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Design and Implementation of a MetaService for Improving
Object Transfer among Applications on Android Platform

Hwayeong Choe’ - Sangwon Park™

ABSTRACT

Recently, smart phones based on Android platform have been widely used, and lots of applications have been developed. Data generated
from an application are frequently transferred to other applications. Therefore, a method that can easily transfer or share meta-data among
applications is required. Generally meta—data created by android applications are java objects. The android platform uses clipboard, intent
and content provider in order to transfer data among the applications. However, those ways are designed to transfer data as a record. So
these methods have to marshall the object to a record and unmarshall the record to an object. In this paper, we designed and implemented
the MetaService which can transfer any type of object made by applications. When the MetaService is used, we can reduce complex
implementations such as clipboards and content providers and we can reduce many bugs. Therefore, we can make the applications simple
and increase productivity.

Keywords : Android, Clipboard, Object Transfer, Application, Mobile Platform
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/" Copy EditCopy text to the ClipBoard

1: private void copyToClipBoard() {

2: ClipboardManager clipMan = (ClipboardManager)
getSystemService(Context. CLIPBOARD_SERVICE);

3 clipMan.setText(string);

40}

/" Paste ClipBoard Text to EditPaste
private void pasteFromClipBoard() {
ClipboardManager clipMan = (ClipboardManager)
getSystemService(Context. CLIPBOARD_SERVICE);
String str = clipMan.getText();

-~

(3% 1) A==20|=o| SEE ALZ(API Level 1)
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1: ClipboardManager clipboard =
(ClipboardManager)getSystemService(Context. CLIPBOARD
_SERVICE);

2: ContentResolver cr = getContentResolver();

// Set ClipData Info

. ClipData clip = clipboard.getPrimaryClip();
: ClipData.Item item = clip.getltemAt(©);
Uri uri = item.getUri();

AN

6: ArrayList<Rect> arr = new ArrayList<Rect>();

7: if (Data.CONTENT_ITEM_TYPE .equals(cr.getType(uri))) {
8 Cursor ¢ = cr.query(uri, PROJECTION, null, null, null);
9:  while(c.moveToNext()) {

10: if (c.moveToFirst()) {

11: x1 = c.getString(1);
12: vyl = c.getString(2);
13: X2 = c.getString(3);
14: v2 = c.getString(4);
15: arr.add(new Rect(x1, y1, x2, y2);
16: }
17 )
18}
(3% 2) t=20|=E9| ZRIEE ARZ (APl Level 11)
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1: MSManager msmgr =
MSManager.getMSManager (context);

20 int w = 20; int y = 26;
: Rect rectl = new Rect(6, ©, w, y);
4: Rect rect2 = new Rect(O©, 6, w/2, y/2);

w

5: List<Rect> items = new ArrayList<Rect>();
6: items.add(rectl);
7: items.add(rect2)

8: msmgr.setObject(items);

(33 3) HIEFMHIAE 0|S5H0] A E HEtMHE M
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1: MSManager msmgr =
MSManager.getMSManager(context);

2. ArrayList<Rect> arr;

3 arr = (ArrayList<Rect>)msmgr.getObject();
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SystemServer.java 39S F7gdloF $tt}. SystemServer.java
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ServiceManager.addService("metaservice”,
new MetaService(context));

9o] IEE SystemServerjava I F7}s T ot=
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IBinder b;

b = ServiceManager.getService("metaservice”);
IMetaService ms = IMetaService.Stub.asInterface(b);
ms.set Text("test”);
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MSManager msmgr = MSManager.getMSManager(context);
Object object = new Object();
msmgr.setObject(object);
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1: setObject(Object obj)
. if obj instance of Persistent then
3 ByteArrayOutputStream baos =
new ByteArrayOutputStream()
4: DataOutputStream out = new DataOutputStream(dos)

[\

5 out.write(PERSISTENT _SIGNITURE)
6.  out.write(obj.getClass().getName())

T Persistent p = (persistent)obj
8 p.write(out)
9: MetaServer?] setByteArray(baos.toByteArray()) &3

