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Abstract: Android developers need to accumulate experience to enhance their ability to design Android interface and behavior. Code
recommendation has been one of the focuses in data driven software development. In this context, this paper proposes a method of Ul
interaction pattern extraction and retrieval for Android applications. The method offers the ability to retrieve and recommend Ul related
codes, so that developers’ effort of selecting, using and learning Android applications can be reduced. The Ul interaction pattern of an
activity represents the interface composition and the interaction behavior of the activity. Taking the pattern as the target, this method
extracts the Ul interaction pattern of each activity from a set of open source Android applications. Consequently, the method supports
users to retrieve the related design details of activities by constructing queries. The method is implemented as a set of tool chains that
provide automatic support for extracting and retrieving. Furthermore, the accuracy and effectiveness of the method are verified by two
working examples.
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Activity_UI_Interaction_Pattern AUP = ( activityID, ViewList )
(AUP) ViewlList = { view | view belongs to the Activity with activityID }
Q View = ( viewID, viewType, viewName, viewTitle, parentViewlID, eventHandlerList )
parent View viewType € { “viewGroup”, “widget” }
yaN eventHandlerList = { eventHandler }
eventHandler = ( eventType, eventAction )
eventType € { “click”, “long_click”, “item_selected”, ...}
ViewGroup Widget eventAction = ( eventActionType, influenceObject, influenceMethod)
eventActionType € { “widgetInfluence”, “intentSwitch” }
object
InfluenceMethaod EventAction
invoke : 4
Widgetinfluence IntentSwitch

Fig.1 Meta-Model and normalized definition of Ul interaction pattern
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Fig.2 Framework of Ul interaction pattern extraction and retrieving
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View B A B F4F )0, R 35 6] 1 Fros JoBEA (1 i AU E B UG 35 .GATOR LB AR XHAS Activity 1217 575 3
JE IR G5 H) ViewHierarchy, iE X hy:
e ViewHierarchy=ViewList={View},Rl,—A™ Activity §J Ul JZ X &5 8 72 — 4 View IS,
e View=(viewID,viewType,viewName,viewTitle,parentView,eventHandlerList), 5 7o B 8 i view (¥ & X —3;
e EventHandlerList={eventHandler};
e eventHandler=(eventID,eventType,eventHandlerMethod), — 35 F 4 A1) 5 0. 45 Hik— 4 5 1D s Higip:
I Type DL AEARHS A SE Iz A 1Y) 5 48
(2) @it FlowDroid #E4T event 17 4 4347
FlowDroid nJ FH-F- 4> #7251 App PN I¥1J7 ¥ FH G R RIEL S View ZH4F A ¥ i 57 6 250 -P 14 05 V& R AL 3L 4y
T 45 R R R 45 4.
e MethodInvocations={MethodInvocationPair};
e MethodInvocationPair=(sourceMethod,targetMethod), R, B 5 <k 77 3% (VA 1 J7) 5 H 5 5 v (B0 F 5 ) i
FAL R (1) G 20
e sourceMethod=(sourceMethodClass,sourceMethodName);
e targetMethod=(targetMethodClass,targetMethodName), EJl i 3k 77 ¥ 5 H 45 77 3235 11 7 ¥ BT e i 28 J 7
KA
(3) 45# GATOR L5 FlowDroid £ 5 fity it i A8 FL A5 54 4
0T R R L BT R OB K R 2R 1 SO0 3R S8 R A Activity BT TAS TR S 1 A 1, 75 2 0 AT R R 5l g
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Function GenerateAUP

Input: ViewHierarchy, /T8 L GATOR 43413 11 AppX AN Activity (1) View 2K 45 1 5 S - A
MethodInvocations; 1783 FlowDroid 73 #7175 21 (1) AppX 1) J5 1517 H XF
Output: AUP. H1AppX H1i% Activity [ 540 28 BB
begin
AUP=(activitylD,ViewHierarchy) 1% AUP #1640 K9 A AL 5 A 2 /E 1Y) ViewHierarchy
for each View in ViewHierarchy 1138 7 )2 B R BT AT View
begin
for each eventHandler in View.eventHandlerList /3 }}71% View 0] i .43 (81 7 45 S0 A b
begin

targetMethodList={}
for each MethodInvocationPair in MethodInvocations

begin
if MethodInvocationPair.sourceMethod==eventHandlerMethod then />4 3k 75 ¥ Ay g ) 77 =X It
begin

if MethodInvocationPair.targetMethod.targetMethodClass=any viewType of View then
NAELE B AR 7 VL1 2844 h % Activity ' View [f) 281 44
begin
ITH:3 F3 I eventHandler (#1252 2 widgetinfluence [¥) eventAction Jt %
eventAction=(‘widgetInfluence’ targetMethodClass,targetMethodName)
eventAction—eventHandler
end
if ((targetMethodName=="startActivity’) or (targetMethodName=="startActivityForResult’)) then
begin
1163 IF4% I eventHandler (12878 3 intentSwitch [¥] eventAction JG
eventAction=(‘intentSwitch’)
eventAction—eventHandler
end
end
end
end
end
return AUP
end

