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Abstract:  With the explosive growth of open source software, retrieving desired software in open source software communities becomes
a great challenge. Tagging open source software is usually a manual process which assigns software with several tags describing its
functions and characteristics. Users can search their desired software by matching the keywords. Because of the simplicity and
convenience, software retrieval based on tags has been widely used. However, since human effort is expensive and time-consuming,
developers are not willing to tag software sufficiently when uploading software projects. Thus automatic software tagging, with tags
describing functions and characteristics according to software projects’ text descriptions provided by users, becomes key to effective
software retrieval. This article formalizes this problem as a multi-label learning problem and proposes a new multi-label learning method
ML-CKNN which can effectively solve this problem when the number of different tags is extremely large. By imposing cost value of
wrong classification into multi-label learning, ML-CKNN can effectively solve this imbalanced problem, as each tag instances associated
with this tag are much less than those not associated with this tag. Experiments on three open source software community datasets show
that ML-CKNN can provide high-quality tags for new uploading open source software while significantly outperforming existing
methods.
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AT L WA TR 2 W IE R IR VR ML-CKNNLEE 3 TR SEIh 45 48 4 Y g5 4 3.
Projects / Linux
Linux

Linux is a clone of the Unix kernel, written from scraich by Linus Torvalds with assistance from a
loosely-knit team of hackers across the Net. It aims towards POSIX and Single UNIX Specification
compliance. It has all the feaiures you would expect in a modern fully-fledged Unix kernel,
including true multitasking, virtual memory, shared libraries, demand loading, shared
copy-on-write executables, proper memory management, and TCP/IP networking.

Tags Linux
Licenses GPL
Operating Systems  POSIX Linux
Implementation C
@ website | B Download Tweet &1/ 5

Fig.1 The profile of Linux in Freecode
1 Freecode # Linux 14124
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Fig.2 The tag distributions in 3 open source repositories
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T TRAL B S 15 201 3 A TF IR A SE 4, WK 1.

Table 1 The preprocessed datasets
FT 1 TAL PSS B B E AR
LEES WA PEGE T RREN SR TR G

Sourceforge 3035 283 5734
Ohloh 3053 603 5100
Freecode 3041 179 5 045
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H i S AT R 2 10 2 bi i 2 2 5195 B2 LT AT AR BBUR 1) 22 b 2% 20 50005, i UK L 5 — S g R ) 2
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AT (10 o R e B 2 T 2 b 2 S Il JBUE e Sy AN ST 1K) 020 2 i X B g S R R AR R R BR R
FEANBREE DGR — A2 228, 0 SR HEA RSB S bR LS TARVE |1 5 X AN 7R 1 28 5 6 Fhids | o &,
AR S S IR 0K q AN 93 88 IO ) &5 SR A5 e SR A Ay o 28 (K TUIN 45 KL LP Sy 4T I 4 v 5 A RS 11
Pri B4 A — A bR v, 2R 5 0 ) A A R B bR v 1) 22 2 00 2 ) L, 4 i — AN IR R, LP 2 B st g b —
A AT AT BE RS, XA B bt — AR VE RAKEL 5902 — 41 LP 40 888 M 8B /7 V2, 94 LP 4y 8o 45— 4l
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BIBR 4%, LP k. RAKEL 54 ) MULAN iy ST, B ATT A 56 40 5 B0 2 Wk % 10 52 365 i) BE ML, 76
S e F 0902 LibLINEAR 2301081 2504 F (19 2 BR A S 50 LIbLINEAR JE% 58 T v 4 B (19 SO AR 30 4325,
JRAR ) ML-KNN 5032 5 8 S0 H ) ML-CKINN B ACHE 482 AH AL, AN A 2 A6 7E T 4R 1) ML-KNN & 51
AR BB A, T AR SCHE 1) ML-CKNN 773451 T A B . ML-KNN 1 ML-CKNN $5:35 28 (1 %= k #ih

© PERREERSMROT  httpy/ www. jos. org. cn



1988 Journal of Software #kf+3 4% Vol.25, No.9, September 2014

30,063 A T s #6554 1.ML-CKNN A ¢ ¥4 4.
3.3 iFM R

AXHAT 7 M bRAE A3 B TP 2 AR ] 4 FEHEBE, 43 0l 2 3k TR AR 1) £ v % (example-based
precision). F&THEA [ A [1] % (example-based recall). F&T-FEA ) F1(example-based F1)I 5 4k 4 i il +3F
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i=1
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miI|Y; i, rank; (1)

