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Automating Release of Android APIs Based on Computational Reflection

WANG Yi'?,CHEN Ying-ren"? ,CHEN Xing'?,LIN Bin*’ and MA Yun'

1 College of Mathematics and Computer Science, Fuzhou University, Fuzhou 350116, China

2 Fujian Key Laboratory of Network Computing and Intelligent Information Processing, Fuzhou 350116, China
3 College of Physics and Energy,Fujian Normal University, Fuzhou 350117, China

4 School of Electronics Engineering and Computer Science,Peking University, Beijing 100871, China

Abstract With the development of mobile hardware and 5G communication technologies,smart applications are booming, which
has penetrated into all the aspects of our life and work. There are many functions in applications, which can not only satisfy the
user’s requirements,but also be further released as APIs for external invocations. For instance.the APIs provided by applications
can be invoked by the intelligent voice assistant. However, these functions must be released as APIs during the development
phase,otherwise they cannot be used for external invocations. To address this problem,this paper proposes an approach to auto-
matic release of APIs of Android applications based on computational reflection. It first rebuilds runtime software architecture for
the activities of Android applications based on the reflection mechanism,without modifying the source code of application. Then,
based on test cases of the specified function.it analyzes its user-behavior workflow and corresponding procedure calls. Finally . the
function can be invoked by simulating the user behaviors,and then is released as the corresponding APl. We evaluate our ap-
proach with 300 popular apps on Android app store Wandoujia, and the results show that our approach is effective for 280 of
them. For the specified functions, APIs can be implemented by our approach in about 15 minutes,and their runtime performance

is desirable.
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Overview for the approach to automatic generation of Android APIs based on computational reflection
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Table 1  Model operations of Activity runtime software architecture
# 1k AL B
Get Get e. property—>Get(e.ref,property)
Create Create e—>Create(e. ref)
List List e>List(e.ref)
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i runtime software architecture RT

TE

childList:the set that contains all subsequent elements of currentE.
elist:the set that contains all elements waiting to be processed.
currentE: the current element to be processed

RT:the runtime software architecture.

1. e1 = Create(refioo) ;

2. RT.E.add(e;);

3. eList. add(e; )

4. WHILE(eList | = nulD) DO

o

currentE=eList. remove(0) ;
6 childList= List(currentE) ;
7 FOREACH (ejin childList) DO
8. RT. E. add(e);
9. eList. add(e;) ;
10. END FOR
11. RT. HashMap. add(currentE, childList) ;
12. END WHILE
(DB TR R AR ITTER L 1-3 1),
HRAE M AT Activity 51 re fioo -3 Create #/EQIH RT AR
JGE e fE RT PHMICE e IKHIM AT EHE R eList,
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RULSE 5—1147) . EE BURITREER eList HHYEE —>TT
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TTHITIERREE RS . &N WP BAEF S TaskSeq;
B 5 — MBS AE M P AT 8 TAEWR G 9% — M5 .

(DO HIEAL task tList, I3RS AT P BRAE P 5 TaskS-
eq RSB 5—747) o 4 task F8 W J F A7 8 AR G
W5 — A5 P AT TAE R 5 — ME 5 A BIE 5
HER Lase ™, 3R WY BT 7 B AR T 3 TaskSeq: B9 AT 55 %8
num ,

) FIWT rask J5 AT 5453 (List P RBIAFAES TaskSe-
g GRERIRAESS (WLEE 10— 17 47D, W)y task J5 9K AF 55 55 %=
(List FHREBHAAES G. T. 1,5 TaskSeq, P55 j MEF ¢,
A, B isExist WA 1.9 task #1041 55 G. T.
teo EHATSHESR (List 5 j BOMEIN 1,

(4)Y task JG UL 55 853 tList PARAEHE S TaskSeq;. t;
AH TR 594 45 i CELA A 3805 20 DU 58 19— 25 47) 6 TaskSeq.'F
% MESS o M Z 5 AR 55 1E R 29060 task 19— 03 3, 8
AIMAJH AT TAER G,

OFEEPATE 3—4 4, B33 Ji 58 TaskSeq; T BT A
f£55 .

O)FEREMATE 1—5 L KK TaskSegs 48— H
FURAEIF S TaskSeq,; . B HHE AT 8 TAER G.
k2 MM PAT N IAER
Hi A :set of user-operation sequences TaskSeqs
it : user-behavior workflow G
G : the user-behavior workflow.
task:the pointer that points to a task in the user-behavior workflow.
tList: the set that contains all subsequent tasks of task.

1. FOREACH(TaskSeq; in TaskSeqs) DO
2. IF(G. T=nul) THEN

3. G. T. t; =TaskSeq;. t; ;

4. END IF

5. task=G. T. t1;

6. tList. add(G. T. t;);

7. num= getTaskNumber(TaskSeq;) ;

8. i=1;

9. WHILE(; <<= num) DO

10. isExist=0;

11. FOREACH(G. T. t in tList) DO
12. IF(equal T(G. T. ti, TaskSeq;. t;) =1) THEN
13. isExist=1;

14. task=G. T. ty;

15. tList=G. HashMap. List(task) ;
16. i+t

17. END IF

18.  END FOR
19. IFGsExist=0) THEN

20. WHILE(j <<= num) DO

21. G. T. add(TaskSeq;. ;) ;

22. Task=G. HashMap. List(task). add(TaskSeq;. t;) ;
23. i+t

24. END WHILE

25. END IF
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26. END WHILE
27. END FOR
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e;.0.,) =1, KR RT, PIEFE ep MR T E . KRG 4 RT. M
RT; Z B W AH A oG 2 i 8 B LW & e Z B B R E . 145
B RT, M RT, Z [a] G AALLBE . 5 40 0L BE R T B B A R R
A TR S AH R CequalRT) , A< SCHR HE 4 F 248 56, F AL I IR A
ARARLE A BB 15y 0.5,

