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Abstract: With the advance of intelligent learning techniques applied in diverse fields in software engineering, intelligent software
development attracts increasing global attention. For various programming codes, there usually exist contextual relationships explicitly or
implicitly among code lines. If the next code line or lines can be recommended to program developers according to the existing code lines,
then it will not only help the developer to complete the development task better, but also improve the efficiency of software development.
However, most existing approaches only focus on code repair or completion, which seldom considers how to meet the demand of
recommending code lines based on contextual information. To solve this problem, a feasible solution is using deep learning methods to
extract the relevant context factors of code lines through mining hidden context information based on the existing massive source data.
Therefore, this paper proposes a novel approach based on deep learning for onsite programming. In this approach, the contextual
relationships among various code lines are learned from existing large-scale code data sets and then Top-N code lines are recommended to
programmers. The approach utilizes the well-known RNN Encoder-Decoder framework, which can encode several lines of code to a
vector with context-aware information, and then obtain new code lines based on the context vector. Finally, the approach is empirically
evaluated with a large-scale code line data set collected from the open source platform. The study results show that the proposed approach
can recommend the relevant code lines to developers according to the existing context, and the accuracy value is approaching to 60%. In
addition, the MRR value is about 0.3, indicating that the recommended items are ranked in the top of the N recommended results.

Key words: onsite programming; source code context; code line; deep learning; RNN Encoder-Decoder
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Fig.1 Recurrent neural network. The left is the RNN, drawn using the loop join. The right is the expanded

structure diagram
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Fig.2 A complete flow chart of data quality evaluation for a method block
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Table 2 Uniform processing rules for basic data types in Java

R 2 Java A HE R 48— A AL B
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HER (g G CREFE AT QUSLYEp
byte byte type 0 byteb="a"; byte byte_type = 0;
short short_type -1 short s = 100; short short_type = -1;
int int_type 1 inti=0; int int_type = 1;
long long_type 10 long 1 =1000; long long_type = 10;
float float_type -0.1 float £ =1000; float float_type =-0.1;
double double type 0.1 double d =0.01; double double_type =0.01;
char char_type ‘a’ char c='c'; char char_type ='a';
boolean  boolean_type true boolean b = false; boolean boolean_type = true;
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REWAF I R 4. i, List resultList = new ArrayList(); 58— WAL Z J5 N4 List list = new ArraylList();.[A
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public int getMostlList(List<Integer> list){ L . X )
int index = @: public int getMostList(List<Integer> list<integers){
int max = @; :> int int_type = 1;
for(int i=0;iclist.size();is+){ a8t ant_type = 1;. o o
if(max ¢ list.get(i)){ for int int_type=8 int_type<list<integer>.size int_type++
max = list.get(i); if int_type < list<integer>.get(int_type)
Index = i° int_type = list<integer>.get(int_type)
} int_type = int_type
} .
return index; return int_type
} }

Fig.3 An example of unifying source code
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Fig.4 A structure diagram of data processing module in onsite programming
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Fig.6 A sample of RNN Encoder-Decoder Model Applied to Code Lines
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B R0 28U SRR R S T attention AR 3 I T S R R AN IR 20 60— I 0 LR R AT AR A, 1 T 15
B &R TRIACHS AT BT 45 RNN #84 1000 4B A 7, il N I ZERE ¥ B oA 120 4207 R HodE 42 AR K,
N Y S 4 e A TR AT U R, A SCRR s 3R Y 3R /N AR AR A 10000 37 [ i A T S RS R R /R BT A A TR T
fifi Fl DAL BB P IE FREEE (MBGD) SK#AT S8R 2500k B 3h il B 2% S R ik KN CRI&Hikix
HISEBI%) B 100.

