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Abstract: Android has become one of the most important platforms in the current computer systems.
Android has its original process memory management system, which is called low memory killer. When
amount of free memory is less than a threshold, it selects processes based on its own policy and terminates
them for allocating free memory. This process termination sometime declines user convenience. That is,
re-launching of a process is required for re-using an application if its process has been terminated. Thus,
selecting policy for termination can be considered important. In this paper, we have proposed several select-
ing methods for process termination. One is based on LRU, one is based on application launching time, and
the other is based on memory size. We have implemented these proposed methods and evaluate them with
practical application launching log. Our experimental results have demonstrated that our proposed method
have been able to decrease application launching time.
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Fig. 1 Application process status transition.
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Fig. 2 Application launching procedure of re-forking.
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Fig. 3 Application launching procedure of re-using.
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Fig. 4 Experimental result (scenario A).
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Fig. 5 Experimental result (scenario B).

I
&

o FRE s
u F-LRU-S#IA

= AR
=M AEYXIRU ||
B F-LRUZRIPM 2K ||

9
N

-

e
&

= F-LRU-S-ZEY X LRU

FERE B EF M [sec]

I
N

°

Camera  FileManager ~ Gmail ~ GoogleChromeKIGSOFT Office  Music  OperaBrowser Phone Skype
for Android

6 YFUF AIBTLT T OFERERERH

Fig. 6 Average launching time of applications (scenario A).

5.3 FHEfER (BT 70 XEEFE)

KREIT, BT 70 AREFHEOMWREDOILEZIT) .
YU A BIZBU AR ER 4, B 5, M6, X7
[N 4, 5 OfEENE, Y F I F DK=L T TV r—
¥ a ¥ (Launcher) DAV DET 7)) 7r— 3 3 ¥ OFREEFFRH
DEFTHY, P EELTL LWV S, K6, 7
DHEMIEIET 7)) r— 3 3 v OREFEMOTFHHETSH D,
FARIC AR VIZEENRTWD LW 5.

13



BRUEFRHNGE 21— TNA X & RXFTL Vol.5 No.1 9-19 (Feb. 2015)

s

= F-LRU-s- U

= FERRN-s- .

= F-{RI-S-AEY X LRU
an

&

&

IS

9

 F-LRU-5-2E1) X LRU

°
&

IR M [sec)

°
&

°
&

°

7 TFUF BIIBUTAET T OFHEEH

Fig. 7 Average launching time of applications (scenario B).
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Table 3 Re-forking and re-using times (scenario A).
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Table 4 Re-forking and re-using times (scenario B).
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CENHF LW EDGND.
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WDOFEEED/N S W & AFHEENRE OFRIRORE /M T
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5.4 FHEER (Foa—Z=FXT4xA—%)

KET, "EFEOF 12— 785 2—% (BEEDB
LW adj OFR) ORBOFH %47 . JEEE% 5, 10,
15, 20 LB L, KREFHEOMRELZFMM L2, 72721
ABEDRED L BY, BIERERD adj &7 7V 7 —
Yardadi IWHNEL B LI, BEREBERT 7Y
= a yOFERD adj BEEHRE (BIFEE =15, T
ME=n/2) LELL %2 L) adj TIFEEED. T4
bbb, BIER 5, 10, 15, 20 ® adj FIEE, NEIZ n+3/2,
nx3/4, n/2, nx3/8 & L7,

BEEEB L OTITIED Y F 1) F A BT 5 FliksF %
K8 IRT. MEYWUTOZL2MRTLIENTESL.
9, BRERELZRET L LICE VIREFEOMRRIIEAL
B 05, WTNOMIZHE L TH Android BEHED F- 1k
(44.9[sec]) £ bHREPIBENTBY, REFHEEF2—=
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Fig. 8 Experimental result (log length and total launching

time, scenario A).
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6.1 FENELDOZEIL
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RV AETFENRED HVIIRESISEWIEREZ RTI L %
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FTREISEWHEREZ It T & 5 LRU 2°% < O4121358
LTHY, EERHIRCEHECHHEING T 7)) 7 —
Ta Y OFEDBEHTH 586 7 I REIRFH T3 2 v
HIEIZED LRU FHELD D EHICRWHRERZEHTE
LIEDVDHLENZD.