TE LB B IR A AR LE R b, TR A WA T R
AR FIWRL AN T, B L A DT 3R AR S AT R A
B G5 P B (path) FIZE 44 (classname) J& A AH [7] s 2R )5, H)
Wi PG A~ T A S0 02 75 AR AL T 3 AW 4 AR L TR T vk
KPR, Y HEACE WA JCER AL E F2E 2 8 M A LS AR
LB, BT E AR ]

min(e,, . . x5€..,.2)

.Jz‘)*pl+

simCey .y s€.0.,.) =
max(eg..,. Ts€j.0.,

min(eg. .. ys€ji.,.y) N
max(ep..q. Vs€j.0re y)

Pt

min(ey,;., . width,e; ... width)
max(e,.;.,. width,e; ., . width)

% pst

min(ey.;.,. heightse; ;... height) N

max(ey,.,. heighte;,., . height) !

2

N AR 4 AR B ACR AL 4 A B4 43 B T T

B erang s ey WRBTAER YA AR bR | S0 B2 A BE A AR . s

EEMMARE AR ZRAHATBE AR pospssps s p IR

H 0,25, MFRUEE sim KT B I A B J6 R A ] A
SCAR AR P 22 36, 4 0 AR LR Y BB 0. 6.

5 MK AGIRENE AP 1TH TIERIKE

ASCHE R T AE TR AT 0 APT @A 5 AT 7 ik
TE Activity FU TS AT I 1 1A 72 25 0 S At B, 52 B0 P 484
YRS PLBIAT 5 MR 918 48 22 D A 09 P A7 2 AR U A N B 1
APT; 3 3 A48 AT o 19 77 AT R P D) e ¥ 9 T
5.1 APIRJEH#

HHIE 46 o S BE A9 P AT O AR W, A N7 X B AP
APT f15E XA0F

EX S HBFHL) MHBRFH#HOERN API=
{(Params,G), ./ Params F&7n AP1 B A, BV H P 478 T

YEW G T A M ABES BN RS (g L 2), KR A Pa-
rams= {{ param, : input, ) » { params : inputy ) 5 ***
put,) s HH input, ®on G R @ A setTear BEVER A S 5L
param; (E ;G Fox AP XN 0938 € DI RE 0 H P AT TAER .
5.2 API BI#U4T

TE Activity FLHZ AT B FPF 0 R 25 4 g L il 1, 3 T
BRI HLR 52 BLERAS ] P B BB ILEIAT . B-AE Operation
BIPAT 5 A0 8 2 L ARG AT B R A R 5 4 R AR Y 0 e
TER G X R BB e ref s Hok ARG ERAEME T R
e T E %1% (Operation. path) s EN T K e £ R G Xt B X
051 e.ref s i) BT IHE R HLE L 8 ] View 2552 4
f¥) dispatchTouchEvent J5 ¥ 8% TextView 2K 5Z i i setText
70 W S P R AE onClick 8% set Text WIREALIHAT .

M4l APT XN B FH P AT R TAE 3L G B3 H P AT 8 /Y
Jr =G IR A S RE . APTHAAT BB B vk 3 Fos . Hof A
H—A> APT I SE ], cask 48 1 AP T ARG P BIAE 55 . List
FETH task W PTH JG 984T 55 . SR IRAR ANGEE 3 i,

(DWIARIAE 55 563 (List (LA 1 47) . % APT AR Y
LSS IMABUE 55 853K (Lise

(2) Y WF Activity FUIHI 75 % Az 8 A6 O 5 At H#CfF R &
ZER (LA 3—5 7). 2 Activity FI & A= A AL B, AR 5 24 1
Activity BTG re froo o IS S 1 Tl HOZ AT B ERMF R R 45
¥ RT,

() AR fik & 2% 1 0 W R AT 09 P B AE (DL 38 6 — 7
1) 15 YkAT 55 55 3 ¢List, UM SR/ Activity (A TR
RT B/ EGALS api. G T. oo WAl R 5 A% ¢ RT M, 5 A
[&] 0 0 AT 25 3R 4,

(DO H P AR IAT (WLEE 8 — 15 47) . 4% task $8 IH]
api.G. Tt FFFIWT task B9 P ERAERERY, 27 0 % A H84E
Wi\ APT 19 Params W HUCH X R /) input V8 R i A S48,
TTRAAE . 2 R S B 1 R A S BO8 nud, AT IR BRAE
SRIG BT 55 55 R tList,

GYEEPATH 2—4 2, A BB I B AE HAR Activi-
Ly, BB} tList %S,

B3 APLAAL

B : APT api

. { param, : in-

it : go to the target activity

SE X

G : the user-behavior workflow.

task: the pointer that points to the current task in the API workflow.
tList:the set that contains all subsequent tasks of task.

RT:the runtime software architecture.

1. tList. add(api. G. T. t1) ;

2.1=1;

3. WHILE(true) DO

4. IF(Activity is changed) THEN

5. RT =%3% 1(refroot) ;

6. FOR(G. T. tk in tList) DO

7. IF(equalRT(RT,api. G. T. tk. RT)=1) THEN

8. task=api. G. T. tk ;

9. IF (task. operation. type=setText) THEN

10. performOperation(task. operation, api. Params. inputi) ;
11. i++;

12. ELSE IF (task. operation. type=onClick) THEN
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13. performOperation(task. operation,null) ;
14. END IF
15. tList=api. G. HashMap. List(task) ;
16. END IF
17. END IF
18. IF(tList=nulD) THEN
19. break;
20. END IF
21. ENDIF

22. END WHILE
6 FiEEM
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