ARSI A SCAE ] TensorFlow, X & —4 Google FIFT VB FR B 2 S HE 40091 i M de h e s K, 3 HE &
SEIL T K EB AR 5 S BRI BB T VE AN G TR R 42 24 240 /NI, IR 100 J5 K.
3.3 EEFLIE

EE%EEEW%ELE¢ﬁﬂﬁzmﬂﬁ*%%%fﬁ%iﬁ%é T I A 2 52 Wi R P o g
SEELL R, T R TR RN A B A Hh 3R A5 AR S AR AL AT FRATT L 1% R T BB 3K A5 T A T B8 IE A IR 24 BT ARG AT,




Mt A2 LT SRR Bkt KA 5 9

F % T RE PE S SO AT HE P SRR HERR A T RN Bk AT I 3.
FARHETE AR (0 Oy ARG I 5030 1 P

L LRAE I b T SCUR R CRS AT #EF7 1 A ik

Input: 4 72 31 % £ 4m

BEGIN

1: Action <-- getUserAction();

2 /AREUH P AME

3 DO WHILE(Action == True)

4 AR REHES

5: setParameters();//Z $ % B

6: CodeLines <-- getCodelines();//3% HL g FE B3 XIS AT £ 4

7 CodeStructureInformation <-- AST(CodeLines);

8: IR P Al R B i B A 5 S

9: UnifiedCodeLines <-- unifyCodelines(CodeStructureInformation);

10: 118 S PR S 1) G ARRS AT REAT 48— AL b 2

11: TaskData <-- GetTaskData();

12: 1RSI FE B AT 55 B

13: RecommendedLines <-- deepModel(UnifiedCodeLines);

14: VA — A b PR 2 J5 B ARG AT B R ST 5 2 g N A5 S04 77 ARG 47 45 1

15: OrderedRecommendedLines <-- beamSearch(RecommendedLines);

16: IR AR R SEI W IR AT 45 R HF

17: FOR j=0 TO n DO

18: <SippetData,SIMILARITY> <-- LSA(TaskData, 0, SippetDataSets);

19: IR LS A HADLREE I F9T 152 P 18] {1 3% AR B 04 4 oh A 22 1l 4 5 7 10 2540
AR B S AR BL

20: COUNTER <--0;

21: DO WHILE(COUNTER < n)

22: 10 n AN HERE S5 RBEAT IR T

23: IF (OrderedRecommendedLines IN SippetData) THEN

24: SecondOrderedLines <--
Reordering(OrderedRecommendedLines, SIMILARITYS);

25: 11 BRI AT 0 e %

26: END IF

27: COUNTER++;

28:  END WHILE

END

Output:N M4 7 FAADAT HEFF 45

N S BRI H AR, A ORI /P E (Beam Search) PSR ZANHER 45 B BT R RE R 2T ¥)
UCHEF I n ANERESE R 2 5,10 T8 TR 2.3 75 BT R4 200 2 504 55 H0dl X 2 45 R e AT B TR RN
TIER Z e AR ERAE R SR B0 AR 55 B0 T 2\ SEE# 7 LG # UG L F XA, FIH
EF HIRBH TR #RIEAT B F OB BRI B AR D RS BAE Bk AT A AL L. B ARHE
BHESE D e EBIE BV G AR LH T ELaRIBAT LR SORERME B, AR5 FY B0 55 20
HEAT LR, THEARUE. G0 AR e AR AL v T B RIS B JF B AR B & A HERE 45 SR AR e 90 k 1
FEMARIEBAT, MPR Z M 2 45 R BB HE T, WX DTE BN A k MU R &5 R P iR e b AT 1A,
ARACLE el v, IC ot 2% el v AR B2 47 & 48 LSA (latent semantic analysis)i® 7818 23T, LSA 4% O FAE & 45 1]
R SCRS  S 1 98 7E 9 S5 1), T P AR AL, AT 25 B 77 JER 4 ) 2 2 ) o (1) — s eemst 2 el T R B DG 7 3%
BT 15 SCRARLEE T A AR BEAT BRI VT AL, S & T8 AR M X BB E N 0, BRI ELE
S T A S o i SR e AR 3.

