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A Code Recommendation Method Using RNN Based on
Interaction History

Heetae Cho' - Seonah Lee™ - Sungwon Kang™

ABSTRACT

Developers spend a significant amount of time exploring and trying to understand source code to find a source location to modify. To
reduce such time, existing studies have recommended the source location using statistical language model techniques. However, in these
techniques, the recommendation does not occur if input data does not exactly match with learned data. In this paper, we propose a code
location recommendation method using Recurrent Neural Networks and interaction histories, which does not have the above problem of the
existing techniques. Our method achieved an average precision of 91% and an average recall of 71%, thereby reducing time for searching

and exploring code more than the existing recommendation techniques.
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Fig. 1. Operation of Simple Recurrent Neural Network
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- <InteractionHistory Version="1" Id="https:/ /bugs.eclipse.org/bugs-204358">

<InteractionEvent StructureKind="java"
StructureHandle="=org.eclipse.compare/compare&lt;org.eclipse.compare
{CompareViewerPane.java" StartDate="2007-10-12 10:43:42.218 CEST"
Originld="org.eclipse.jdt.ui.CompilationUnitEditor" Navigation="null"
Kind="selection" Interest="25.0" EndDate="2007-10-12 11:59:44.109 CEST"
Delta="null'/>

<InteractionEvent StructureKind="java"
StructureHandle="=org.eclipse.compare/compare&lt;org.eclipse.compare"
StartDate="2007-10-12 10:43:42.218 CEST"
OriginId="org.eclipse.mylyn.core.model.interest.propagation"
Navigation="org.eclipse.mylyn.core.model.edges.containment"
Kind="propagation" Interest="154.69897" EndDate="2007-10-12 11:59:46.953
CEST" Delta="null"/>

Fig. 2. Example of Interaction History
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Fig. 3. Preprocessing of Interaction Histories
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Fig. 4. Example of Data Pair
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Fig. 5. Model Overview

4)

=12~
4 &%

_q]

i) 1“5
JQL'

4o H

=

MlN‘

a9,

F< AAgE 27159 volH 4 &
& 70%E 3t dolHE ARgstiith g
I+ PyTorchel F@¥¢] ¢+ Equation (3)22 7
CrossEntropy & AFH&-sl9120.™, 22 3}51= Adam[11

=)

0 o

=
=

Fﬂﬁ oo

5

—

KR
=



404 HEXMESR=2X/AZER0 2 HI0IH S M73 X12z=(2018. 12)

Cross Entropy
N

_ _]LVE[ynlogg;Jr(l—yn)log(l_é)] &)

n=1

Equation (3)°14 N& 2E Aol 7|4E on|ict y
T 4= dolee] tid AgS xds wEHE AgdAl 1
A 09 7S 7, N9 27| & 7HT y, & A WHy
o nA 7+ YEhE, yo d ¢ o
S Rl o] A= g o] 10]HA] yol 1o ALY 4, ©]

®
o

001 A yol 0o ZHFTHH 0o 77k FF whdhaln 4 o]
Lo yol 0ol 887 y, 0] 0ol yol 1o LH T
= Rl AR

it

lo, v
oY

i)
> o
>

= o
Z
HoH oo

Sbogy do o w2l %
i to rlo W

w

=

o
Y

=i
Eia=
Ashed], oju FEEsH F
| Equation (4= AAHE 3z

JeEC] 90%E HE Wit FHs)

e
it

o ¥ X m
L
o
N
ol
o,
~N
2 i)
]!

32 lo

o

Softmaz (y,) =

9 2AolA y;
gk e &

rir
jins
i
=
H =
0
3l
e
1o
i
B
s ofN
E
=
=,
o

4. 88 A
2 ANE 49 B 2ad s 4T AR 299
o AN, dde) e dPan

41 A7 HE
¥ AT 482 B olel ARES BTG

RQL. RNNE S ARG-gE 319 52
RQ2. RNNE o] Al45= welnHEe nwde] skt
o3l S 1=

SAA ol N-gram¥}e]

B
o
2
id

=

={

~
N

o
B Qe 43
[e]