10: else obj instance of Serializable then
11:  ByteArrayOutputStream baos =
new ByteArrayOutputStream()
12 ObjectOutputStream out =
new ObjectOutputStream(baos)

13:  out.write(SERIALIZABLE_SIGNITURE)
14:  out.writeObject(obj)

15:  MetaServer?] setByteArray(baos.toByteArray()) &3
16: end if
17: end setObject

(272|Z& 1) MetaService2| setObject(): object marshalling

s FEsoF A AA e v depdy A4S v
AR 2o gEo e AAe] dES wis- ds)

s,

52 HEtMH[AS| HH NME 2DE|H

(2" Dol He ulel 2ol MSManagerE NAE
MetaServerZ 4 (Push) gttt ol AAE HF3t7] sl
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Persistent®} Serializable
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Persistent EF 9] A= AMEA7L Serializable 7)) 7}
obd AAE ALyl g ESJLR  wEAH| 2 A=
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Persistent A& WHE7] ¥8)A < Persistent S E1 o] 2E
TEste] AMEE 4 rth Persistent ¢QE]#Ho]~E H]o]
2EYAZE 93 read9} write WA E=E Xﬂ%??}ﬁ}.

OLilﬂz D= (a8 DA ARE Anpakg = A
o ol duEFolt). getObjectE ZTE3IY] 35+ 3}

|

<<interface>>
Persistent

Persistent_SIGNATURE

read
write

yAN

PersisObject

objectName
oid

get0id
read
write

(12! 8) Persistent Interface
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. getObject()

: MetaServer ms;

. byte[] byte = ms.getByteArray()

. objectType < byte?] ¢Fe] SIGNITURER %

S DN

[91]

. if objectType is Persistent then
ByteArraylnputStream bais =

new ByteArrayInputStream(byte)

7 DatalnputStream in = new DatalnputStream(bais)
8 String className = in.read()

9: Class ¢ = Class.forName(className)

10:  Object obj = c.newlnstance()

11:  Persistent p = (Persistent)obj

120 pread(in)

13t return P

S

14: else objectType is Serializable then

15:  ByteArrayInputStream bais = new
ByteArrayInputStream(byte)

16:  ObjectInputStream in = new ObjectInputStream(bais)
17:  Object obj = in.readObject()

18 return Object

19: end if

20: end getObject

(L12|Z 2) MetaService2| getObject(): object unmarshalling



CH==20|= SSS0IM OHZEIAIOIE ZF 24Nl HEE JHstZ| 218 HIERMPIAS] A7 X 78 411

vlo]|E ~EY o2 Wl whaky g AA HEH &
E"S  MetaServer2  AFstt, 8|3 getObject™
MetaServer2 -2 MAE Aup¥dste A4S AH ofE
gAold oz AGdt} MetaServers= A S Persistent 3f
A 7HA A 7] ol e EFeAlel o] AAE HEeta |
FAY AR E AAE AFAA g EAEA o
fZg| Aol AAE AFE 4 AU

it

53 O|EtME| A0 HSsts API

e R e tEROE FUEAA AlFds AIDLS
AHgete] RS wEbA dfEEl Aol A A H]
AR flell A= mERA H] 20l A Al sk QlE o] &~
Fstar glojof gt} wlEkqH| 9] MSManagers= 7H
H27F A dgetr] A A ¢ e AEE A

o,

e T

o

App#l App#2
setObject() getObject()

App#3

MSManager

(2 9) Hebqu| 2ol A AlFatE API

getObject()