NT 5T EAR, AT A SRR HIRR, AT RN, RREEHERBITEE N2, WRFRAN:

ESZBRFF R A2, F P TE2E Tools H4mE getFileContent 5 VEELHS, ST 1L THEERIA A: Gets the file
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contents for the specified file path, ¥ H C.& 4k A

String string = "stringValue"

for( String string : list<String> )

BT HER T BG4 00 45 Y R -- R R B DA A S NAS B IR HER 45 RN -

IN continue

2. string = string + string.trim() + "stringValue"

TRHEF I SEIN SR B R BT S B, BRBOT RN S A AT AT RE R OT R R, BARRION AL
BT KX LI 28 G4 77 /4 B CHS 17 L T XH 2 FBE 17 8,50 IR LBk BAR(E R K A E A AR B s £
T TR B &4 0 A EHCIF {7 L T 27 EFE 17 AT AR AL BE LU RIS, A7 78 AR UL BE v T R0 A8 A ARAS B
readFile, F HiZRIGB R & H LN 2 FIHEFED continue, WP ZAEFE LS REWHET, #4704 .0
T

1. string = string + string.trim() + "stringValue"

2 continue

HHE R G R N e A A RS
4 FIIEREEITE

4.1 SR

A F BTG P ACREAT AR 26 . MRR SRV A SCH RIS b SCUR BE RGN A RB AT HE22 5%
FTA N T T LT AT ST 30 UE, FRATTARF BB T PUAS il BN 8] 75 TR 5 vE AT VR TSR R
B PR I AT A ST B T R, B — R =X PR A 1) A S B vh 8 A N HE R 4 R AT Z IR HE R TR B AN A
S PR AT AR SR R, A HE DGR T UCHE T HE R A R s .

R SC T FEWF AT B — L 0] 8, A ST S 0 B 8 I — e s I Sk g AT R

o [ L 75 VEHT P REAR 7 S BT fCTG T HU 55 T4 PR 9 FE S I e

TE 2 Hi B b B30 43 FRATTVE A IR T fnfer 5o fie SR 0 T H R A RS 2R AT TR0AL B A 2, % B0 4R 1) b BE AR
JEE Rk v, 4 — AR R v, O R R AR T RN D B A A B 4 R, T AR AT AR AR O AT A At T 7R S
F 5 AR 2 BRI FRATT AL U 1) R 1 SRR e 0 als T4k B R B X v A i 28 1Y) 5 T, A5 B2 R d i A ) 7 P AT
LIS BB I B 4R

o JE2: AKILEH I T A RIS T fCIBHERE 777 AR T T L TER B o o 5 2 1]

VA I — Lo YR ACREAH OC I TAE BT oo R RS b A RS 2 45 AN YR AT 25 1) 55 MR 1SRG R EE 7
TAE T I 2 SE AR 1) APT B% AP /7 5 R RS A — 3 AR E T RN ER M TAIE RN T
HE— I UE AR SCOT VLA 80, FRATTE B AR LB AT AT A4 B ARR A 7 v 5 AR T iR AT X LE.

o [T 3 KT IELE I CIGT I AR 77 52 B — LS4 i & 17 7

EFRAV T RN S8 E B R B AT H n AIHER 45 R4 k. BT SR EM A NER
RE, n FIATREEUE Y 1. 24 3 4 B0 5.7 58 kA A B T 75 20l o SR Bk A8 8. W T k, ACRE N L, 5
10 F3 53l HEAT M SR WL 5% 4 47 5 SR B HE A7 45 S e i,

o AT 4: K 77 T HERE L ARHAT KT A P BEFERT S T B 1925 RRA B (AR AR LB & 1
0 15 EEZ D

A TP AT E NSRBI REGER n M FHERF S R 5, EERH Z AT 52 31 LSA AHALEEXT
HERE 45 Rt AT Y X — i AR 15 00 22, 5 B O SRS IR R 0 TR R SR B 1) LSA AR RIME R LI E
IARERE K 1, AR X UCHE 7 25 S WA AR K AER T HE 7 i A 21 B 18] 5% 1 [F)AE AR K R AR B5 22 58 K LSA A
AR AT BE T BUE %N 0.4 0.51 0.6+ 0.7 F1 0.8, MR 4 s 064K H & 3E M 0 {H.