SofoF 3vi,

ECF, MDT, Mylyn, PDE, Platform, Others Z2AE°] 52zt
7155 AES7IZ2 A4St Othersw M4 57 Z2AE
o]¢]¢] oy ZRAE FATERE JFA AL 9}
Table 12 7} Z2AE|| st Ax g o]F eI
E Ao N4E HoFrh 4 22 AE d2 w45 ]
o] 7t t27] wiiel AgE wolg o] gl A Ao
vt dolg o] 7 B L2 AEE Mylynol™d 714
& ZZAHELE PDEO|th Hit dolH 49 Mg
3627770 olt}. 7t Z2AE W AA oy Ao N F
Jog FET 10%E 22| g dolHE AMEsgom,

woA] 30%+= St Rde] HAE HolHE ARSI

jn}

o

|

47

Jt

N

]_

RO

Table 1. Number of Data After Preprocessing

Projects ECF | MDT | Mylyn | PDE | Platform | Others

Number of

. 8425 | 17565 | 51471 | 4384 | 25359 | 45159
training data

Number of

3612 | 7529 | 22059 | 1879 10869 | 19354
test data

Total 12037 | 25094 | 73530 | 6263 | 36228 | 64513
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Projects ECF | MDT |Mylyn | PDE |Platform | Others
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rate

precision 09 | 091 | 084 | 087 | 092 | 093

recall 089 | 071 | 050 | 074 | 070 | 0.72

52 RQ2 - RNNZEol| AtE=E
st&oll of w2t
92+ RNNE Y] 8 Qs T2 A E ECFE that

9, ASe] 27,

5t ot

YAt} Table 3& 7 shepule

mZlolese 28

o=

Ao e 288 1

39 W 7 ey

of oz 2dl ¥ Aes BolErh 2 A A 57AM 74l
A X% GRUZF 543em, AS< 27 1003 5000]
Ehuttt 3t 39 100, 500, 100001tk AAH o m= ““1
T 355 347 A4S W GRUZF LSTMEL Aso] 2
H EARE O 9] A s duE Aolzt fIsith o
2 AFY A7) 3y a7 AS w1005 500, 10004
5ol ofgh kAL olelel = 10000] 100, 500:.th 9FzF T
S As Btk v e R g 3l 103 1004te] el
A el Wz AR 1000 Foll = 5o Wk Ao §
% e Ao g ARHE addE ASAor R 1t
FGHE F9& GRUZ, AF9 A7)& 50002, g+ 34
= 10002 A4s3ct
Table 3. Result of Parameter Tuning
| fch
Size 10 100 500 1000
100 82.00 92.86 92.86 92.80
GRU 500 86.60 92.83 R.72 92.66

1000 86.07 92.41 92.36 92.36
100 76.30 92.33 92.55 92.28
LSTM 500 83.94 92.05 92.03 92.03
1000 83.67 91.81 91.69 91.67

53 RQ3 - RNNZE 1} 7|& SH A oojzEol
N-gramzte| xto|= FAdelrf?

2l RNNE 23 N-gram®] #}o]7} o] = FHoj] A 1A
shEvt digk =9 & et N-grame N7§ 9] ¢} o
olelel tig A Hlo|HE gFdte] TAH R Y gt
AEE o=t 2oty NS 322 M43 tri-gram 29

< 39 94F dolHE ZeEn F o A9 F AE
o] AAYHAL tri-gram¥ FH3}rh webA e 2d
el fFEste] =oE A SE& 2o RNNE23} N-gram?|
W 2 oabele REo gy W Adke] EE i 9l
o 48 gt RNNE%% tolel & WE s} ate] 7kEA

¢

i

shel WY F& Bal whel AFEAE A 5] v
2ol gesE dolge] WE} nzatw Ad FUG A3t
£ 90 A% 7129 Ngrame 74242 A8
e FAA Sgow, dolHg wWH dudE QE:
dolel7t S el wlojEl st HsA AR eA Fow Aol
Feo] WAEA g the Aol

Fig. 67} 7€ 9% 815 Hlo]el & A-5}o] RNN3 tri-gram
o AeEsl AREL wad 2eZolth, Fig. 594 RNNS
A8 3} N-gram AHEF 2 14 areg vade

—gram =k
o}, shA e Fig. 701]/\1 des H]E;E% Lﬂ RNNE *}f“ﬂ
(e}

ol
20| N-gram®. o] v H o) ol $58E 2 5 9k

f
)
:;1,
%
D
E
o
BN
H
OO
Q\C
o
;
lo,
)
K‘l

Of



406 JEMESR=2X/AZER0 X OI0IH St M73 X12z=(2018. 12)

Precision

ECF MDT Mykn PDE Platform Others

Otri-gram  MRNN

Fig. 6. Precision of N-gram and RNN
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