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Functionalities Extracted from Source Code

MAsASHI NisHIMOTO!  HIDEYUKI KawaBATA! TETSUO HIRONAKA!

Abstract: A program, in general, comprises of many functionalities. In order to maintain and/or extend
a program, a programmer is required to grasp how each functionality is implemented. Generally speaking,
detailed analyses of a lengthy program for understanding which part of one functionality is described where,
how multiple functionalities are merged, and what kinds of APIs are used, are burden on programmers. In
order to alleviate the situation, we propose a method of classifying sentences of which a program consists, and
a way to show the information in a comprehensive manner. We designed and developed a prototype tool that
itemizes summaries of functionalities extracted from source code. Our tool accepts programs consisting of
functionalities that are composed by using library APIs. The tool utilizes a graph representation of program
structure dealing with unordered set of sentences to analyze source code to extract functionalities described
by sentences scattered over multiple methods. The results of preliminary experiments confirm that the tool
is effective for finding out important sentences for maintenance purpose from application programs.
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public class Samplel extends Activity {

@Override
public void onCreate(Bundle savedInstanceState) {

a: mPowerManager = (PowerManager) getSystemService(POWER_SERVICE);
b: mEditText = (EditText) findViewByld(id.edittext);
c¢: mWakelLock = mPowerManager.newWakelLock(
PowerManager.SCREEN_BRIGHT_WAKE_LOCK, getClass().getName());
¥

@Override
protected void onResume() {
d: String text = mEditText.getText().toString();
e: if(!text.isEmpty()){
f: Toast.makeText(this, text, Toast.LENGTH_LONG);

¥
g: mWakeLock.acquire();
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* Copyright (C) 2010 The Android Open Source Project
B
* Licensed under the Apache License, Version 2.0 (the "Licens
*you may not use this file except in compliance with the Licer
* You may obtain a copy of the License at
«

httpi//www.apache.org/licenses/LICENSE-2.0
B
* Unless required by applicable law or agreed to in writing, sof
* distributed under the License s distributed on an "AS 15" BA
*WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, eithe
* See the License for the specific language governing permiss
* limitations under the License

*

package com.example.android.accelerometerplay;

import android.annotation.TargetApi
import android.app.Activity;
import android.content.Context;

import android.graphics.Bitmap;

3 import android.graphics.Canvas;

import android.graphics.BitmapFactory.Options;
import android.hardware.Sensor;

import android.hardware.SensorEvent;

import android.hardware.SensorEventListener
import android.hardware.SensorManager;
import android.os.Build;

import android.os.Bundle;

import android.os.PowerManager;

import android.os.PowerManager.WakeLock;

YV — A d— R “AccelerometerPlayActivity.java” (239 %1
VRSOV avTz—AIBIFS AT 5 Y RO—ERR
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54 : public class AccelerometerPlayActivity extends Activity {
@ 56 : private SimulationView mSimulationView;
® 57 : private SensorManager mSensorManager;
@58 : private PowerManager mPowerManager;
® 59 : private WindowManager mWindowManager;
® 60 : private Display mDisplay;
@ 61 : private WakeLock mWakeLock;
64 : @Override
65 : public void onCreate(Bundle savedInstanceState) {

369 : mSensorManager = (SensorManager) getSystemService(SENSOR_SERVICE);
@72 : mPowerManager = (PowerManager) getSystemService(POWER_SERVICE);
® 75 : mWindowManager = (WindowManager) getSystemService(WINDOW_SERVICE);
® 76 : mDisplay = mWindowManager.getDefaultDisplay();
@79 : mWakeLock = mPowerManager.newWakelock(
PowerManager.SCREEN_BRIGHT_WAKE_LOCK, getClass().getName());

@83 : mSimulationView = new SimulationView(this);
@84 : mSimulationView.setBackgroundResource(R.drawable.wood);

86 :

D
88 : @Override
89 : protected void onResume() {

@96 : mWakeLock.acquire();
@99 : mSimulationView.startSimulation();
100:

}
102: @Override
103: protected void onPause() {

@ 111: mSimulationView.stopSimulation();
@ 114: mWakeLock.release();
115:
117: class SimulationView extends FrameLayout implements SensorEventListener {
® 125: private Sensor mAccelerometer;
312: public void startSimulation() {
® 320: mSensorManager.registerListener(
this, mAccelerometer, SensorManager.SENSOR_DELAY_GAME);
321: 3
323: public void stopSimulation() {
@ 324: mSensorManager.unregisterListener(this);
325: ¥
327: public SimulationView(Context context) {
® 329: mAccelerometer = mSensorManager.getDefaultSensor(
Sensor. TYPE_ACCELEROMETER);
346: >
358: @Override
359: public void onSensorChanged(SensorEvent event) {
® 371: switch (mDisplay.getRotation()) {
388: 3
389: 1S
428: 3
429:3