F-LRU x EERH-SFFHEFER, ¥ F U4 BIZBWT
FHREES DI 2 0b S FEFHRBFM TR E <
HoTwh, 72, FIUFTBICBWIKEETEERRKRE
PR L AR IR VDD 555, LT
FEOARFHEB RS FHINLME L B4 5 A4FHEH)
Bl & oo TWwa, TNIER 7 O L9512 Gallery 7 7
F—Ta Y REGEBEMARLAEZZEPEKRTS 5.
Gallery 7 7)) r— 3 a VITEEFFICA ML — U2 5 H[{E
T =¥ EAAL G ERITV, R=TUF v v T aDIRESR
Sl L) ZOREEEFICKE BSOS L ST ESTRT
&%, 2N LT F-LRU x BT ISR E 0
R OB L ) M7 7)) 7 — a v ORKE R
BRI OISEL EEET 5 L9 REfEE T 5 2 ARSI
7275, Gallery 770 r— 3 a OB »EST & T
RIYICENEEZ 5 D TERIo72. Thbb, 4HEH
WZBEED X T 7)) = a IR B R TS
FAET D H80L, RENMEZEET 2 FEr ALY
LOARIRMICEEL W 005, 2O EnLD,
L DWGAEIZBVWTLRU MENTWE EEZ DI LT
&5,

6.2 BEFEDF1—=7

BHEDFEIZBW T HEME (adj & minfree) OFFEIC X
DEMEEZETH T2 LN TR, BlEFEOF2—=27
L VEBHTELZEIZDVWTERET S,

Ak D & B Y, low memory killer 1322 & X E ) mH D
Gl o/ X7 ) A= ary 7k A EREGHET T
%. minfree |¥ low memory killer 233883 522 & X ) &
ZED, adj \IFEEFFICEHRE T INDL T AL ED L.
LoT, TS %RET L2 LI12LY low memory killer
HHOMRMELZREST L LDTE L. T%bDH, minfree
DIEZRBERLT I LICEY, IYREAZBEAE)ETHEE)
KB EIIEET I ENTE, adj i3T5 LIS
L0, BEFICLDVSCOT ) r—3a el T §
5 ENHRRE R L. XD FERIYIC T T A 2 BREIRE T
LZEWZEYWNy I 7Ty KT T r—=2aryBLUE
NOIZE DIHE SN LEIREERZHD I L2 L5 mhEL
B0, BRI T AT TIT Y RTT) =33 vil% <
DEEEFEGZ T AT I KT T r—vark&
DPLEICEES DL Z L IREE B, 72720, FEMRAYIC
TV r—=varEmiETSALT T r— v a Y ER
M2 70 2 2 OF BB 206 B2 2 B RER D R 5 72
W, TV =3 a YYPEEZIFICE ) RO SN0 S
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MR 2 5 /R IEICD %D 5. [AFIC low memory killer
B ORMIEL T TS L, 77V r—a YOFIRICT
Ot ARG & % VB R DR ZHEINSE 5 2
EDRTELD, 747799 K77 )r—2 3 rOfE
OPH S H IS EL e b, Thbh, 70t ADH
BlE RDIERE T+ T 7T N7 T ) r—2 3 v OF)
fEOPBEEIE N L — KA 70BBRICH Y, WEE (adj &
minfree) OFEEIZL ) INZHIFT LI EHNTES.

=), CTNOLBMEORMEIZL Dt TINGET T
r—3ary7ut AOEESCNEN 2 I T A 2 L IZATEE
THY, AETRELLZTFEDO L HIZLRU % EI2&EI W
THERBAA SN RSV EHG SN T 7)) 77—
Va Y EEERE T RN NS R ol 2 ER T L L
ETE R,

F 72, RETL L MEE O P 2 BRIIE 2w
728, SREHET AR OFREE L RO ITMAI2AT) Z
ETES.

6.3 MEFEDF21—ZTINTAxA—4

WROAE)HA R Fa—= v 7852 —% (BREE
& oadj OTITNR) L ORBMRICET 258 %179 .

JEIEEIE A — ANV D AE) NICFEE SN TB Y, JRIEE 118
IZD&E 1284 MEE T A, Android 25## &N TW A
DL L DMK TIIEREES 1,000 1 (12KB) & LT
bHEZWEFHEIND., LEZBERERIL—FOMHE)
B GET 505, e 2—FTHIUSHHT 27 7
r—3a O 1,000 Kl Th ) BEOIHK TH UL
DRBEREREHAETAZ LR THL LHAIIERS.

adj DT FIRIIBEREZHIE T /37 X =% TH 505,
METRLZL) IS DG ERFORLRE (BIE
WTi S BREPKCHIRGREZ DT VT T 7 —
YarDadi N, Ny IO RTT)r—v3aron
adj EHSELDT) CTHoGBEFHFONLEEZLNS.
F/oadj O TFTIEERAETLZLICXY, NvrrIy s
F7 7V r—=2a OBz R R—LT 7)) r—a R
=270 77 5L 0EC LT S TE2
EDWRETH L. UL, BEORERD (BEEF KD
W) 77075 =2 ar®ad 5, x—AT 7N r—3 3
VR —VCATOT T LD adj (RIFROFITIEE & 5) LD
DNEBMEE D L) ICTIE L, e 21, 2xEYN
WA R L TV A KA TL =R —L T 7)) r—3 3
COMAEBEICLTTA T ) = a Y EMEIRET L
7o WAL EICEMIC R 5.

