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Abstract:  This paper proposes an integrated approach to facilitate mobile application development and
deployment from software architecture perspective. It models, in multiple dimensions, the device parameters (like
CPU, memory, screen, communication module), user preferences (like energy or performance preference), and QoS
requirements (like frequency of interaction, average size of event) at architectural level. This approach will generate
personalized deployment plans to meet specific requirements of mobile users. The case study and experiment results
show that this approach effectively facilitates development and deployment, and improves the customizability of
mobile network applications.
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(HardwarePlatform)

(Defaults
(Vendor="Nokia”
Model=*2160"
Type="“PDA” (UserPreference)
ScreenSize="800x600" (Defaults
CPU=“PPC” PreferenceToEnergy =“0.5"
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Memory="32mB”/)
(/HardwarePlatform)
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R AT AR K A8 19 N R 40 T I B LA i /D I N B Bl P R ) R R3S R A B AT I
(monitor) &l 20 1T 7 A 4k 75 sk sl T P BT A 31855 % AR 3 AR AL, S 3 %% s (mobile client)iZ [R) 24 /i A1k 4k
FH P43 807 i IR 4% 28 3 (server) 3% B i 575 5K (re-deployment request). I 2% 2% 75 820 203 K 5 ¥ B9 o S 0E 4
BB T %8, JE AT B 5B 7 SR BB (calculate re-deployment plan & evaluate benefit/cost of re-depoyment). 7
ST FH s P 1 0 1 A R A R L SRS K Ak A T A e e R AL, A SR P AR Yok
SO 5 A T, g SEtetion(deply,) — satSTation(dePla ) , yrespong . r147 1 5 5 877 ¢

satisfation(depl,,4)

0 FH P R B ) v KT BB I, A 2 A T A T IR 2% 8 UK 8 2 5 (re-deployment plan)
RIEEEFE BN R i 56 B L A AR

(® Re-Deployment plan @ Calculate re-deployment plan
& evaluate benefit/cost of re-deployment

Mobile client

!

Battery Memory

[ onior |

Server

(O Re-Deployment request

Fig.3 Re-Configuration process

K3 &8 7 S A AN

SNSRI T HE T Prism-MWEL T NanoDepl B By 25 B #8587 58, 36 LA 1 22 45 Mg 3 240 A

PEACHT A5 B AN A 1t A2 P AN A 75 SR K & 5 %6 4 4 J2 NanoDepl J8 ]34 gl AH 0 7= 61 175 ¢, &

AT DK I FH PR A 28 S8 R R0 PH P S A o i it DLV TR AR IR J7 20 AR S, I 0 1 8 7 58 AR e S AT #
N A 38 8 7 8 AR i ARSI S FF

Fig.4 NanoDepl tool snapshot
K 4 NanoDepl T H/~ 4
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FE“TE S 10 S S A5 H B8 80 0 7 e MR 55 45 s 2800 2 T 4800 I A 1 LA A2 5 D P IR 7oK B B
I T AR R G IRZT N T 6 ANSFPERT 6 AN IERE 1 2R I S S A (R A3 5 D A2 AN R IR

KiIF K.

(Component)
(name)Bluetooth{/name)
(providedinterface)Send(/provideinterface)
(providedinterface)Receive(/provideinterface)
(requiredinterface)Decode(/requiredinterface)
(DeviceParameter)
(Bluetooth)“Yes”(/Bluetooth)
({/DeviceParameter)

(/IComponent)

(Component)
(name)GreyScale(/name)
({providedinterface)ConvertFormat(/provideinterface)
({preferencetoenergy)“0.7”(/preferencetoenergy)

(/Component)

(Component)
{name)GUISmall({/name)
(providedinterface)Display(/provideinterface)
(screen)“0.4”(/screen)

(/IComponent)

(Component)
(name)GUILarge(/name)
(providedinterface)Display(/provideinterface)
(screen)“0.6”(/screen)

(/Component)

(Component)
{name)PhotoManager(/name)
(providedinterface)Add(/provideinterface)
(providedinterface)Remove(/provideinterface)
(providedinterface)Find({/provideinterface)
(providedinterface)Update(/provideinterface)

(/IComponent)

(Component)
{name)Network{/name)
(providedinterface)Send(/provideinterface)
(providedinterface)Receive{/provideinterface)
(requiredinterface)Decode(/requiredinterface)

(/Component)

