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Abstract

With the fast development of the Internet and digital music, various
music platforms provide users with a large number of music works.
However, with the quick increase in the number of music works, users
face a large amount of song information, and it is difficult for users to fast
find the music they are interested in. In order to provide users with a good
experience and increase user satisfaction with music platforms, various
music platforms use recommendation systems to provide users with
personalized recommendation services. Because the user's interest is
constantly changing, and over time, there will be a forgetting phe-
nomenon, which in turn affects the user's current interest. However, when
common recommendation systems make personalized recom- mendations,
they rarely consider the time factor. In order to enable users to find music
works they are interested in in the huge music data, this article
incorporates the impact of forgetting on interests into personalized music
recommendations. Algorithm to improve the quality of recommendations.

The paper takes into consideration the impact of time components,
and proposes two music recommendation models based on time decay
functions. One is a collaborative filtering music recommendation model
based on time decay functions: first, based on the Ebbinghaus forgetting
curve, fitting an exponential type time decay function and power function

time decay function. Secondly, a reasonable scoring mechanism is
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established according to the distribution of the frequency of the songs
listened to by users, and then the scoring similarity and song similarity
are calculated according to the modified cosine similarity formula, and
the two are merged to obtain the song’s Comprehensive similarity, and
then introduce the time decay function to obtain the comprehensive
similarity of music, and then make the score prediction; the second is the
LightGBM music recommendation model based on the time decay
function: firstly, the user's score is attenuated and corrected by the time
decay function, and then the LightGBM model is used to predict the
score , Recommend when the score is greater than or equal to the
threshold.On the public music data set Last.fm, the two proposed
personalized music recommendation algorithms based on time decay
function are evaluated through experiments. Experiments show that in
model 1, the collaborative filtering recommendation algorithm (TDF-CF)
with the introduction of a time decay function is better than the traditional
collaborative filtering algorithm (CF), and the collaborative filtering
recommendation algorithm with the introduction of a power function-type
time decay function is better . In the second model, the recommendation
effect of LightGBM music recommendation algorithm (TDF-LGBM)
with time decay function is better than that of music recommendation
algorithm (CF) without time effect, and LightGBM music recom-

mendation algorithm with power function time decay function is
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introduced Better results. Finally, the experimental results of the two
models are compared and analyzed. The recommendation effect of the
TDF-LGBM music recommendation algorithm incorporating the time
effect is better than that of the TDF-CF music recommendation algorithm,
and the power function type forgetting curve is more advantageous for
recommendation.

On the public music data set Last.fm, the two proposed personalized
music recommendation algorithms based on time decay function are
evaluated through experiments. Experiments show that the collaborative
filtering recommendation algorithm (TDF-CF) that introduces the time
decay function is better than the traditional collaborative filtering
algorithm (CF), and the collaborative filtering recommendation algorithm
that introduces the power function time decay function is better; the time
decay function is introduced The recommendation effect of the
LightGBM music recommendation algorithm (TDF-LGBM) is better than
that of the traditional collaborative filtering algorithm (CF) that does not
introduce time effects, and the LightGBM music recommendation
algorithm that introduces a power function time decay function is better.
The comparative analysis of the experimental results of the last two
models shows that the recommendation effect of the TDF-LGBM music
recommendation algorithm incorporating the time effect is better than

that of the TDF-CF music recommendation algorithm, and the power
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function type forgetting curve is more advantageous for recommendation.
The recommendation result of the TDF-LGBM algorithm that introduces
the power function decay function is the best. Therefore, combining time
effect and LightGBM algorithm modeling music recommendation can
improve the accuracy of music recommendation and provide target users

with music works that are more in line with their preferences.

Keywords: LightGBM; Music recommendation; Collaborative filtering;