FEUR A B B2 2 AN P4 1A W £ 3 T AN PR v & B AT AR (s 1328 2D T A H AT AR i (1 7= 91
R 2 bR A AR ) R 1) T T AT s 0 IR D AN B AT S AR KRR 43 28 At BE A5 BIAR i HE A R
(accuracy). {H & 76 FF IR F A 23 28 100 8L, 43 20 4 A 119 HE 80 256 485 SR O AN Jotl o 22, Ry B 20 R3S 40 T T 1 7R
R IR Ay AN HATFR i, BE AT 90% LA L AR #E i 3 AEL  SoC R P M 5 SR e A A A 3 SR e 8 A 159 24T
AT TSI b S ABA IR A P VAT 450 R A D VR AR B B AN B 3, — > 22 A ic 2 SRR T I AT 1K 7 481 #8 F0M S A
A HRVE, A BE1F BIRAC (143 B 13 25 3000 b v Tn) 0EE OG0 IR 2 23 2R 28 TOUI HH PR AR T 22 20 Sl 5 2 3 A 1)
Bt BPE SE B B AT RS 22 20420 28 288 T L8 SR LAAE TR 505 70 M B IS AR SO T 10 i 6 T RE A
AL IE TR A M R DS TREACH) FL S0 45 LR 2~3% 4 8040, 0 T 0 L 2 Fnid 2 > A Rl A
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R ZARid 2 0 i 0 4 B Em e ——1-45 004 BRE . HE P BN By ol i e Sfe i B 23 28 1k e
HEATVEAG, 45 0 3€ 5~F 83T A B 7ok i 1058 1 AN EUE R R 10 H7 38 EGUF I 34E, 35 2 M EE =R 10 47
A X BRI bR UE 22 A5 AT Bt 1 45 R LA R .
Table 2 The example-based precision results of comparing algorithms (the larger, the better)
Fe 2 N EEEVATE R TR A A vl AR i) M e B AT (B {1 B v B )

EieinES BR LP RAKEL ML-KNN ML-CKNN
Freecode 0.419+0.015  0.359+0.014  0.427+0.014  0.296+0.031  0.451+0.007
Ohloh 0.393+0.017  0.159+0.015  0.398+0.020  0.174+0.019  0.368+0.012
Sourceforge 0.213+0.010  0.177+0.008  0.221+0.010  0.064+0.013  0.24840.013

Table 3 The example-based recall results of comparing algorithms (the larger, the better)

R3O0 HETIRAE L TR A A R E 4 e PR (K (R i )

e BR LP RAKEL ML-KNN ML-CKNN
Freecode 0.330+0.013 0.325+0.015 0.331+0.015 0.158+0.019 0.51840.017
Ohloh 0.213+0.012 0.145+0.013 0.217+0.014 0.061+0.007 0.295+0.011
Sourceforge 0.158+0.009 0.166+0.009 0.161+0.010 0.031+0.006 0.223+0.015

Table 4 The example-based F1 results of comparing algorithms (the larger, the better)

x4 AR RETHA FL L PERE LB (CHUE B &R )

B BR LP RAKEL ML-KNN ML-CKNN
Freecode 0.344+0.012 0.329+0.014 0.348+0.013 0.193+0.021 0.457+0.009
Ohloh 0.254+0.013 0.141+0.012 0.258+0.015 0.083+0.009 0.300+0.011

Sourceforge 0.170£0.010 0.167+0.009 0.174+0.010 0.041+0.008 0.216+0.012

Table 5 The one-error results of comparing algorithms (the smaller, the better)
F 5 X LLEVETE L4500 RIR Tk e L3 (CHUE BAIC B 4T )

IgTES BR LP RAKEL ML-KNN ML-CKNN
Freecode  0.601+0.018 0.635+0.015 0.498+0.020 0.547+0.021  0.370+0.013
Ohloh 0.618+0.021  0.858+0.013  0.550+0.020  0.693+0.013  0.506+0.016
Sourceforge  0.786+0.011  0.820+0.013  0.733+0.010  0.813+0.016  0.673+0.021