B8 HM7D2~5FHDXT I IIRDTA T V)BEREDXELD
Gl & AT % /R U 72 “AccelerometerPlayActivity.java” DY —
Ad— Ry
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BOMRE BROL 1T U N, BIEEESE) BNEENTS
Y, 2,3 4, 5BHDOIA T VHKREL DRIEIZENDH D
EEZOEND. BEY NNV RET DI XESR,
MR, 2—VIZ > THENRG R T A 7 V) HERED Bl
EROTVWBAREMER BV EE X OND.

4.2.2 #HE2
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A3, 2BHDRT IS RDIA TV BEEITY =1
sy ZEEEICEET 2R E N, (“wake”, “lock”) A3
MIGLWEEZH6ND. FRRIZ, 3, 4, 5iZENZTNIH
ExYY, VAT DN, WAROBEEODME OIS IZET
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view get set display 2

power manager : -
wake mSensorManager.unregisterListener(this)
|‘OC|< service new activity

SENSOI manager get (sensor TYPE ACCE
Set VIeW aciiity content

9 YV —AId— R “AccelerometerPlayActivity.java” (239 %
VRS avITz—RIBITS 3IEHDET I T RDE
Rz

LB TH Y, (“sensor”, “accelerometer”), (“layout”),
(“display”, “rotation”, “get”) AMHIE LW EFE R 65N 5.
INLDRRT T 5D ROHFER, M T7OREY =IO
FEAWEAICSIT BT 7T 0 RIZEEFNTVEEDNRE W
M, ERIZFRINTODEDREIADRN. REY —IUIE
WCA—FIHRRT DX 77T 0 RIE, BRZLTHDN
BEEDRMMNH D LR B.
4.2.3 B3
FREY —IZDOWT, B3 IZEDVTHHEiZ/T>. B
ENZIE, RSF, FREROZBHEH O —FIIZH W TREY =)L %
AAEL, BAEZET 5.

o {RSF AccelerometerPlay[2] DY —A 1 — RIZx L, Sl
WL Y ORGEMEEZFAETIBEZMAS I L%
EAH. BEY-NVIZEHALUAMBRTHOIR T OH
HAED 5% L SIEHIZEkD, 3FEHDX 75T R
N VY OEHBPIFICBET D2 L HEMIT X 5.
IH/EEEIRTNIE, KoDLDIZ, IMEER VYD
HED LR EF (57, 69, 125, 320, 324, 329 f7H) A
BHIND. INOOFBEFNOAZMRT L, £
A E AT (320 17 H O AT E E 2 SensorMan-
ager.SENSOR_DELAY_GAME) =¥ ETE5. Ih
£V, ERHETEBEZITAS LHFTES.

o AR BAFEE DIEEEF DY — 2 T — RIZX U, Accelerom-
eterPlay[2] 2 2#(2, IHEX VY OMREZENT S
ZLeEEZDL. RFLFAMKDFIET 3 FEDE T D
RZEINT B &, ML v Y OBED R EAT (57,
69, 125, 320, 324, 329 17H) AP INd. ZNHD
Gl E A, FEENICADETEIEL THELE
HOY —22—RIZHHATES. Zhsy, EEe
VY ORBEZERETEMNELETE L LEZIL6ND.

PAEIZEY, LRPPHERICIREY —IVE WD &, DR

WEZE, BRITINS 2175 ZEPHRD L FE R H6N5.
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connectivity get  » R
network info type

manager service active

activity system context is connected

wifi mobile

context get string

fragment manager

find by ld activity get support

B 10 YV —AJ— K “MainActivity.java” IZ6F 240 V&I 7 3
VI —RIBFBRT I T RO—ERR

get camera a ‘ 2
capture e '
f

request s
builder

e size im
t

bundle alert
, fragment
set string get argume
base activity on click liste
put create positive button me
finish r ok interface

fragment get chilc +  *mominsn

manager string dialog show

11 YV —AJ— R “Camera2BasicFragment.java’ (Zxt 9 % -
VAZ Y av Tz —RIBIRRT T RO—ERR

4.3 ZE17#l 2 : BasicNetworking

BasicNetworking 1%, % M7 — 27 Eki & 3 2 Hik
BRIV UVINT IV r—2avThd. ZOT ) Ir—
¥avdY—AId— R “MainActivity.java” O 3 A ¥ MME
NS, Z0OYV—2A3—RIZIE, v MT—27 ORI
MR T ORERE, 79 VAV MNEBE (1 ha XY av D
FRAE O T DFRRH) FENELEINTND Z NG5,

10 12 “MainActivity.java” 120321 VX5 7> a v
72— RIZETBETHIZRT. Bl 1IZE O TEERED
XHEAL LUTHHEIND 2%, BE 2128V TARERE
KITHENEMIZERIND Z 2 %, B3 IZPVTHE
RO E D BRMEETIHETE S 2 L 2R L 7.