(2% 9)= HEAH 2ol A efEe] Al F AAE
g o Agste WAEE e Folth WERAH|
MSManager\_ wEpA ] 2~ 0f o FE]Alo] el A EEE o
NEE JdZAANAFE #H F2olw Meta- Server9}o)
A4 & %%0}% aﬂﬂ’\o]t‘r. MR o EA o)A A
AE WER2E o] &3l AFetn A4S o MSManagers
xEsfor stk AAES x%o-O}? el Q7] A
MetaServeret i@ ofZ] Aol d & ?i@é}—t‘ Aol da
sith o] uwl getMSManager WA E=E &3t g1
MetaServerslte] 1Zdo] A=W (:L%‘ 9l A HE uHiet
2ol Adatn 2 A= setObject WME=E ALEStx
MAZS Ad 97] 98 getObject HINEZE o] &3t} lﬂ
i hasObjectlA =& AlFdte] HA HE F&

o MetaServeroll Z4A o A% FH& AALE +
R2olt FYHHEEA 2EH EY dHolHE A 7/4\

TUsA st 19 fFAMS FEHZ AAE Zd%ﬁ}—t—

S FEY F Utk d=Ro|=dA AFdE 7IEY
AR FEE 7R o] 2kekek ARgo] 715 E
ElYg 9] dolgiEnt ofel A EHA AFT

l> 2L

_Lmsl

I R oW o
e
i
J,e

2 |y

=
o}

<E D> WERAR| 29 7)E] HHE ZE2ulolt % &
Hreeo A4 dg WS uug Zolth TelA B vl
o} o] FAWE ZZulolre} FHREE HolEHE HIE=
e AF3lr] wite] o5 AA=R Wash= el e
=3

CE 1) oy M 7|9 H|
e glo H?%J A ﬁ.‘iﬂ}}ﬂ‘;ﬁ%
FHEE RS A gt
ARE ZZujo|d A= A ]k
v EpA H] 2 A A9

6. MEIMH| 22| TI}

6.1 HIEFMH|AL] AL Of
5240l A WAG APIE AR&sto] wlepAu] o] FAS
7] e oA TzaHWe s

| MetaCalendar
2011.04.14 16:30
Project meeting

2011.04.17 19:00
Dinner appointment

s
0102687%++
[ ]

2011.04.20 19:00

< Test system performance >
*Location

System Laboratory

Description
2011.04.23 12:20 Checklist

Meta service design 1.Web Log
2.Database benchmark
2011.05.05 09:00

Children's day m

011.04.20 19:00
Test system performance

2011.04.19 17:00

2011.04.19 09:00
Hy's birthday

(23 10) GEtME|AE oS8t Of

nIItI
E
§
o
2]
of

Figure Sender Figure Receiver




412 d2Melgtzl=2X1 D M18-DE HM5=(2011. 10)

(2" 1003 (28 1D AA(Object) & AEst= oAl
Z2aolrh (1Y 1002 t=Rol=o AT 1
& 7HH 9N HoFes A-Y o EF Al el et o
ol tig ARE SMS ofEF Aol R Huats 3tHol
o 32404 BAd wERH 28 &g oA mA=E 7
o2 zpgst R ot (19 1009 F N ofEFE Al
AL AAE ALsr) A8 WEI S o] &3t AdY
fEE Aol F2EA wAIAR dat= AES At
A AS ) dste 9 BelEE Y5 setObject ™
N7t 2250 vERu 29 MetaServerz AA S A4
gt AR 9 ARE 7a e F2E AFelrh (1
g 1009 $-=9 SMS ofZz]7Alo] Aol A& MetaServerel A

=
97 9| AAE AgwET o AAE AATA A
& AAE A% we AolH getObject MAEE ALgHTE

(18 1D NZ Al Mol A4 17 AAE 2
fE Aol oz HEU|AE ALEste] AEste oA o]
o (2" 10)9] oAl Z2a83 vk 2 set-Object ™
M9} getObject WM EE AL&3te] AAE AEecl 49
A Z2aAAY Yt AAE WEH| 24 A=
setObject, getObject?} Z2 APIZ AF&3le] Agdd = gl
oh N7 AAE AEs] Y8 w2 AAE wpakyY s
3 Anpaky sl RES FHIA otk 7] wiEe] Rtk
A AAE Afse FES FIE S Qluh ol9p 2o
HEpA ] 20] AR o2 o Ze|A o] oA wAEE AAE
AEst7] s Aggs AdsA & § Ak =3 o=
old 7he] A& = o] 7] wiEol thekdt