Table 6 The coverage results of comparing algorithms (the smaller, the better)
R 6 AL o B P A (B A i T )

EISInES BR LP RAKEL ML-KNN ML-CKNN
Freecode 97.99142.390  94.584+2.197  86.982+1.919  49.549+1.463  30.149+1.439
Ohloh 44550246546  450.721+7.498  428.967+8.282  303.705+6.816  208.132+7.526
Sourceforge  176.755+4.134  175.670+2.858  168.457+4.239  102.035+2.398  70.457+2.230

Table 7 The ranking loss results of comparing algorithms (the smaller, the better)
F 7 X HCEVELEHE T Rk e LR (O A B )

HisE BR LP RAKEL ML-KNN ML-CKNN
Freecode 0.297+0.009  0.299+0.010  0.245+0.008  0.142+0.007  0.076+0.005
Ohloh 0.404+0.010 0.441+0.012 0.365+£0.011  0.203+£0.006  0.118+0.005
Sourceforge 0.414+0.011  0.4124+0.009  0.379+0.011  0.214+0.007  0.133+0.005

Table 8 The average precision results of comparing algorithms (the larger, the better)

R 8 T EL SR AT R 5 1 e LA (CH (B s )

i BR LP RAKEL ML-KNN ML-CKNN
Freecode 0.30140.011  0.310£0.013  0.391£0.013  0.394+0.013  0.555+0.009
Ohloh 0.186+0.010  0.107+0.010  0.239+0.013  0.203+0.008  0.344+0.010

Sourceforge 0.159+0.008 0.159+0.009 0.207+0.009 0.191+0.010 0.30940.013

3.4 TIGLE
R 2~F 4 PHISEEG S RRYIML-CKNN 7€ 3 MR FAREAS T B L TREAR M A RIE R FL 4531,
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76 2 NEHEE RS T BRI IR TREAR I A v 45 R 08— AL AR 5~38 8 T4 I 4 Rl hrid 2 20 %
FH I PEAN ) _E ML-CKNN  J5 #8848 T AT 6 B Jy 925 4 ) b, A S HE (AR A B0 22 hRid 2% ) 7 ik MIL-
CKNN 7E TR A 43 25 1) i 28 4 25 0 T AR AN BBUB ) ML-KININL 3 38 B 76 TR B 7 2 i) i B A 3 5 T NAR

Y1 I 27 20 G5 0) BATHRE I 9] (0 RRURE, RE S A AR T2 2 PE e,

N FEACNE ¢ X ML-CKNN B8 0. & 3 /& ML-CKNN B3 138 T REAS F1 45 RBEACI 8 ¢ (1928
1500 3(a) &4 Freecode %tE4E F 45 5L, 18] 3(b) /&7 Ohloh %#E4E F 145 5L, 18 3(c) /& 4L Sourceforge X

£ RN 3 ] LG B M E ¢ £ 4~6 Z (AT, ML-CKNN

RE BT o e B T FEAS FL 4920 T B 7

S T BCEACHME ¢ A 4. 530 ARIME ¢ 78 2~10 Z R ZSAL A3 B A, ML-CKNIN 7E 45 KB 0 5 00 1 #IES T d
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Fig.3 The example-based F1 results of ML-CKNN with different cost value ¢
3 ML-CKNN HUfF 5L FREAS FL 25 BRBEAE ¢ 12 1k
4 LERE

HER A R00 0 ERCER TR AT AL X R BB iR L Th g Hilig

v REPESERORREE R A B P g S

i B R R AR SCAE T IR R A B i A — MR BB Al 27 20 R JF SR T P AU B 2 4
05 2 J5E——ML-CKNN.1Z 5 38 1 5 TN 155 A AT G 1 X RS 110, 7 49 93 A1 AR 3 i 4k
U5 2 hR D 2 A R IR R A S50 45 R T ML-CKNIN 8 8% 3R 45 506F LU 7 VR TEAR IR B AT 1 3l b 1 .
AERE R MK A T DA P B 2 10 AOR A 20— o 58, A A5 LA AR TR PR A AS A 3l P B R T
AEFELT, H A AN R bR T R AR A3 B2 vp R R] REGC 0 A R P AN [R) B v 2 T) R AR HL OG22 oKk 35 B ik — AP T2

IPERE, AR AEROR I TAE DR R.
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