,
6.2mso| ™, i AQART FHu) L84 749 Az 3o
£ 3ms P|Roloh watA] Doug. Lea &7 A|gkgh w
B2 #8 7Ee Az Ry g9 Al A 2871 3
on, dF 7t A Qo AzE fEdE G
ok 3 A vz #FHE]7IHE Doug. Lea #E|7]H]
of Hlgle] HAES EEZ2 g AP o 2550 wE
W AHA 28A7F H AQA 7 ZolE ImsE ).
upebr] mupd culolxoA o] dEe sy AA Al B
e g4z 2 gl Ay EAS 3HT A, ALHE
NEe s dekdh 4= glon wnlg $E&xz TR g A
EE AL F gtk

F

off
b

(B 3 uiza| B2l 7| e 22 Azt

99 ms
i Hd) ].
sang| zane | ST gz sann
TR (average time)
Azt W (median time)
e | ®
Brent #2]7|9 70 656
16
gas gee | 3 | 6
2274 - 465 404
Doug. Lea ER G 145 158
a7y 3 | '
6 7
Aot 2d ! 6.5 6.2
6.8 &
718 54 vRy FeUIHES $4ZT2aY9 *’33 E
B3 AlgEE AAY gol= el l(life time), AA F
4 ZF BEXE nH3A] FSo2H F&¥oE WE Eli
A £ glon, $Ex2 Y] My £2E A3AIZITh
B =FdMe Told $4xzade dy EA4S B4
st BA3 232 EdE vrEE dodsiy, $84Zea
do] A £ 2 AN E AZE B4 drddrd
S Aok 2 syt J1E 53 vz BE nEIY
SE&Z2aY Ay £ g vud Az AU 54 wE
g #EriHe H2EL $EEZZ2aRs 498 o gax=
g 2E H|Fl 659, Brent Wl®# #E7]Ho| u|3to

105, Doug. Lea W22 #2)7%e] wlato] 2560 uu}e
Ag £52 wylov, de 54 Wre BYse
guch e 49 $58 B

$F ATAE & ATIN e $4 A5 delw
B9 4% $E P4 2 vEe) Wope H3 ATE AL
02 AYF oFolu], obgyl dFeels Bl ohd A
A 2k clute] 2ol FH (porting) @ o o]t



1

SEZZNY EYE Uoidt ZHY EHEQ SH HlRe|l 27y 57

g8

[1] P. R. Wilson, M. S. Johnstone, M. Neely, and D. Boles,
“Dynamic Storage Allocation: A Survey and Critical
Review,” In H.G. Baker, editor, Proceedings of the
International Workshop on  Memory Management

(IWMM'95), Kinross, Scotland, UK, Vol.986 of LNCS,
Springer-Verlag, Berlin, Germany, 1995,

[2] 1. Puaut, “Real-Time Performance of Dynamic Memory
Allocation Algorithms,” 14 the Euromicro Conference on
Real-Time Systems (ECRTS'02), p.41, 2002.

[3] R. Jones and R. Lins, “Garbage Collection: Algorithms for
Automatic Dynamic Memory Management,” John Wiley and
Sons, 1998.

[41 J. M. Chang and E. F. Gehringer, “A high-performance
memory allocator for object-oriented systems, TEEE
Transaction on Computers, Vol.45, No.3, pp.357-366, 1996.

[5] M. Rezaei and K. M. Kavi, “A new implementation technique
for memory management, Proceedings of the IEEE South-
eastcon 2000, pp.332-339, Apr., 2000.

[6] L. Dykstra, W. Srisa—an andJ.M. Chang, “An analysis of the
garbage collection performance in Sun’s HotSpotTM Java
Virtual Machine,”Proceedings of 21st IEEE International on
Performance, Computing, and Communications Conference,
pp.335-339, Apr., 2002.