= 4
AAE Ay of &

62 tlEtMu| Ao 5 It

Hebu ol A AAE AFsAY e W] ARk &
Aateh. Al (27 1DelA Hel 27 AAE T2
2 AAdstel dgatgith. o Ak < 2>9F 2
A2 Galaxy SzellA ddstglen, 74 A4 vt 5
A RHESlY P FekTh <3 2>olA 100719 1|
Al A7E Bt 2773 vie|EQth AEshed A&
a9 AA sl A7) A oR 16 ol Bl A4
oigk Mer RS 71Esy] flste]l =5 A4 A7|R
Adse= dolHe Ar7h S748 s & 5 Ak o
g mepdn 22 AEster 9ms7t 2 8FH A 28

ot

o2

o] A

=2 r e X

V)

it
Ry
N
XN
-4
ol
201:
]
29
ol
ol
N
E=)
M
=2
g
N
il
fd
=
ot
&
oX,
o
I
i
ol
ol

2o Ay o o Ho R ot = po X rlo
s u

> o (0

w.‘ulﬂl

>

)

ARk 37

ot

)
o

I
AlZFE 46ms Tt
WA Rk E

ro
iy
. ol
[t
Iy
-0,

55 FYAE dEgAle]

SN o

A
el

ol A=

Y 7] wtol v

:‘,:
oA i wpel o] wEpMu| LM AAE FAle

svbe FoA BT A AzES ey
Fgote] PANNE FEeEY BHE F A7)
ARFolth A1g4 AMzES dedolHE B

14 7he] Q8% AR A5 A WAUZ] Ba

52
[t
fil
o
[t
T,
(Mo
ol
=2
X
2
ol
ol
ol
rir
=
o
o

o
do
201:
)
2
i
o
=
e
o,
QL
=
re
o
=
>
o o
ol
rir
o

(E 2) T2 HHE M&0l| A= AlZH&SH 2
aa e | HerE 271 Rl AHE Z2ufold]
(bytes) 2 A7HE) G2 A7HE) FANTHE) AN THE)
10 544 0.008 0.008 0.624 0.010
100 2,773 0.029 0.046 6.344 0.023
1,000 25,001 0.128 0.244 69.708 0.037




t=20l= SHS0IAM HSEIAO]

CmEbA o] e EEAlo] oA BAstE AAE &4
= "AYFo] st

i T Ade e 2tk A, oo
F T Ad=Role FAZNA ofEHE A o]
S E&AoR AYsy] A vEgAu~E
Ak =4, WERA 29 MetaServerol A
Agst7] wiel AEe Aol M=
n#sA @ s A AAE AFsie
T AEE Atk AA, WEAHEE AMEF
=5 Yol Awpaka] sl FEed dis) +d
& AAs] Hop &4 ofZgAld A
T AEE ek A, dEtAu 24 Al F ek API
ThsAol Ee WAER FAstY B &4A Fdo

{0

= 0

ofy
o
ol

}

o ™M
O

o

|

=

ne,
.
i

S
N

2
o
-

4o

ol
ofr
ol

o
2,
o,

oo R
1)
I,
El
=
2

B
o ox

o rlr U afo

(
=

N A A i1
~ ot o

A=
b
il
=]
=
>

ol
—_-

o (2 X
L)
fitl
o o
i

osh e Mepqul AT fEAClH el AR HelE
% WAUFCR BEFY & B AAA A H
AAE e dEeAedor 44 dgd 4 A ol
@ 715e ol gsH drzels EYFEAA AME A

7 A% EFE QEol AR FEF 5 U3, o /%52 o

% g A5 COMAY & ABeA0HolA wE
dolE & v oS Acl el #8463 + U B Aoz
o) gt

#m2s

[1] M. Raento, A Oulasvita, R. Petit, H. Toivonen, “ContextPhone:
A Prototyping Platform for Context-Aware Mobile
Applications”, IEEE Pervasive Computing, Vol4, No.2,
pp.51-59, 2005.

[2] J. H. Hong, S. I Yang, S. B Cho, “A Context-aware Messenger
for Sharing User Contextual Information”, Journal of KIISE
: Computing Practices and Letters, Vol.14, No.9, pp.906-910,
Aug., 2007(in Korean).