6.4 ICEIRFEDER

SRR EL7-FHETIE, 770 75— a v oF e
% onCreate () DBAMAKEL]A S onResume () D BAAFEH]
FTELTBY, HEKEMIZ onRestart () D BAUGEEZ 2>
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5 onResume () DHIEIFAZIEFTE L TWA, LAL, 77
)7 —3 3 2I2L 5 7Tld onResume () 25FAME L 7212127 —
Y DFGRARLRN =V DG AARELT) DY, Zh
WCED =PI ELTLE) 22260
. ZOX) YA, EBOL-VFORELRMIE, AT
EFE L7 [ 770 r— a YHBUREIRR ] 2 K& R
bR, REFEICIVESNL - OMREMN
FELREROEBIEHNEOFIIZ S 5IZEEbILDIC A
LHIfECE L. ol 2, Web 70T T r—a v
D LRI IIIEY L, 7o A@mHRTENRTLE -
7RCT T r—3a Y EMHT A L onResume () DA
RICLIHIRE L TV e =V OFHAAADTEEL, T—
FIE oM NsZ e b, Tz, yT7RHOT T
FOLEIRE Y 7 OEHEZAT ) 72 I LLATIEFi A A5
ATH o 72—V OFGAARDA L L= s b
N R

ZO70, RERCTEDIT 7)) r— a v ORI Tz
{, onResume() DBIMEAIZFEET HMILICE T HHFM B
EEL-FErEHTAZ L TV OHFBEHOES L%
LR AR AZ ENTELEFHEND.

7. BAEMRE

Android 7 7)) 7 — 3 a v OB O F LIS
BIfFE L LT, STk [3), [4) OB H 5. ZhbHIZB W
T, =W LDBRZ )= DF v F NPT T)r—=3 43
VEEOET E TORMOFH LRI TS, £
72, EBOT ) r— g REEE ORI ER R L Z e
IRENTWA, R 2B OME 1L L #%5E T
REINTVDLFLEICEDEITONA TS,

Linux # = A )VDOE=ZF Y 7Yy —1EeL T
&, FTrace[5], [6], SystemTap|7], [8], LTTng[9], [10],
OProfile [11] 2% %. Z# 5 id Linux AIICHEE S LT 5.
L2 L, Linx E#EO7 7)) r—Yar7uor A0k d
HRFE%E L Android D7 7)) r—3 3 v 7 at ADEEHE
MRFEEIIRNE R L7720, Thb Y —)bid Android @
TRRTIZIEE S vy, BARIICIIAR R TLEE 25T 7Y
r—3ary7lb—247—2% Dalvik VM DEIEDEAT 7S
T&hw, e ziE, 77V r—varyI7L—aT7—U0HN
B AT T ) r—va 74 7%427) (onCreate(),
onRestart (), onStart(), onResume()) DX % IS
LIENTEY, 77)r—v a3 VEBEMORAEZ TS
ZEDNTELR N,

Ty = a VREEEMOEMICET AFEE LT
I, Zygote @ preload 7 T A DN X B HSH [ 0 FiH
DIFFE [12] Hido B . MFEWFTEIL, Zygote |2 & B Fidrihd
By FIADBEMEMETLZEIZE VT ) r—var
EEIFICBITAA N L=V N6 0D 7 T Al de & Rp
S, BEEBFMOEMEZERLTWE. LarL, miiligT
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ENZ2T TN = a v ORI O %% 2 5 4%
FROTHEE, B TSA7 7)) 75— 3 v Otz %
ZABRROTHEIZT 70 —FHREL BLR-T0D, T
TP M 72 BAFRIC 7 <, MR Z FEICH W TW L
CTEPIFFLWEEZOND.