{Connector)
(name)GUISmall-Manager{/name)
{connectedcomponent)GUISmall{/connectedcomponent)
(connectedcomponent)PhotoManager({/connectedcomponent)
{/Connector)
{Connector)
(name)GUILarge-Manager({/name)
({connectedcomponent)GUILarge({/connectedcomponent)
(connectedcomponent)PhotoManager{/connectedcomponent)
{/Connector)
{Connector)
(name)GreyScale-Manager{/name)
({connectedcomponent)GreyScale{/connectedcomponent)
(connectedcomponent)PhotoManager({/connectedcomponent)
{/Connector)
{Connector)
(name)Bluetooth-Manager({/name)
{connectedcomponent)Bluetooth({/connectedcomponent)
({connectedcomponent)PhotoManager{/connectedcomponent)
{/Connector)
{Connector)
(name)EventHandling(/name)
(connectedcomponent)GUI{/connectedcomponent)
({connectedcomponent)Bluetooth({/connectedcomponent)
(QoSParameter)
(AvgEventSize)“500b”(/AvgEventSize)
({/QoSParameter)
{/Connector)
{Connector)
(name)Selection(/name)
(connectedcomponent)Network(/connectedcomponent)
{connectedcomponent)GreyScale{/connectedcomponent)
{/Connector)

Fig.5 Architecture specification for mobile aloum application
5 B A M ] R AR R S R

FFZN L) Tl PhotoManager S8 F B4 T A 45 3 38 3 Bluetooth 34T B A (19 55006 rii A i,
Mg A7 T GUI 58 Jl w1 o A B P il T A1 D) G, Tl i GreyScale ok ik ki H br L IE 2 1
GreyScale-Manager W[4 GreyScale 1 PhotoManager 3% k.

h T AR UG N T S BR T AR R AL A B B AN A R AT R B 6 R T AL
F A 7 490, L0 R AL S & A0 P e e 1) 75 SRBEAT R 240 50 4, a3 2.3 45 v R R B ar AR Th e Jd ok 5 30
SUAE BRI 26 R X L ARS8 AR B £ BE R /INVIN T 176220 Bk /N BE%E, KT 240x320 B K B 7, 45
WUy 1F 5 B %E 4% F Sk, #2357, cmPara(cm,cmp), UPAPrio(upa) 45 % i i i 55 55 28, i 18 7 B,

LT IX et N R MINLP £23% NanoDepl T EL 2B i i) S &AL 3 807 52 0

depl’={GreyScale,GUISmall,PhotoManager,GUISmall-Manager,GreyScale-Manager,Network,Selection}.

AT LU B 7 ARG N 8 H bR T & I B E 5 5 B 6 s I P A PEAL R SR IR K

b7 -8 P 9 S B 1) BB £ satisfaction(d).
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(HardwarePlatform)
(Defaults

Sereen=+128x128" cmPara(Bluetooth, Bluetooth) =1

Bluetooth="“No"/) cmPara(GUISmall,screen) = 0.4
(/HardwarePlatformy) cmPara(GUILarge, screen) = 0.6
<User|?ref|erence) cmPara(GreyScale, preferencetoenergy) = 0.7

(Defaults ; _

PreferenceToEnergy=-0.5" UPAPr!o( preferencetoenergy) = 2.5

PreferenceToPerformance="0.5"/) UPAPrio(screen) = 2

(Modifications UPAPrio(Bluetooth) =1.5

PreferenceToEnergy =“0.8” AC ={Bluetooth, screen}

PreferenceToPerformance="“0.2"/)

(IUserPreference)
Fig.6 Example of user profile Fig.7 Relationship example
6 M E R R Bl 7 s 5 Rl

3 XBEHA
3.1 BERBRBRAM

HOEEX ADCA 51K B R AT R0 % HAT HE 252 ), BR] wbe AR SO0 P i S50 PR AT 80 SR AT 90 Sl SE 560
D S A1 5 25 T R AEUR R MB900 ik 55 i, 1 b AL B 4504 Intel # % E5400, 4 /74 1G DDRII 800.
BAFF 6 3T Solaris 10 Update 9™ 42 DA 5 Bombert™ 84 S [ ] 7 491 2k Ji# 7 50 5575 Rl MINLP 5535 fl 41
1T80% #5) Bomber & — MIA KR F) R 3D AT BLALL e, H 58 R IUA i 67 AN 1 B 1 21 . B T 7 2
REVEAEARN RS H 44 N RIRER, AR SO ) Bomber HEATAS [RFE FE 18k BY A 0 R 0 AN [F) 550 B A4 405 32
ARG S N T AN BY S AR AT SRR

TEAFAE I 8] BRI TR 45 47 T AR SCR F 900 89000 A B 28 0 28 )R mT e 3 s Y P i i . 8L 8 R T HEAS
[ F4Y s T B 1] 2% A0 1t %o S ) ) e 450 R I R P 0 B0 3R A5 1) P 398 2R B8 42 158 003k L T P il
FRF AL HT 5 13858y 48 2h LR SRl LU P 6 i B 48 7 v 40 BL Ok 14 Rt B
satisfation(depl;,.. ) — satisfation(depl

satisfation(depl;ginar)