Fig.3 Algorithm for constructing Activity Ul interaction pattern (AUP)
3 K& Activity Fiia I (AUP) I VL 72

24 REXRERANTIE

ST AR R R 2% A A E ) A I AS TS, AR 2T JSON I A AR (PQT) Sk 45 itk R ik 7 TT
R Activity FUI IR ¥ 5 SR G G N FR Y Be W S B 43 BT 12 75 =k, SE I R T AE BRI ARG 2 5 45 R R At

(1) PQT &M i&E

T PQT (1A #5241 (query) /& —A> ISON X%, F T4 R I B (0 35 viewType,viewName,events il subViews.

B P IR7R view 2R A 5284,

events sEAUKR HA N S5 B E A, P& T event JZH eventType 5 eventAction 4 8[1* %,
eventAction U & 1 actionType,targetWidget Al influenceMethod F4 5 (1) % % 3% JLIASAR 9 &5 1 1 B
N BILP P

subViews E 7R A view T 240 (1) T W0 B A, &F N B o0 32 1A 58 KRR view 1) JSON X 4.

PQT mJ H Tk H—41 View,JE T PQT 1 # ) sl it JSON 177 e L T 1X 4 View Mg M52 k%
F, T SE 11 JSON S % — R A9 THLEN IR ViewGroup. 53 #h, PQT ASAi 48 I s s vl AR 408 52 B 7 sk HEAT 3
BRI SRR KT A BN W B R R LA AR B 4 R T — A By sedl, % S8 &7 H P I 1
Activity FLifi 1 — A SCAHE (TextView) LA K — N $2e41L (Button) BT A4 5, 3 H A2 41 Y i 3 0E £ 5 i SCARHE A

(K572
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query={
“viewType”: “ViewGroup”,
“viewName”: “android.widget.LinearLayout”,

“subViews”: [
{
“viewType”: “Widget”,
“viewName”: “android.widget.TextView”
“events”: [-]
}
{
“viewType”: “Widget”,
“viewName”: “android.widget.Button”,
“events”: [
“eventType”: “click”,
“eventAction”: {
“actionType”: “WidgetInfluence”,
“targetWidget”: “android.widget. TextView”,
“influenceMethod”: “setText”
}
}
1
}
I

Fig.4 A query instance based on PQT
K4 T PQT Mtk

(2) BRE5HT

T P A TR 1 TR A B AR b s A T T ) LA o (widget) ) B TN Layout A e S EAN &
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H R,

o BB 2 ANREUAEXN T 1 AEUOM B350, BN AR S Widget 2881 5 %0 0 T 2 2 A W A 1R
AN — 3 3 2 F A SR SR A8 B SE 2 ANE IR 45 R 5 AR a5 i — A2 kA 4h ) Bk
LI TR E L B BRI A 1A 1A IR A gl R

o I 3AREWAERIGIEUR IR FHEL S Widget 28R 5555 1 N 7 B2 UG S B4F 50 4 1) S 1 A8 TR
3L FIRE, 245 LAl T RS B AT B AN J2 R I 3 83 40

FmAE B R R S H P R W 5 BT, Z R o AR AL A, 2RI E ARG

I LK B ) 45 TP X LIS 5).

1) A3 AN ZRJE VR R T A SR ST AE R A A LAl R S A FASE R e i D -
ZAELPEAS B XL HE CLC2 A1 C3:CL W] T4 & Widget (12875 30k (9w, 1 22 7E
Activity L5 2 4> Button $544);C2 H5 81 T Widget (19545 A0 43 (191 far, 309 22 Activity H () Button % 4F
Wi Click $4F);C3 W48 W] Widget (19413 /E (4141, Button (¥ Click 158 B i TextView [If11H).
BT b S MIE T PQT 7 ) SCAS 1 43 SR SUK B 4 F

2)  AlH 3 AT, o0 Bl T TRIAS BAR 22 HH U I 73 3 55 A5 R o 4 1R 1V HR T 2 45 SR (AUP [8E ),
IR 4 TLT2 A TR & ) S E 38 X, T2 08 T3ME T2, T3 5 T1 A— g B A& KR,