8. BBHWIC

AR T4 1 low memory killer (2817 5 i@#li% 7 7' 0
T ADOBREFHIZEDL, LRUIWKEZEEFELT 7
F—varoREEHEEELCBETFEEERREL
2. FLTCINSOFEOFHIFEREZRL, REFEIE
WHFREINS 7 I r—v g VREEIRMZEHTES 2 &
L7z, F72, £ OFNIBWT LRU Fp @20
fEEiftc&a s L 2R L7,

41213, onResume() DFHIGTRICIEAS 2 MPLIZHE T 5
B S ZE LB ETF IOV TEE L TV TFETH A,

HE AW X JSPS BHOFE 24300034, 25280022,
26730040 DK E T2 DTH 5.
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A.1 LRU

LRU (Least Recently Used) (¥ v v ¥ 27 &IV S
NBEBEHANFREOT NV T) AL THE, HBEIIBHEN
TOHOEPROEVWT -y 2 EHRNRE TS5, B A1
Dl HNCTEDOEELHMT 5. RINTIE, EOT—

FIFERBICBHENTH S E L, %A MRU
(Most Recently Used) DIKEETH 1), i /c4 LRU (Least
Recently Used) DIRFETH B, t =0 THF v v ¥ 2 NI
A, B, C, DOT—IDRFEINTBY, mEIZBHS I
TH5DOBEMAEWIEIZA, B, C, DThb LT 5.

COBRT I EILT 7RAD TbNAE, Tv v ol
DT =R 1TEHERESNT—F EDF v v 2 2 NITHEMN
ENBED, RBIISBEENTHLOBMIRIEVWT—%
ADPHETLRELRD, Fx v alOTFT—%dt=10Ik
R DD, Toolzh t=012) Tr7RRAENT—%
Eld, WEICT Z7EAENTH SO R BHNZD
FrovvaWORAETO Y ZI2EMENL. ZRUID
7—% (B, C, D) 34HT7T 7RSI TWARWED, &
o (B, C, D) OFTONEN 272 k) o710 v

WM ENG, FHRELTt=1DX91ZB, C, D, E
DIEE 7 %

[FkRIZ t_1®& — Y FIT 7 RAENDE, F—
7B#m$én,T—yFﬁwﬁTUV7K%MéﬂA
M, t=20X912C, D, E, FOJHICZR 5.

RIZCF=FDICT7EAENLE, 7—% D PRFEIC

T RASNTOSORMAPREL %5720, 77— DA

LRU MRU

t=0 A B C D
EIZ7o+2R 1

t=1 B c D E
FIZ7 o+ 1

t=2 C D E F
DL??txl

t=3 C E F D
GL.')”?-’QRI

t=4 E F D G
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Fig. A1 LRU.
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WA7ay 7K En, ZhPA (C, E, F) 3HIE
MoV 7Tay ZITEMEN, t=3DL)
I2C, E, F, DOJEE %%

RIZF—% G, =7 HIZT7EAENBE, KEIC
ZBENTHLSOHFPEVT—% O, ¥—% E s
N, t=4, t=>5DIREILERT S,

A.2 low memory killer £

AR TH V272 low memory killer D FE2E DR & i %
ALY

DIF X, lowmemorykiller.c M@ lowmem_shrink [§
BokkhTdhs. iFsHLBIN TV LITHE
lowmemorykiller.c 226D IHTH Y, 7THK T2 7%
TI3F A DB L 72fF3iTdH A. low memory killer 2% adj
HREVWTOL %, adj FE L THIVIHH A ) 8
KREWTO L X2 @ifil##E THRICLTWEZ L LERT
5.

82 static int lowmem_shrink(struct shrinker *s, struct
shrink_control *sc)
83 {

90 int selected tasksize = 0;

135 for_each_process(p) {
/] A BTOTrE R EWES =T

141 mm = p->mm;

142 sig = p->signal;
147 oom_adj = sig->oom_adj;
152 tasksize = get_mm_rss (mm) ;

/] SEOBBERROT B 2D
/) HHAEY BEEH tasksize T,
//  adj & ZEHoom adj ITHEMTD.

156 if (selected) {

157 if (oom_adj < selected oom_adj)
158 continue;

// A AEORAERR T 0 AD adj N
/) BRFEALRTBEA D adi LVAENRD,
/) AROFEERSGT vt 235 s

159 if (oom_adj == selected oom_adj &&
160 tasksize <= selected tasksize)
161 continue;

/) A AEOREMET 0L AD adj B
/) OBRERTOER O ad] LHELL o
/) AEOFEENG T v 2O AT ) &
/) BERFEHRTnEAOMEM AT BT,
// AEIORERNG T 7 254

162 }
// TABIORENRTatA O adj B
/) BRFELTOEAD adj FV/INEN] HDHWIE,
/7 Tady BWHELNL o AT BREV) HBEDH,
// BRE LT vk A T

163 selected = p;

164 selected tasksize = tasksize;

165 selected oom_adj = oom_adj;

168 }

169 if (selected) {

175 forceiéig(SIGKILL, selected) ;
/) BPGESHT v R BT

177 } ’

182 }
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