TEVH S P 09 5 B AR T (R el R v, 5 B E AR B8 T S AR O AR Al X B B0 AN R A A B E R R A
Pt /DA SRS AR A WIIR I 7 5, A7 AR 2 A S /M AT SR G I8 BEALIEEL— ME I AR &8 U7 2. A% 3.1 75
WO« # sh AR I R b 1 depl,={GUISmall,PhotoManager,GUISmall-Manager} 1 depl,={GUILarge,
PhotoManager,GUILarge-Manager}35) /2 f5 /N 4 44 8 & 78 S il B A SC R S04 AN HP AT RO L — AN 8828 7
G R Ll vt A 2 36 2 SR W DUt B A 7E 4 R 4 H A 2 (R 00 1, R FH D0 S50 wl DA v F P 3 e
30% e A7, Wl 8 B,

TEA A AT 8 7 S F K MINLP W] DUAE fids KAk satisfaction(d) B 8 7 5, B KRR B b S8 H il &
JEE AR MR R H I 2 I AT T R SR BVE TH AR TS 2 10 e LB 9 RO TAEAR AR EOH I 44 R SR H
MINLP S35 A il i e 5 28 J7 22 v FE IR IS T) A S 30 45 SR vy LA Y 24 A R 480 H /T 20 I, MINLP I FE (1 IS
) 546 B0 H AR SRR OC 2R 5 B R R0 B R3S 22 I FE I T 19 R W AR bR,

MIE 8 FIE 9 % o FEVAFT MINLP S5 45 B 7 vl LA H 2 W 80 H 26020 sl I Tl B SR I, 8oR H
MINLP S35k Az B dpe A0 F18 28 J7 2 5 0 2 A4 A1 4 1 45 22wl ) R ) 77 A6 I, 70 SR FH) 0 B0 A Jl 8 20 AR AL 1 3 2
J7 B8 33X 1 B ) LA S 11 7 sAFEAE T NanoDepl TR 22 v Bt B SC 4w B A AS 7] s Ta) B A6 R0 40 42 5 I BR
TR 25 AT T T2 B ) B335 BROA RO TC AU L] 8 0 I&T 9 ) S 38 45 AR Ak 4, n N o

o HIFHEH = 20vIN H) B i <400ms, K H 200 L,

o {0, RH MINLP 52,

improvement onuser satisfation = orignat) x100%.
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100 700
\\:\\\:‘\\\ 600
- T -
g_ 80 NS 500 MINLP algorittm "
£ E 400
25 60[ —— Time limit=561 o /
SE  |—=Timelimit= — £ 300 /
E 3 Lo =
L 40r Time limit = S~ 200 /
2E F Time limit = 100 —
E7 20 S oL "N
- 0 10 20 30 40 50 60 0 10 20 30 40 50 60
Number of components Number of components
Fig.8 Effect of greedy algorithm on user satisfaction Fig.9 Time consumption of MINLP algorithm
K18 K SOy BT s B B R S Tt K19 MINLP 53k (i) 18] 4 LL 3R

32 EREIWERSH

(HardwarePlatform) ADCA J7 5 ) — A5 445 T X4 B J7 R 038 A7 ) I i

(Defaults BB SRR DS 3.1 71 R R sl IS DA 48, e A S <A PEAR
Z?reet:n:t‘;llzsglzlfs" JUE R TG I, L0 BERE K 4 R W AE T 46 RAS R il T 5
uetooth="No” MR BG . 4 S 2
(HardwarePlatform) AT S B T P RE . SR I, NanoDepl 24 I ™ A B i) 35 7 58
(UserPreference) 4 depl={GUISmall,PhotoManager,GUISmall-Manager}.
(Defaults < W I T R RS PP 08 T 749 240 B ) i 2 36 9 1 i, 3 A
Prefersnce ToEnerg SN, PSR 7 depl AT FH P {16 AL FE S 97 A L A
referenceToPerformance="0.5"/) o o
(Modifications A satisfation(depl,,,, ) — satisfation(depl,,,) Sthreshold
PreferenceToEnergy =*0.2” satisfation(depl,)
PreferenceToPerformance="0.8"1) g i 17 i 8y 5% 10 LB, A0 8 07 0 B P 10
(/UserPreference)

R X WY E threshold iy 0.3, BV 24 F 7 3l 7 1) 3 v K T~ 30%
e, B A Sl e 1 10 JEoR T R sh AR I N T AE P R T Preference ToEnergy M 0.2 JTF46 7 7 384 i i i 7
rp R S S S R USRS ] S L R Rl i R A

