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Extract Method refactoring recommendation
using method name prediction

JINTO YAMANAKAL®)  YASUHIRO HAYASEDP)  TOSHIYUKI AMAGASAL:©)

Abstract: Refactoring is an important activity in software development, and Extract Method refactoring
is known to be one of the most commonly applied refactoring. In some previous studies about recommen-
dation code to be refactored for the purpose of supporting Extract Method refactoring, the recommended
candidates are ranked by obtaining metrics from the original method and the code fragment to be extracted,
respectively. In this study, we try to improve the recommendation accuracy of Extract Method refactoring
by considering not only the metrics used in the previous studies, but also whether the code fragments to be
extracted have semantic clusters that can be given clear method names. As a criterion for the ease of giving
a clear method name, we use the confidence of the predicted method name for the code fragment output by
the method name prediction approach, ”code2seq”. We made a change to the Extract Method refactoring
recommendation method "GEMS” by adding the confidence of the predicted method name, and confirmed
that the recommendation accuracy was improved.
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1 void printOwing (){

2 printBanner ();

3

4 //print details

5 System.out.printIn(”name: ” + _name);

6 System.out.printIn(”amount: ” + getOutstanding());
7}

1 void printOwing(){

2 printBanner ();

3 printDetails (getOutstanding ());

4}

5

6 void printDetails(double outstanding){

7 System.out.printIn (”name: ” + _name);

8 System.out.printIn (”amount: ” + getOutstanding ());
9}

1 AYY REY 772749 v 7OH
Fig. 1 Example of Extract Method refactoring
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Fig. 2 Overview of the proposed method
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x 1 GEMS MERT 2 MG R R
Table 1 Structural features generated by GEMS
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T 4=V RADT 7 A NUM_FIELD_AC CON_FIELD_ACC)
RASLDE NUM_ASSIGN CON_ASSIGN
BEFO SO 75 AERZORK NUM_TYPED_ELE CON_TYPED_ELE
SBT3 5 —I%K NUM_PACKAGE CON_PACKAGE
assert XD CON_ASSERT n/a

HIHITEA Y Y RD I — RAFEUTK§ 2 Hlidifsesdid 2 — RI7EDOEE | RATIO_LOC

= 2 GEMS 24T 5 HREAR R
Table 2 Functional features generated by GEMS
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K RATIO_FIELD_ACCESS FIELD_COHESION
RATIO_FIELD_ACCESS2 FIELD_COHESION2

AV R RATIO_INVOCATION INVOCATION_COHESION

" RATIO_TYPE_ACCESS TYPEAC_COHESION
RATIO_TYPE_ACCESS2 TYPEAC_COHESION2
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Koy oy RATIO_PACKAGE PACKAGE_COHESION
RATIO_PACKAGE2 PACKAGE_COHESION2

4.3 FHEIEE

FeATWIZE 8], [9] L FABRIZ, 4.2 HiD 130 DK A Y v R
NG 2 B 5 ETCOWBREREZMFHL T, #HER, H
I, FED 3 >0EEE W THRE2 J i+ 5. 22T,
WEXNDHEBEMIEET, V772X ) v ITTRETH
BEDEINEZEDTHDL VD ZEIZEBRVPBETH
5. AR, HEINZHREEORBUIN LT, HiE
FERMNIEU Do Mo E &2 . HEEE, 15560
V77 27R)VITRFITHUT, EBICHEBEINZSFRO
HEEET. FHEITEAR BEKROFMMEHTHY, F
HEOWERE L L THVWSND.
WENROIEZ T 5 & &, Jfrise (8], [9] 2iik>
T, I—RTORXEDE 2 AT LHIPADIEE L UTHA
ELHATHREVOMERZBATS. HHTIHEEX 1%,
2%, 3%D 3NZ—2THY, LD AY v RIFEIZHF
KEZE, MR Y)Y B 72 @RHFRITHE 2 5.
BIZIE 047D AV Y RINE X 6NIGEIC, HFREN 3%
D& E, 50%0.03=1.5 £ 85720, FHRTEIE 21785,
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ZDEE, EUWHERERTE £ 2 f70ORE %2 RO fld £
LWHRTHDEHRD.