T EMRE FE P, A SCAfi ] MRR (Mean Reciprocal Rank) FIVERA 3R (Precision) 1F i & 48 br . 24 9k 77 T



14 AL b T SR A Bk b R AT AR 1

IS4 45 B0 BLEU MLUEE KT HIME 62.79 (%) B FRATVE R 12 3 7 0 15 200 HE 72 0. 3% BB 2 75 R
36 3 FaEEE st 100 AMUHRER HEAT N T A0IN B e HERE I 5 BUA R HE I T 5272 BLEU AL 539 B 45 72 1Y
Az FATRE S 3 145 kAT N TIPS, e 3 S92 R BLEU AHARLEE 1543 SR 2 3k 7 45 51 b 3
RS H L.

42 SLIGLHER

ARG FE IR S8 ) 45 H IR 4.1 A B R DY A ) R — A 5
4.2.1 Xflalgn1 gy E %

RT BB R 1 IRATER A B 4R 1 A AR R NS HE A 45 SR R R A% S 06 AR FRATT X R Gh B 4R
ATAS R B (R AL TR 42 R A 3R B R [F), 20 9 4 D52 N 0—3 2 BN R HUE 4. X APT TS —1k . X3t
KOG ST AT A BN B ek E A (MR NHIIE S A EME) S5 OREITERSE 5 ahH.

KT R A LE AT IZSC IR B BRATE k % B A 10, RO AN IR 9 HERE 10 ALk BRI AT T
T SE B RE 1000 N3 3 FRE Y 5 NS 6 A S A S48 FR 28 AT S SRS R AT 48— (L AL B A RR JE R TR
Fof 41 7 45 S i THERR R A MRR PSSR AR A B2,

Table 3 Instance of data processing

R 3 AR A TS

ID TN ot
1 boolean boolean_type = true if( list.get( int_type ).equals( "stringValue" ) )

for( int int_type=0 int type<list.size() int_type++ )
2 List<String> list<string> = new ArrayList<String>()  while( string = bufferedreader.readLine() !=null )
String string = "stringValue"
3 bufferedwriter.append list<string>.get( int_type ) bufferedwriter.flush()
bufferedwriter.newLine()
4 String string = list<string>.get( int_type ) continue
if( string.equals( "stringValue" ) )
5 String string = "stringValue" string = string + string.trim() + "stringValue"
for( String string : list<String> )
R 4 R TP AR ARAE 4 DA SE G AL AR L (0 45 R R rh T DA 3178 50 X S SR AT AR 1 b
H R AL A 17%,3X 2 BB SR O AR AL 2 A P8 A0 o 55 KRB VR 35 B R T P B e SR
B AR EAE RN R A S X L AT 7 2 0] T R R R 4 R 7 A S AL TR APT BEAT AL BRI H i 28 Y
BAT G — 5 R 000 17%4R 2 29%. 29% e i E1| 55%. 3% 1t W HE 7 45 R A E R 2 2 AL BRI APT A1
Ko FE Y SR T T MRR,FRAT AR AT LU B0 0—3 AN [R] AL B 2, 08 37 (4B 70 A0 /2 03104 0.4464
0.4986 A1 0.5148.7£XF APT AU & R M HEAT S8 — 2 )5, 20 BN T 0.136 A1 0.0522.5%F b T Fr 58 2645 5 7 1
JE HE TN 0.0162, 1 B A 32 1) LU ALK i 52 i 3t 458 W AE HEAT T o8l SR 400 OB A BE 2 5 AR SR R &
I AT 5 SR A 5 o) B R AT AL TR, BN AL R R X U VE AR AT AR AL (B R R AR R S A R T B
T 2 NAFFERARARAE 4 DA E A& S
Table 4 Experimental results of two metrics at different levels
4 A [F) b PRI A YT B by b SRR A IR
fetbr Level O | Level 1 | Level 2 | Level 3
Precision 17% 29% 55% 58%
MRR 0.0528 | 0.1295 | 0.2743 | 0.2986
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Top-10 fRfi%17
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Precision&MRR(1
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Precision MRR