[3] A. Krause, et al, “Context-Aware Mobile Computing:
Learning Context-Dependent Personal Preferences from a
Wearable Sensor Array”, IEEE Transactions on Mobile
Computing, Vol.5, No.2, Feb., 2006.

[4] A. KEN, G. JAMES, H DAVID, Java Programming Language
Forth Edition “javarmi-Remote Method Invocation”,
Addison-Wesley, 2008.

[5] C. Nester, M. Philippsen, B. Haumacher, “A more efficient RMI
for Java”, In Proceedings of the ACM Java Grande
Conference, pp.152-159, 1999.

[6] “Common Object Request Broker Architecture (CORBA)
Specification, OMG, Ver.3.1, Jan., 2008.

[7] Box D., “Essential COM”, Addison-Wesley Professional, 1997.

[8] ClipboardManager, Android Developers: http://developer.
android.com/reference/android/content/ClipboardManager.

o ZE AN JEE MG RIS HIEFME[ A9 EA H 73 413

html

[9] Sayed Hashimi, Satya Komatineni, Pro Android 2 “intent”,
Apress, 2010.

[10] Sayed Hashimi, Satya Komatineni, Pro Android 2 “Content
Provider”, Apress, 2010.

[11] ClipData, Android Developers: http://developer.android.com
/reference/android/content/ClipData.html

[12] Agarwal, S., Starobinski, D., Trachtenberg, A., On the
Scalability of Data Synchronization Protocols for PDAs and
Mobile Devices, IEEE Network, Vol.16, 2002. 8.

[13] Byung-Gon Chun, Petros Maniatis, Intel Research Berkeley,
Augmented smartphone applications through clone cloud
execution, HotOS'09 Proceedings of the 12th conference on
Hot topics in operating systems, 2009.

[14] Joonmyung Kang, Takkyun Ko, Sinseok Seo, Baekjae Sung,
John Strassner, Jong Kim, Chanik Park, James Wonki Hong,
Smart Mobile Platform for Supporting Context-aware
Services, Journal of KIISE Vol.28 No.5, May, 2010.

(15] Ao+, &4, 4714, “2utd C 7]19e) GVM S8 =213
S Java 71Hko 2 W3S process”, 3o A Wylels] &43] 4]
A294, A23, 2002.

[16] =82, QA o)A, “Aax dH Zdx HEE o] &

o

GNEX C-to-Android Java ¥37]9] A4 9 34" HEln|
o8 3= 8], A3, A7, 2010 7L,

[17] AIDL(Android Interface Definition Language) http://
developer.android.com/guide/developing/tools/aidl.html

[18] Jerome Dimarzio, Android A Programmer’s Guide, MC Graw
Hill

[19] Android Serializable, Android Developers: http://developer.
android.com/reference/java/io/Serializable.html

[20] Ken Arnold, James Gosling, David Holmes, The Java
Programming Language, Fourth Edition

fuj

[21] Bryan Carpenter, Geoffrey Fox, Sung Hoon Ko, Sang Lim,
“Object serialization for marshalling data in a Java interface
to MPI”, JAVA'99, 1999.

[22] ¥ 8, 5, AT, T, wge
gt TPC-C WA E F3 A5 &

5 4]
D AHFE AA, A13E, A4z, 20089 4€.

z =t &
e-mail : hychoe@dislab.hufs.ac.kr
2008 g el wroltielul QR EAlE 8t
(Ah)
011 F=relojtistn HFEHRAR
A E I AL
20119 ~d A AdANAZE
)

WAlLoF ol H o] &, Butel HFE, FeAl e



414 2Melstel=2X D M18-DT H5=(2011. 10)

g A A
e-mail : swpark@hufs.ac.kr
1994 A&oidta 758 5 3H (3
19979 A-gdistal 7378 & 3tk (A A
20024 Mg oistal 75 E etk
20029 ~2003  AFAH e gta HAE
Szt A AGAL
20039 ~d A FTefsoitidtu FHFANF I Faug
Aok mutd AFH, dolguo]x, FYA vz