72, MEEZMAGEEMABISRIGEZTNEN
DETIMZDNT, FR/MWENFIIZENIZEEHRL TV
L ERL DI, BEEOEEE2FANS. BEEDOE
BEF I, scikit-learn DA T — AT ¢ ¥ g AKE T IV
PWEHTZY_EEEE2HVD., FEEDY —EHEENE
WY, TORBEIFEETHD LARIND.

4.4 ERER
4.4.1 FHMIEEDLER

MR 2 MR U 2265 R 2 R 3 ITRT. ZDRDI B,
MEEERLERIDINTVDETIIEZ GEMS OFEEED
APOIERINZETINERLTEY, HEEDY LKL
INTHWBETINIL GEMS ORHEEIZ code2seq 12 & B
BEZMALZETNVEZEREL TV, 130D AV v RITH
T3 EAL 5 E TOHRBREROAFBUL, HEERLDOE
TIVOHEIE ST, HEED YD DETIVOEHAEIL 564 {H
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Table 3 Comparison of evaluation metrics

5N | #mE | ek | mBE | FiE
AW 0.08757 | 0.32258 | 0.13774
. 1% 0.21191 0.45806 | 0.28977
elErE A L 0
2% 0.21366 0.46452 0.29269
3% 0.22067 | 0.48387 | 0.30310
BU 0.09574 | 0.34839 | 0.15021
. 1% 0.21986 0.52258 | 0.30950
el B ) 0
2% 0.22518 0.52903 | 0.31590
3% 0.23227 | 0.54839 | 0.32632
Lo,

#£3&Y, WEEZEHLAPZEELIELT,
FEZHEALZGEOEEGE, BHE, FMHElE, COFHA
BIZBWTE ERLTWEZ e n»5. FHEIFTEEN
BUDEEIIR 1.25 BA VN, 1%DEEIEH 1.97 K1 >~
b, 2~3%DEEIEM 232 KAV N ERLTWS. F/-,
HEERICIEANFHERED ERIEMKE L, FERENZLDS
ElIFH 258 A VN, 1~3%DEGEIFH 6.45 KA1V~ k
HLTW5.

I T, AR TIEETWEIM- TFEET—ZDEF &
EHOBENIZFLAEEULRBZEDIZUTETIVOMER
FoTVBH, BETIEAY Y RNSELND M ED
%<1, HHEITAREITIERZVWEWOKERIZOEINSD & H
A7, TTFIVERRO LR & QB0 RIZHFEIZ
BILTWARAWEEZLNS., &> T, HAROEIEDETE
PEIEHBRERBIZEARNTENEZEZ OND SIZERENBET
H5.

4.4.2 BFHEDEEEDLEH

TNTNDOETNICE T D REEOEEED EAL 10
LTS, BEEZHEHLULTCOAEVWETIVOEEE £
412, TEE2EHUAETIVOEEE2E S IIRT. &£
5128V T, CODE2SEQ._CONFIDENCE I3 @Z T Thll
A 72 code2seq \Z L DEEEZRT.

A4 &Y, EFNVCHBEXFEHALAVGS, REE
EEDEHWRHEIL TYPEDELE_.COHESION TH Y, A
712015175 B> TWb., F72, 2FKHICEEEDS
W NUM_TYPED.ELE ¥ DA 7 D, #2.67 KAV
NCHD. —KH, £5&Y, TFIVIHEEZMHEHL -5
&, MEEPREEEEDGVRHBEL Z->TWVE., 20
HEEDOAITIE, R4DOmEAMDAIT 24 14.84 KA
v M ERZ 0.30011 £ 2>THY, 2FBHICEBEEDFE
TYPEDELE_COHESION & D A 37 D #13#) 14.43 RA
VETHS.