-
4 T
§ 3 e —
:_E 2 — —— With reconfiguration
'(;; 1 ‘\\.\. —=— Without reconfiguration
0
0 0.2 0.4 0.6 0.8 1

Preference to energy

Fig.10 Reconfiguration effect of ADCA approach
10 ADCA 7V ity B pC B A0OR

Al LA B RS 2 2 H R 0 AR T T R, 1 40 IR ) i L 398 o 0 T LR TG T 2 5 N T R R 1L
i 2 01 AR AT 214 T T AL A % I 7 10 50 288 € T LA 28k b 6 FH P 1) R AR S R 2 P e
PreferenceToEnergy 1 4% 0.6 I, fist & = ficd & I L, 40 B 10 Ji 7. 9206 &5 B 26 B AHOGET J6 B B WL I & 4818 24
P17 B 22053 47 I D R, T A R P R R

LAy LA b S 45 B AR SCHR Y 1A 1 S DA B 5 0K 5 v T DAAR e il A2 FH P A MG SR B i FE P
oSS RIS TSR P 0 S0 A R AT R e, T LA B ) R PR S TR P SRS A (35 58 7 6. 53 A i T SR
F )y T 7 T LA I FH B A T2 A 0 050 AT 20k e P P i
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4 THESHERIE

4.1 FFEEREETE

ASCES HATT 2 A TR sl 38 T —FHE R MK I BUS AT Rgi 2 H P ME R KR 4 B
B T 44 A0 88 50 1 AR 25 7 i 8 28 07 RARAL 7 1 ADCAL T H B 9 44 40 A% 50 1 25 7 it 00 5 AS 2 o0 A
T, P I A A T 5B 7 S ADCA T 1k i A s R R R 0 A T T 2B

Ty A0 AE BB AR S R T P A YA T SR BB B R T R i A BN AR M RES
e B DL RIS AT B S A0 6 T H bk pAR R I A i TR B N 2 i A T SRR 2 R N T A N B
AR B N 2B 3 B T SN A Stk TR 1) I P R 8RB AT PR B 5 UE B T AT HoAb Y KB AT I RE T BT %
Wi A% 20 I8 FH 2% 7 i [°) ) P 3 3 R B ) R e 118 AT T 55 2 B0 8 %% VIR S IR P T 1A H AT, ADCA J7 V5 X N
R R T T .
42 HRIE

AT M) ADCA J7 i, 8 500t 199 25 A B 2 1 BRSP4 R 10 L3, 28 05 6k P A PR R SR 1 3 KK
) —— B A R MEA & ZAENE . P i A, QoS 7 sk 2 FEIE——In BA2X 4T, JF £ ADCA J5ikth
X AT 2545 7% B ADCA J5 ik 1) £ 200 RS R SRR L Ja 20 A RV 5 7 S8 2B B I8 AT I 47 0 i 7
S IR PR RS R P A AR SRR T SR ) R A D O L A R il AN BLSR A A e E
Ao 1 P S AB)RYSEE 56 6] 75 325 PR AT AT A B 75 9 BORAEAT JRE 7 AT LA H A7 R A B P T T T AT g v T
T4 758 L RY I, 38 47 B Mo 72 R0 SR B T DA I P P B8 s P A P T SR A A AR I SIS T 0 SR 06 A2

R TAR A A 8RS P AN PR 5 SR 10 1 3 I S BL b A 1 17 75 5K 1 20 g8 6 ) 2R 1 I AL P L 71
AZE] ADCA J5 i P AN PR 5 3K 169 8 128 g - 0 B AL 0 25O BAT 5w, DY D Y 5 SRR G 45 2R
PR 70 2 X 52 58 224 i P 0 0 2B 73 % D 9 o R PR A T 2, DAL b Ay S8 1 AR SR R 1) 45 385 1) 7 95 SR AR N ik Ja kD
JHAS ARG SR AR TR L T P P 5 5K 2l TR T B IR SZE BRI A T MR U R T N AL, B b AL
F 7 AN W A2 A KA A 7 SRR A H B SC X8 5 S T A mT LUk 7 3R S A i S PR A B 28 5 56— P e v
HI il R

T3 A0 A BEAEARR TAE 3R B R P FE a4 T 1 6 2 2000 B 25 6 BUIT IO A Sl o 5 5. IR R 38471 &
(1 2 i TR sl W R R e B A R R AR T B B — R Bl N AR s AT P B S B E N T
2y IS AT (KA N A BE AT P S . DAL 0, A B AR OR R H 3 06 A Ak T 56 LA 4 T P .
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