[7] M. S. Johnstone and P. R. Wilson, “The Memory Fragmen-
tation Problem: Solved?,” In Proceedings of the International
Symposium on Memory Management(ISMM'98), Vancouver,
Canada. ACM Press, 1998,

[8] L. Woo Hyong, JM. Chang and Y. Hasan, “Evaluation of
a high-performance object reuse dynamic memory allocation
policy for C++ programs,” Proceedings of The Fourth Inter-
national Conference/Exhibition on High Performance Com-
puting in the Asia-Pacific Region, Vol.1, pp.386-391, May,
2000.

[9] C. Del Rosso, “Dynamic Memory Management for Software
Product Family Architectures in Embedded Real-Time
Systems,” Proceedings of WICSA, 5th Working IEEE/IFIP
Conference on Software Architecture, pp.211-212, Nov., 2005.

[10] Henry Lieberman and Carl Hewitt, “A Real-Time Garbage
Collector Based on the Lifetimes of Objects,”Communications
of the ACM, Vol.26, No.6, pp.419-429, Jun., 1983.

[11] ACK. Lau, NHC. Yung, Y.S. Cheung, “Performance
analysis of the doubly-linked list protocol family for

distributed shared memory systems,” Proceedings of ICAPP
96, IEEE Second International Conference on Algorithms
and Architectures for Parallel Processing, pp.3656-372, Jun.,
1996.

{12] T. Ogasawara, “An algorithm with constant execution time
for dynamic storage allocation,” 2nd International Workshop
on Real-Time Computing Systems and Applications, pp.21-25,
1995.

[13] http://rtportal upv.es/rtmalloc/allocators/dimalloc/index. shtml,
2006.

{14] M. Masmano, L Ripoll, A. Crespo, J. Real, “’"TLSF: a new
dynamic memory allocator for real-time systems,”
Proceedings of ECRTS, 16th Euromicro Conference on
Real-Time Systems, pp.79-88, Jul., 2004.

[15] R. P. Brent, “Efficient Implementation of the First-Fit
Strategy for Dynamic Storage Allocation,” ACM Trans—
actions on irograrrlming &guages and Systems, Vol.1l,
No.3, Jul., 1989,

[16] R. C. Krapf, G. Spellmeier and L. Carro, “A Study on a
Garbage Collector for Embedded Applications,” Proceedings
of the 15 the Symposium on Integrated Circuits and Systems
Design (SBCCI'02), pp.127-132, 2002.

[17] Javaplayer, Java MP3 Player http://www.javazoom.net/
javalayer/sources.html, 2006.

[18] ICQ Inc., ICQ Litehttp://lite.icq.com, Aug., 2006.

[19] 84, 3y, & & 494, 99 8Z2ad Aeds
AA 2 F&8(Design and Implementation of Development
Environment for WIPI Applications),” 34 B3 283 =
22 A12-CHA A5Z, pp.749-756, 2005. 10.

[20] CNU(Chungnam National University) WIPI Emulator,
http://strauss. cnu.ac.kr/research/wipi/research.html, Feb.,
2006.

[
% 8 &

e-mail | yyd7724@cnu.ac.kr
19994 29 FEdista

.



572 FEHNeEEl=

XA H13-AR HMI72(2006.12)

HF Al &
- (ol —

e-mai : sanghyun@etri rekr

19939 29 Sty HAFe 3
(34

1996 29 Fddizte HAFE 585
(AAh

2003 3%_1~a A %
EEEL R AEE
19968 28 ~2000d 118 FAAsHATL

20009 112~/ 7RG AT 4

HARoL PAAHYEYE, dojelE AFY, AFE 2

Mol

E=
e-mail : hc@cnu.ackr
19833 M ethatn ARAA]|Fe3
(84D
19909 Duke Univ. AAF&ts}
19933 Duke Univ. A4t}
19839 3%~1996u1 24 FTAAEA
T HIATY
1996 39~ @A) Fdoisha z;%a%—w 25
FYRok: RAAHUEAE, gultls LxES o],

.
AFH, BAAz" 5

dejz e