4.5 ER

441/ &Y, ETOHFEEICESWTFENEFLTHY
B EMD, HEEZMADZIETAY Y RillBY 772
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Table 4 Feature importance for models without the confidence

gL R L
1 | TYPEDELE_COHESION 0.15175
2 | NUM_TYPED_ELE 0.12510
3 | RATIO_LOC 0.10388
4 | INVOCATION_COHESION | 0.09432
5 | NUM_PACKAGE 0.09407
6 | CON_LOC 0.05041
7 | NUM_TYPE_AC 0.04943
8 | VARAC_COHESION 0.04165
9 | CON.TYPED_ELE 0.03155

10 | CON_PACKAGE 0.03067

K5 MEEEHEHLAETNVOERE

Table 5 Feature importance of model with the confidence

JIE AL R HE
1 | CODE2SEQ_-CONFIDENCE 0.30011
2 | TYPEDELE_COHESION 0.15584
3 | INVOCATION_COHESION 0.08658
4 | NUM_PACKAGE 0.07611
5 | RATIO_.LOC 0.05153
6 | NUM_.INVOCATION 0.04172
7 | NUM_VAR_AC 0.03058
8 | NUM_TYPE_AC 0.02505
9 | RATIO_-TYPE_ACCESS 0.02409

10 | LOC_LEXTRACTED_METHOD | 0.02188

2 TOREREELEUETIDI NS>, /7,
HWERIIANFHRKRD ERENIKEIN 22805, HE
EIEHEICBWT, BT REY 777 2) v 7550/
MREGEGDDIHIRENPKEINEEZOLND. X5IT, 442/
HOMRL Y, 2TORBEOT TEREENTFHIZE W
TREI<SHL TS EE R 5.

code2seq &, AV NOMXHLENS, YV —Ad—ROD
BEIRARIEREER/TLIZETAYY R&GETFHIT 20
HSMWBEERE->TWD. code2seq DREZED AN RliH Y
7778 TONRERETL2DITENTHZHE L L
T, ZOMEIZE-ST, filtifrdloa— R, V772
2T, BEEEEFIIAL® T VL D BRI £
EFEVEFHSTVWENESIPERHWHTETWAEZZDTHD
EEZLND. VIT IR VITDEFER>/-a—RE
EZNLIND T — R DT, HEREDKS I IZHIERE
WHDMME I NEFHNRD DL, 4.1 HiTEHT—2 0
SIER U 72 EH & Bl ZnZEnoiHa— RT3,
WS DmAME, w/ME, VFIAHE, fRfEzkd, HiKkz
79, ROLMEDOHBHIREZRK 6 ITRT. £6 XD, Afl
DOEAZEIZILART, EGIOMAS T BoME, FYaE, dk
EBARER>THY, V77 7RV T7INd LD EEKN
BREFLFEFDRFSZI-—RTHDIFY, WEEITEERD
fERMBdH 2 LEZLND.
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Table 6 Comparison of the confidence between correct and incorrect data

F0V || BeKfE /IME SEYgE Fp LA
EHI 0.67956 | 5.9918 x 10~15 | 6.3695 x 10~2 | 3.6578 x 10~3
=011 0.76879 | 3.2844 x 10~ 18 | 1.1233 x 10~2 | 4.9674 x 10~7

5. FEHESEDRE

AR TIE, AVY REFUFIED code2seq iIZ& > T,
M ERO I — REDIHERAY v R EATONE &5
RERNEZFLEFDZFEONE SN EERTLHI LT, A
Vo RHHY) 77 720D VT OHERE 2 WET D HEE
BELUZ., BMETFIED GEMS 2R L, HEIZHWS T
HIE T IVOREIZ code2seq WEH T DMEEEZIMZ 2
ZLT, BEOWENROND NEMGEL 7.

MEEEZMAZETIVEMARNSEZETILVDETNEN

ZRALT, V772420 V7 ROHERERE % 39 U
BRI DEBREIT >, FROME, FHET IV ORERIZ

MEEZMAS Z LT, HERKENM LTSI L 2MHRT
X7z,

SHBROBPEE LT, EHT A 2R, D KER
T—RY Y NTETINOMELZITS ZLeMWBIToNd. F
7z, A% Tl code2seq AV EALIZ TR L 72 AV v RED
FEDOAEMAL A, EAEBMHEOTFHAY v RE4D
X, TOMEERLOES %7~ IR EIEMNT
528T, FHEEMRL TS ZEERFTLTOEZO,
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