Fig.7 Trends on two metrics at different processing levels
Bl 7 AR b PR A R AE A FE R AR AR b AR AL 3
X T R 1) TR - g A A B SR R R R A AT HE T T R ) HE B 25 A0 MRR 2 30 H0HE B 1 AL 21 AR B2 52
Wiy, e L7 5 R G A 50 4R 00 A0 B FE I R AR i LA TRV R R A B D7 v R R e R R R LB 1
SR — A LI E T AL B AP B AE T A HERE 45 R I AE I 3R MRR B A br B #E B AR T B8 3 BRI R —
AL B 22 J5 , J5 V5 R B I AR SR, 2 R B R B A 3 AT AL B AR R v, R T RN L RIS AR B 4 R
I At B 75 SEAE U 5 AR 2 R A SCER B BT Java S5 HRFAE K — L84
4.2.2 tEjE2E)EE
WA 2 AEFRATTAEE AN S b K, 12 S 06 ) A R AR SR Y AR AT B R SR B RSN B T VA AR
A FABNF T RE 1 T VAT E AL
AR B AR AR AT M4 AR M VR S A DT AT X EE, 43 2RI PHOG A7 RNN A5
TR GEATARRD AT 4 A2 1) J7 15, i &4 b3 R A °F 35 BLEU 1343
Table 5 BLEU scores for three relevant methods with different Top-K
5 ZFPAH R IELEA [ Top-K B BLEU 34>
T Topl | Top5 | Topl0
PHOG 0.3655 | 0.4125 | 0.4612
RNN 0.2539 | 0.3313 | 0.3717
DA4CLR | 0.3865 | 0.4286 | 0.4541

% 5 /& =777 PHOG, RNN f DA4CLR 7EH#HEZEZE R 4057 1,5 0 10 B X8 BLEU “F351584r. WK
BATA LU ARSI BB AT HERE 7934 Topl RHAS 4 LR, T RNN L 0.13 (H & FEE R TS EN £,
ARG LT G BU%, UHEFEECH 5 F0 10 B, HF3545 40 A RNN HI45 5> 2 85 OO & HFaR B8/ . 1 138 B RAT
[ 5455 v 5 L 8 1) 5 T HH LA A 4 SR 9 36 P L B SR T AR B, T 4 SR U T AL B Y JE R A R T, )
AHERE SN T P EAE IE B I, ARASJR R R AR, T R R T BRI TS E B R
AR B =B, 2 B2 TR HE 2 51 38 b R 2 AT AT 25 B8 AR B B HE AR T, R FLHERE A T RN L. AR SRR
7580 PHOG 75 ¥:1E BLEU 243 4847 2880 1H 2 7E topl 1 top5 WA L HY, 5 W] A ST 75 v BE % L 3 4 i 2 =)
FIREFER R ER, #hma R 0E AT B A K. AL S, PHOG AR RNN B8 H
IS BTy, FUSUERRZE. BRIk, A& J7E7E T BLEU 8 fa 4% L5t E T PHOG 1 RNN 17554
f—EMmE.

Table 6 Ranking information of recommended results for five different methods
6 5 M T VA B T A4S RALELE B
[ 7% ] FRank [ LRank [ MRR |




M SRR BT SR A e b R AT A 13

DA4CLR 1 10 0.3066
RNN 1 10 0.2741
PHOG 1 10 | 0.2953

# 6 & 3 FJ77% DA4CLR,PHOG LA K RNN fyf A HEFR 45 RAE P 45 R h i 0 B 45 B 1 HLEL. Frank Al
LRank 73 5ill /& 55 I (R 4 25 45 S AE I #9745 58 vP o S A0 o 5 )5 (0 O (5 R AR RATT AT LA B S T 1)
1B 0,3 PO VEAE TEHEE 38 — I B A5 B i R 45 R O, i % T 5 5 M B e e 4 R R pE ke, JRERIFE T,
ST ARSI, BRI SR kT, B0 T 2 kSR, U95R T0 ik o AT 5 CE 41 77 U7 4 75
FIRFEIGALE S DL, R AL — o FE 8 o X Pl 22 45 SR P~ A AR AR 45 SR T 10 (I (%, RNN LL & PHOG
758 MRR 1573/ F DA4CLR J5i%, 454 1 3CHE BLEU $5k5 ERISE S, BN KBl 7 4 SCR HE UE B
SR HEATHEFR 5122 10 — R HE T 2 LU A0, MRR B OK, U B HE 357 00 1) B AR S S HE P 1 L LB & F P %
K. Bk, ASCVERRE K R R R DU HE AR A R R SERT I AL, AT A SR A BRI AT T
FEAE KM