3)  MRIEASE R B2 UK LK R [ 4R AUP SR A HEAT IAT 45 15 TN 25 SR B 4 15 206 L R e R &
R 45 R, v 4 4 Res_Levell,Res_Level2 fil Res_Level3. 7658 1 2k iH7,Res_Levell 4 T1,T2 5
T3 (A4 15 BIRF G T 4 10 o ™ i (R ) &5 SR 00 28 2 3R AE i Res_Level2 24 T1 5 T2 %8
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LI H LB JET Res_Levell MTEE 4R 3 2 K& M H ,Res_Level3 554 T1 BB
Res_Levell 1 Res_Level2 J&5 153 21 f) 45 1.
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J7 THD A AR A% A Sk BRI B30 7 9 i 26 SCRIR (150 A 22 Hh 10 32 T B0 ARARLBSE 19 TF 53 07 vk i 2 B 4%
AUP 5525 75 SR 20 230 J2 W T 5 44) R A 88 o1 42 SO v 2 (R AR T AUl 1) 2 R BN (B AR Y
RUIZE IR 2 %) B W8T E O 21/ A B, R 3 R PR AR RS o g DR A L T I SR T
B SR ;5 J v A5 R SR P AR AR A5 s (R SR (Y LR ], 45 31 AUP 55 Al R SR i)
AFVABLFSE H50 1 ARVBL S vy, Ui BH 1% AUP 5 25 1 75 K (%) &5 F) T8 b 300 70 )23 4 v R HE 42 At T8 ST

1) AR 4
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Fig.5 Retrieving and sorting process for Ul interaction patterns

5 FUAR HA R R S
3 IAEIXy

AR SCE R F-Droid B 1 — 4 IR 2 50 H 25 O W22 st 0 L RIJB T — 4% T E A%, S 3 H T A8 B
A1l B 5 A0 2R A B BT 45 T LB I 28 f (1 6 o, b R (6 i (A R ok A 2 TR, (A (o
HES HAT R TR0 O TR

FE AL B B, A0 32 20 T HL 04T $h B0 S R L 4

(1) M F-Droid /345 2% 5100 H 0 ARG b il 54 P T€ s T L1 8 S B W AN 1) 2 5000 ) 48 A b i 45 %

(2)  B3hgnEEze s AR, LRI H 1 bin B 3%,1% H 247 Soot 73 #T(GATOR 5 FlowDroid ¥ 3 37 ¢
Soot 2 L) $2.

(3) f#/H GATOR T HXf 4 —/> 2 s IV HHEAT Ul 230477, 3845 Activity I View JZ K454, 5 Activity A5G
AR A A R R U5 S A7 2 NoSQL i PE(GR A MongoDB). 48 GATOR 3 #t L fit b, it it iz B
GUIAnalysisClient ¥ 1 View 25415 SR 47 % SQL s FE R A MySQL).

(4) f# FH FlowDroid T X4 — % 51 5 F HEAT J7 3058 FH 20 BT, 3R A5 45— A B I o 2 1) gexf SCA=(nl
i Gephi LT TF I8 75 7325 0 T IE). T 2 52 R gex SC A 1R 1 FE 8 7545k 100 8 5% R AR A7 & SQL Hdls
EEW.
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Fig.6 Architecture of the tool chains
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).
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Table 1 Number of the elements in the Ul interaction patterns obtained by preprocessing analysis
F 1 TALELSHTAF R Activity A a8 B A T R HUE

#View #EventHandler #EventAction
#ViewGroup #Widget #WidgetInfluence #IntentSwitch

43 728 68 288 47 360 32 969 14 391

4 = B

2571 30 e A 28 481 S I IE AR SC TR 1 T R e T RLVBE A 2 AN R A SE HIFE T PQT A i, B
HEAT 2R 45 HL 1A Rk
4.1 AR IEZE S

T B AEAJ VE BIERA P, TR — I R S 6 B E R R S — AN e 5L App (1 Activity ST A4 i 6
MZET PQT [ 2 i), 56 1A 2R 45 S 6 78 4 T, BV 75 32 % Activity RE85 15 23R (1 1) Sk 28 BAR X 1 55—
Hefor L B4 9 GeoQuiz ¥R 1 QuizActivity 7% 441 X BV (1 2 ) JSON SCA (H F i e b PR, £2 LEAS B 1),
it SRR P A E AT 4R B 5 A widget 41 i) S L RS AN FEAE AL, click MAZER, 1 A SOAKE, L AN g
RSy clicks Bh{EZEM Y widgetinfluence. 527775 setText MIIZHILA & 1 AN, click. shfES
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AUy intentswitch (¥ FL 38 ek K Z& TR T 3RAG 2R 2 T A28 1 3 A2 b (il S A AE I Activity 45 R T

IR T AN b Layout ARABLE 5 1F 71 5.