4.4 247l 3 : Camera2Basic

Camera2Basic &, 7 A 7 OMHHEEZRTY Y TINT
Vr—vavthd. ZOT7TVr—varvoy—Ad—
R “Camera2BasicFragment.java” D J X ¥ MERNS, Z
DY —AI—=RIZIE, WATHERE, 4TI T TAY
NEBE (WA T TOERHE LT — AV —Y &R
) ENRFEHEINTVWD IR nd. /2, 774 THHE
i, T o —EER OGP, TEOY, TEO
RIFL VD AT Y THFHET D 2 LM GAINS.

11 12, “Camera2BasicFragment.java” (ZX 9251 »
BI0varv7z—RIBIFFETHERT. Bl 1IlH
WTC, XTI T 572V MEREDSUES & UTHI
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INBDZLEMWRLZ. —HT, IATHEROXELT,
BATYTOHBRERTEHEATNS 2OV A ANKEL,
BRED ARG EBEREDBALIZ R 5TV D LIKBR S R0,

F7z, RO TV MCHBIT Iy Y 2Bl E
NETHXEED, WA TR L I3OREE L U THllE X
NTWD., Zhuk, BET 7YY aDBEEDN, 771 N—
RAYVY RELTYIYHINTNE2OTHD. ZOHE
BlENATOBREIZEEND ZEDRLEE L.

B 212B50WT, &2 7257 RIZOWT, 1A THHE
%KY (“camera”) & EALICKRIND — /T, 41710
TT75 A MRER R T (“dialog”, “fragment”) DD B,
“fragment” 2¥ EALIZERRINRZNT & 2 fERL 7.

BIR 3 ITHNT, KD 2 DR NERXTHIETS
52 LR .

5. B

5.1 FHIOHS1ICETZER

421 8iTIE, K7 DREY —IVOEFEEHIZE TS 1%
HOXT 257 RDT1 T 5 )EEDXESLE, 21—WIi
O THBENARR R T4 T F ) ERED AL L > THARND
AHEMENHD L 2R, FORRD—2IZ, XEED
HHIZHWT, 2—HIZ L > THRNES BB O XHES
FLEWENIBHALUDoT12OXEEGERYD, 1207
177 V)HREE UTHIIHINTO R m0%EIT o hb.
421 8T, 1BHDEX T2 RDI1 T 5 ) ke
IZDOWTC, ZOXERIILVA T Y MIET DR, K
BIZET 2308, WHHEERICET BN EETN TS Z
LiZonTliihg, IS 30RBEEE 95 L, HHETEHR
MOHEG U 72 AR % BRER D FEREEH R U, $k3ko L
17D NOREEREIZZDOFHFMREEZFHL T Z &0
5, 3DODKEEIIAWVIZHFALH>TVWD EEZLND.
ZTAUZEY, ZD 3 DDOBEBEDEAFR LA EWITHH L
HoT1IODXEALRY, 1D2DF1 77 VHEEE LT
XN~ EZON5.
ZOMEOMIEKE UT, XESGEBENICEIL, &
DN 2 BRE 2 L — VIR T D 2 L BT o 5.

5.2 ISR 2ICHETIER

4.2.2 HIZH T D8I 2 ODFHETIE, K7 DREY —I
DEFEEICBIFZ R TII79RIE, 2—Vitk->TI1
TIVBREOMEEZ ARG IIBBETEZED LR >TVARY
TREMEDH D Z L2 DVWTHR AR, FOFRKRD—DIZ, &
SA4TIVBREOIRSD BT AHEL Y &, HEHICE
FTDHED /W EMIZERINTO D ENETOLNDS.
X 12122 DY —ATd— RDfii% IVDFG 2xR7. X 12
D4 DDXERE, TNTNRT V5T R 2~5FHD
SATIVEBEIZHIGL TV, ¥XDI1 75 ) BEEED X
FEHIZOWTEH, FROESDOXESIIHEDIR S FE M
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2EB09TI59FOA TR0 RS