XF )RR 2 PRI N Ed B4l ST DL H A S AR AT HERE 7 VR HE R 2 X L SR 5 v — &
PIPETE, X E BRI RIR B 2 S R T DL IR B R . BN, @8R R — e G BA
HEERE, ENAE ST B SOER S, & AR IR S IR B bR SO AT IR A )L Ak, =
UCHE AR UK 28 B 4 SRS KU R AT 7 4h 7, BT DA SCRE B B R T AR — @ ik, Jf B, 5 &
1) 4 B 20 R0 B — A 38 P P, B3 e B8 2 SRR W R AT AL Th B 1) 5 1R A BU AR SC T VR RE B 7E AN FRAR A A
THZR (15 0 AT SR CRAAE A 5% P 58 1 () AR AD AT 75 77 45 R o 0 7 B AR X S
4.2.3 Xflal@a3EE &

BATEE S = AR50, 28 T MHRA SO EE AR R S A T RN AW S =22 E R
FEAT 0 n AN 45 A ke dnIRATTHT I AT 3, SORABAT R n AR B M B 15 B I SREURE B, e 10 AS ), 7] g
F} 7R R A R A G HERE A SR kW SRR, R DATE FRATT 7 2 AR 3 Ak SRR HE A A R IV A e A
ST DA R 3 T AN S B AT T 5, DAER B B AR UL X FRATT 1 U Sk Ui R AR L Y.

UG n B AT AU, RATTK n 0 9 EE 1. 2. 3. 4 A1 5 BEATSEI6 % n #E47 SEER I B k (B3R 105 F K,
BATRE RN 1. 5. 8 F110 23 B3k AT MR AL S2 4 77 45 T B HE 72 25 RS2 ma, 5t kg4 AR 8 n IR B A
25T B BUHR R 2 R TH BT SLIIER 2 G — AL I, I H g — BN 2 RN S5 R (1 A A IR ) sk
BIEEL 100 AN, 4350 R FH N T 1t 75 2k AT HE 15 45 SR AT 001 340 .

Bl 8 BoRfE bR SUARRGATE n O 3 A2 A7 I HERA 3R IE B — A Lh e I RE FE 2R U5 W 36 A7 250 10 488 K HE 1l 5 9
B R ER 3G B P 00 0 R R T R 5 TRAREE T &, bR SCARAS AT A 20 I0 AT 1 B AR A AT 2 )11
KR CAE IR ER SR n N 3.2 n KT 3 0 53745 R R MIE @t A <G Bl Bh.

0.7 = Precision MRR
0.6
0.5 /
0.4
0.3 ________——————
0.2
0.1

0

0 1 2 3 4 5 6
n {7

Fig.8 The trend for two metrics with different contextual code lines

B8 AR LT SCAEAT T AR R
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R 7 MR W B8 A HE A7 45 RGN, A 2t — B AR KX AT & BT 1 b AT, P g 44 157 45 SR v 44 4 100K
T 22 HETF 512 v o T W 9 7 1) AT R A K ER FRATT N 20 R B, R 4 R A O 8 A 10 I HER
H L QRN 455 MRR B0 RAE, 55052 25 18 B0 T A 1S5 F P, FRATTRT LS 45 H 0 1 HERE 45 R 2
KA Y 8 B2 2 — AN BB i (e . 2 08, S 47 1 1R BE 75 R 285 18 £ S0 P 8 I KE K {ELRE D9 10.