Table 2 Search results of the verification case for accuracy

2 HERRTESUE R AR R 45 R

R JZ I Activity % Fx Layout MHLEE | Ky RHET
F1ER com.bignerdranch.android.geoquiz.QuizActivity 1 1
4 S com.iazasoft.footguy.Prefs 0.731 2
A2 )2 org.yaaic.activity.MainActivity 0.731 3
com.matteopacini.katana.KatanaActivity 0.669 4
fr.renzo.wikipoff.ui.activities.DeleteDatabaseActivity 0.648 5
¥ 3EK com.onest8.onetimepad.MainActivity 0.601 6
com.github.xloem.qgrstream.Launcher 0.439 7
com.github.wdkapps.fillup.GasRecordActivity 0.272 8

4.2 BIEEIEESG
9 T YA T VA A R, B e SRR AS TR A R I 75 SR R M ] 7 TR 038 T PQT A i1,

05 SRR P it B> 1 3453 LI ke 10 3 R St T, RS SIS R 7R Dy item_selected, ) £

2K 1 % intentswitch.

query={
“viewType”: “ViewGroup”,
“viewName”: “android.view.Menu”,
“subViews”: [

“viewType”: “Widget”,
“viewName”: “android.view.Menultem”,
“events™: [

“eventType”: “item_selected”,

“enentAction”: {
“actionType”: “intentSwitch”,
“targetWidget™: “.”,
“influenceMethod™: “-”

}

}
1

NS HNPIA ST L —A> ISON % G Al
]
¥

Fig.7 Querying requirement of the verification case for effectiveness based on PQT
Bl 7 ET PQT M A B i 2 0 25 i o K
[F R, 2 kR T RIS AT M 313K 3 Prlfs R4 4.

Table 3 Search results of the verification case for effectiveness
RT3 AR R KRR

K& Z Activity £ Fx Layout AHALLEE | B RHF
cx.hell.android.pdfview.ChooseFileActivity 0.926 1
B1ER org.grapentin.apps.exceer.gui.MainActivity 0.892 2
email.schaal.ocreader.ltemPagerActivity 0.841 3
com.hayaisoftware.launcher.activities.SearchActivity 0.658 4
B2 JE R com.bleyl.recurrence.activities.ViewActivity 0.419 5
org.cprados.wificellmanager.ui.WifiPreferences 0.391 6
com.luorrak.ouroboros.deepzoom.DeepZoomActivity 0.352 7
53 2% ) ru.meefik.busybo>_(.MainA(_:tivity _ ) N 0.294 8
) org.xbmc.android.remote.presentation.activity.MusicArtistActivity 0.187 9
jwtc.android.chess.PlayHubActivity 0.122 10

© PEBEEG T

http:// Www. jos. org. cn



2208 Journal of Software #4373k Vol.29, No.8, August 2018

AR RS, AL, A7 2 b I 230 45 R 5 45 view 2870 55 40k (1 0 DR AE JE S rh 2 5 AT 3 A3
LIRS AR Widget IEAFAT 0T, 50 1 )2 U0 I 4 AR S LK BE T A8 SRR SEAT 5 P IR
i R T E AR S Widget B BEH0E U FAFAT AR T TR 2 R IREER 3 JRIT I A AR,
FERIGE LA FAT A AT & FULI R T 3, A5 ) A Jd T 228 A 5 (947 O S B 3 ok 5 38 s 43¢ 7 st v 17
T AZ FLASE SRS 28 (1A 2k Ll A, A P S 48 77 S )32 1 S e i

5 ZRERE

2 9% T AT AN U 2 ) SRR e L Activity B R LS H RS A T A ke AT App I
I ) LB A 2 S (0 AR A SO HH 1 222 o 3 ) S I AS BB Sl IS R R 7 3o R A L T — P sk & 47
TR TR BB B4 M7 54 Activity 1) SR THI TG 3 M RO AE HAT o R R R B SR P B A i SR
55 0T SR d5 b B3 1 FTHTAS AR K

AR SCHT R 0 TR LA R SR I T LB R 58 1 S AN I 22 51 IR AT AR R S R 2R R D A e ST
1 22 BLAR T HEAE J7 T W20 253 AR 1T, 7 ¥ S T LR B AT AR A6 A 1 Sl 1 b Jr 3 486 DG i o5 m] 1 g A SR A AT
TAEME A5
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GATOR [ 43 HT S 477 Fi S I A8 F AR A6 25 () J o S

o LUK AEBLB BETYAR T BT 1 AAT G ST PQT M #37 SK 3F BLIUJC e ISON #% 2K (1 IE i Pk,
TR AN AR LTI 5 A6 1A L e SR T DR A B St I — ) A, R 8 1 T LA A R R TR 1
SCREHT P A SREAT AR, B AV FH P T ok HE P B R AT A S5 T 0 BB A % 5 5K
A R H 3l i o 3 PQT &I L.

o IS P CUTTREE A B RS BAEE Activity TIFRHS 5 % U SO Ak 0 e X 6 R 4k, BT B L P
A A 2t T 1) 52 DR bt B 7 S 48 T A v 48 A T A A [ IR R L B4R S
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