< poetanager 58,7
mWakeLock : 61, 79, 96, 114

ABEDOIIITIFOIA T IIEROZ S

mSimulationView : 56, 83, 84, 99, 111

mDisplay : 60, 76

mAccelerometer : 125, 329

3BEBOYIITIFOIATINEEEDTHES 5§EU)>9'7’77'7FO)74J3W§%§EU)Q§ES

12 AccelerometerPlayActivity.java Ofii% IVDFG

B9 55l A% <, EIROTEMDEEA IFHRED L 2B
Tl Z V. HIZIX, 2BHDOTA 7TV BEEED U
FHIZDWT, A 70y ZEEOIRS T d S HRER
4 - T OWEIZ 96, 114T7HTHY, RN D/2DHD
HEMHIZBE 9 D LBEIE 58, 61, 72, T9THTH 5.

422 HiTlE, &F4 77 ) EEEOME 2 £ T DIZHIG
UWHEEX, 2B/HDA 72757 RS (“wake”, “lock”), 3
FHOD R T2 57 R¥ (“sensor”, “accelerometer”), 4 #
HD&A T2 57 RIS (ayout”), 5BFBEHDX T 57 RS
(“display”, “rotation”, “get”) THd I &Lk, I
SDHFEIZDONTE, I3 T4 77 VEROELSD T
ROTHRDOXESITFHBEINT VD Z DL,

ZOMBEEDIERE L UT, X727 F 7 ROBGEDEM
2T DI, % IVDFG (28 1) 2 HiaE D il (& 2
KBEADITEITD ZLAFEITLND.

5.3 FHMED&E S 3 ICET 2ER

4.2.3 fiTIE, BRSPRIERICIREY -V EHWD &, DR
WEZE, FRITINS %2175 Z ek WML H %
ZEIIZOWTIHRA L, X 5IABWEE, GRfFTIhS
ETD7-ODWERLE LT, BTV RDIA TV
REDY — A d— R DGR E T % 5K R BRI, Wik
T2 AT A= )NNN—DFEfE TN EbETaMNITTE D
EMETOND. ZhT kY, ki RRSHERET S
ZEMNHRB EEROND. fE, FEY —IL% Eclipse
FEDTI T4 UTHRETDZLAEITFoND. ZhiC
&Y, Eclipse 235 Y — A J— REMELEE LA
GhEdZILT, FVBEBELLEETLIZ RS M
/HInd.

6. BEEEMR

HHOIE, BEIBHALSS 7Oy 7OEAEEKEEE L
THIHT 2 FEERREELZ 7). BERMICE, Y—2Aa—
RD& 70y 7 CHEAINTOS AR L, 2580
EEEOEWTRY 7OEAZKEEL UTHIlT 5. #ilx
X, 22070y 7 THAINZERHOBEHAES R
TIEEZEAL, TOREEICI)EEZ IOy VESER
ETD. ZHTEY, [ERISGGELZGHFAE Eo 7Ty
JHEAERREEE LTI T2 Z e 3k, BREDERD
WEIX, SHOLOFEIZTaY 7 ThY, #HBEY—IVEX
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THhd. SiHODFEIIBERE L EREICHE TS vtk
MNHdN, RBEY-IVIEZOMELZMITS. —HT,
TOY 7 I3HEENER LY — AT - RFDEETH
Y, HHODOFERIIINEZE LY —AT— REfEDE
BETD kD,

SESIE, BECHAL DS XOEESEHREL UTHIH
TERFERELUL 9. BEWIZE, YV—Z232—Kk»5H
HHLUZPDGIZBEWT, ELMEAT A ARELTDES
075 LhATA AEMEL, XOEEEOHENTOT T L
ATAADELSEREEE UTHIET S, LS DFIEIKA
Vo REBEWTHRI N Z LT 2 Z L3 skawn
M, RBEY IV ORESZ RIS 5.

7. FEHESEDRE

AR TIE, 0TI ADRFRIIRICB O TRED Z
A 75 ) BERE DGR fE Al DR SN B L 2 B B U,
V—Ad— RMfiR% BT Y —IIVD&KGE - EEIT o7~
BEY-NVEATI2 7 e UTHEI/EMALD S API
OERIZERL, TR FZT T T2 R—AL ULIXES
FHEFERICEYD, AV Y REREBATHEBEIZEEYT 5 X
LEEME LTI —PFITRRT D Z & HFKS. FHMIC &
D, BEY —IVE WS & REE ORERE D Sk fE AT D 62 1
EILAMZBMT IR H S Z L 2R TE /.

SHOMEEL UT, BEELZBERICAEIL, X/
THEREE I — VIR T2 Z L EMNEITOENDG.
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