Table 7 The Precision and MRR of different N values

7 A TOP-N X R [ i % Fl MRR
Top-N 1 5 8 10
Precision | 21% 37% 55% 58%

MRR 0.2100 | 0.2698 | 0.2963 | 0.2995

X i 3 1R [R1 2 % T b SCAREDAT H n AN 45 IR A K AN [F) 102 BORBL 1 SE 2 0 AT 7 iR K HE 7 45 R
P AR R AR A B S50 45 R A 1 S5 002, e 0 IR BT R R h — AR R A S A SR,
DA B 8 G, 5 370 Jo A R 9 30 7 A 5 ) TE SR UEHE R A 2R AN 2 KRR M Ol R B B R SCARIB AT 0 HUR
3. KR A R K UM 8 Rz e X AT VET 5 S & S BUE H 2, 1 T e H R F R AR E
FRy S 56 o 18T I K k(B E N 10.

4.2.4 Xfiol@R4pEZ

BATBE ST L5, R 9 T R et HE 2 45 AT IR HE T R T A AR T ik R A R AR S gk
HVHERE BT AE I [A) ST & F P 5 oK. — A BRI AR A HE 75 D7 3k D P R A58 P 3 0L 127 £ HE 77 5 SR b S
FERTRIAL B, EARFIHT LSA X 25 SR HEAT — R HE P IF AN 8 2 35 4 v 4 7 4 SR R e Al 22 (e B L P
BB 100 3 AR S ) HE 4 5 IR 3 v P P AR e P DK 95 A R R I R B AT R IR, DL 4R B A A 1
18 0 A 2 ZE 1.

HRIE 0 (A5G BUE, TRATK 0 23BN 0.4, 0.5, 0.64 0.7 1 0.8 HEATSLHG. | T X2 45 kAT — Wk dHe
FA SR HER F P AL RS, P L% S8 UAE MRRORIHE S BT A6 B I 8] _F o0k — OCHR e 1 #1545 SR EAT 00 B =ik
HeFy B At 2l it () RO — AN UBEEUE, AR (o) TR e 43t 1000 4~ JF Bl T-565 3 H &l
BEAT ZUCHR R 21T B9 MRR B, T AFE b (0 S50 o AN i B PR b AT AL S0 8 7 AR B AT n 808 4.k B
10.

R 8 MW AEHETE SR —KHERE 2 )5 B8 6 (92240, MRR i th i 2 246 X A5 A BATEL & 1 1 500, 1A
9 BB AN 7] 45 R B I Sl 2% 1A HE 77 435 R UK th A [] AEL, B AR HE 77 45 B 45 MRR By 3203 1 7 i i A 4
7 DUHELE HE 77 45 R SEOI0 58 A A0 A7 L, 1B 2 R B ATt 2 7 75 BT L (0 AR B A HObR 22, o S5 485 SR T 16 2% ) S
(At R A AR ) A5 0 A2, 7E MRR B A FT ek I, — OCHE PP BITAE 28 (R I T AN £ K172 0 fE 9 0.4 T 0.5 I,
IR MRR AR 5, (B A HAE 3% O 7 I 18] R 78 SEB i F b SE IR B 22 2545 5 8 MRR A1 RHR A 37 I 1],
A1 FE FIFE MRR FRAR AR Z A K BIIEOL T, = UCHEFP BT A€ B R I ()8, S 1B BT BL 6 15004 0.7 A A X
BRI TR

Table 8 MRR and time for different 6 values after re-ranking
K8 ZIKHFP G AIE 0 XS R MRR T[]

018 0.4 0.5 0.6 0.7 0.8
HEF /5 MRR | 0.3318 | 0.3221 | 0.3186 | 0.3124 | 0.3066
Bl (s) 7 4 2 1 1

X I 4 F) 1B LA S e 4 AN SIS 3 T LA HY 072 45 RBEAT — JCHR 7 i S RE 50 T HE 77 R 45 R £
JEI P BB T A A T 2% 1 75 22 SR v S0 5 T A0 oz B AS () £ © B X 7 45 2R R R — I AE Bl i )
FEMAAR K L35 508 2 Ja I T A (P RE 75 R 25 8 A8 S AT REHE i MIRR B AN /b HE 77 46 9% PO I [R] i3 1 K¢



MAE 4 %R BT SUR B B4 0y RADAT I 5 15

0 {E ¥ 0.7 BiiZst — A LB I (I .
4.3 ETIRBHERETENEFBUEFERMNIE

R T B E YA B R R VP A R TS AR 0 X AR AT M 4 SR BIARARAE Y, AR A 485 I U R AT B4 T
PPAL 77 R PP Al I PR S HOE, JR IR 2.1 1IN B AR, A S BIRAD BT VAL DT VRV O B B e R
Java method Z¥EEE. (ARG —NF R0, 2T S 0 IR EE £ AR ATHERER R, gtk S
b S TR G TR H R B B A R R, SR ISR YRS HE T VA AR AR IE — AR L O RIS AT
T TAE.

NT BAFHAT X b, AR T AR ST, AR DTE 4 NSRS A B b, % b O s R
& B J& Precision )2 5 2)EARFE _ESCARLATE I n, BE 1. 2. 3. 4 M5, XF L& i =345 0 J5 Precision;
3)%F EE M BT FE AL AT /S MRR 2 S o8 T8 HIAR &, AEHEAT SCER BT, K k(& E Y 100 H T S $idt
1000 4.

43.1 FEIFBAEAR THHEELSE R

&l 9 /& Precision FRARTE 4 /NG b5 R AT 5085 o 2 VP A5 7 R VPR AT S AR 4T b, AR RATT AT DL,
TEAERR S IX AN R AR b, XPIRRY 4 DNEHE S — AR, B0 5 2 0Pk 5 0 Le s i s AL BT A — e R
HI et A28 3 AR FE R ER R 1) 0.08, WIGASE . 5 1 AN 2 L Ab BN 43 I $E 51 0.02 0.03 £ 0.06,
Sk, BEEVRTD SR — AR BB, Bl o VA5 )5 B 5t ELIT AN T Precision $2mHOK. X Ui B AR SCHY
BRI VA SR E — e R LR iR 4 B, . Uk, BUE 045 — 10 AL B B AU R = TP AT e A
SCT7 I R 0 5 0 AR SC B B T B VR AN VR R AR R BE R A b B R R AN A, R —
I9AIE T AR ST TE B BHE 5 — A A B O VA S B IR RO,

T n.>p.—ll> 0.8 = Before After
Precision(100%)
058 066 /
0.29 0.2
level 0 0.27
0.17 0
0 0.2 04 06 0.8 1 2 3 4 5
B After @ Before nfT
Fig.9 Precision comparison of recommendations Fig.10 Precision comparison under different
before and after data quality assessment contextual code lines
P9 Bl o B DA I i 77 4 SR v A R0 T K10 AN E TR SCREGATECT Precision X Bt

432 AR ETFXXATH THERE R

HHE 10 AT %0, FEREATH0HE IS TS, #ORTE L SURIBAT L n O 3 LA B, Precision CLATA E—AN
LR AR AR RS, 25 Precision $&mi{EBA RIS, 8 LR IAE LA FEARIDAT ESCATHUE LT, X
UM T VRl 2 1T, E Precision fEbR FECH W — @ FREE R ROFRT:. 3K Ui B AR SCRTER HA I T YRR I8 4 5
BIPA TIE BRI — B FE A FSREBIRIEAT LR SO (A R BB IR 2 Java JTiEEL. XA BT R FR 2 )
FERY AT HUARRYAT (U AH 5 R SCIR 7, o A i HE 77 2 AL BE A,
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433 KEBSHTHHEFELERIILE

9 2 JT VRV AL A 0T B VT AT AT S T STY () HEE A5 RAE P &5 R I A BAS B I L R AT
LAE Y, A SCHACRS AT HE 75 77 VR AL BRUIERE I, B 15 158 T (Frank) M AR5 190 T (LRank), 6 FH 285 I U555
Bl S5 VPG 2 S RO SR R IR R A O ROR Ak, EEEAAR) MRR $E4R b, 0 200 s 5
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