Forgetting curve; Time decay function
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R P %R T AW A R R i), 2 B T AR 5, bl
FAE VRS TI, BRI AN, VIR AT R BE s R AR — B AL, FEE R
RSN CBEE” S, BAERAEEHEIRG TR, EARNR RS RARRK R
FEIE R, Bk gt T DA VAL DA R B R VAT R R R AR AR A 1 JE TR A AR
Campos " ZR R i [ED6F L (94T 2 55 04 — e 1S e, e R B L
TE R, R EARRIR BUE 38— 50T B o™= A2 S A AR R 1 e, 4140 oK
WE L PR PR A 1B DA A H R G55, T ELAZ) R RAT R BE A 5 B ) g A2 A
MEBCR. LIRS AR L A SERE, Koren Y 2 N T —FLL SVD
RFER Y R S HERE B0E,  [R]IDAE BF (5] 2 25 R 25 1 I SRR oy, DA T~ 58 v
HAER P RSOUT O f A0 SR IRAT FE L IRAEAE RO 2, AT A S5 T B AR e
P DA ERf I o 57T 2011 4F KDD SVD 3% SRVE T 2 2] 1 T2 59F
Chen 257" HEH 7 —Fhaefs LU R AR A B, R P 352 B8 11T 456 0y
Bt 7 =, X TR ECN R PR B UL, BB A RERTHER IHER B 1
B i 3 [ PP 43 DA SRR B A X i ) o i A SR R T AL, RERE IR T H
PR SE VRS AL, FEBCK PR EE BARAL T HEE HER S Baltrunas™ frdi
HH R D ¥ o A5 ) T TR 420 i ) SR D, g DR S AR I ) 3ok
WS H AR (AR — SRR UE L AR IZREE, XRALEFFIIZR. Panniello
Fow, WG SRR R . KRR RIR, (ERIA DR T R i [)
g, Bt BN TR, G A 8T 15 B 52, A 45 2R
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70 it S S A M S AR R RS AT e FE R 1 77 2K, FE K A3 A4 7 40
BRI NHER RS, BRI A B R G MG PGS RO E M T —Fh L
PP TR AL RIIN AT D9 icHle O HERE 5 2K, R IR i AT 4 5 38 0o 3 S AL 20 e 11
B SR RIS R, NI AR TR M. Ding 25 A7 LARE T 4RI B
IR SRR, R 1 I TR BCEE X — M, AEREAT TN PP 13 R
{BPE FETFINBRAN, i &0 J P70 B AL A5 T ARABARE LA I TR) B A 3fe 14 45
R ARARTE 7HEF Y . SCIR (59 FEEEX T SN UARALLEE DL K Gl i 30 41 1 43
SRR VNI [buw s LA o 1 A €7y v 5 EDIATY 73 L1 ) G EN 1 75 i RPN
AHUERL . SR 160 ] DAL SRS A Dy Btk ) iy [F) I S S ik 3 3 38 8 i R 80K X
I TRIRCEE 5 SCREAT R 3, SRR % S I AR 5 I AR, Logistic R
AL AN PN S ORI VAY: o3 i B LK 1Y Wi DR v s 2 P At IO EN VAR R
SRR R USSR T IR 2 45 O HERATE . Hariri Neger 258 NV EF 5 iR R A B AT 1) &
PEIIN 7 AR AR, RN R TRO RRS 25 A5 2R 38 T O P 45
B SEATIZI, Wb T — Mg i E R K073, ReRg Xl 51 R 34T 2K
flifk: Ricardo Dias %5 AN #ESZE T LA [E) b F SCRBERIT & SR HEFE R G, WffE
Gt 1 W R I A SR AT LA, RIS R PR LA 22 3V RS ORI P 1
AT D= — 36 FH P AT D (B T Jag 2 DA SO 1 SR AR AT RV 4R B, [RIIN  2
T TA) AR AR EAT X6 B0 A, — o a8 i F2 AR A BB AT S5 I 115 JE A SR AR
M, SRR S R R, N T B ORI EOR e B AR T R PR BLE
JTEBATRE T ARFAE PR IS 1) DA A i DR 3R HEAT A S8OMI T TRT X HHE7 F E Af 1E 7
AT AFIRZ I .

1. 3 AR B BIHT =

BT UL BT S ASCEAR L 008 SRR LA 5 R R G P A AE 1 I
BEAT 1 — LRGN AR R, SR T SIS 8] 32 80 p0 B P [R) T e e SR,
PR 151 S il R 50T 5 SR AR IS M RE EEAT 1 XS L, 4l P DR 2 AL 5 )
RN, B 1R P HERE RO HERR R o (EREREE P 535 AR E A AR A g 2,
P S FIR R TERE A BT R B, TG TSI AR a2 [ LightGBM AL &
SRERE TR, BRSO AT & H R G BRI E o ISR, ASSTHIE T
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SESISEEY I

(D) A4l T R G e FIHERR S, g 7RSSR ik, JF
IR T 2T L A SRARAE I ]

(2) IR LA R B E Yoy, Mo 7 R YoM g
IR o B ST AR 2 FORH IR I RAE 4 O FE O, SR i T T A 2 v e K 5
FIVESr, JRAELEEAE b, AT .

(3) N T GARAEE SR RGP AR IR, $2i 7 Sk i o R g e
B, 76 RE B I 1R OSSP i e 52, 2 SEE AR A AR G o) [R) I SR A
fifi_ ERRN TR RIS, 0 H AR B G AN P ARABLREBEAT 1 000 o AR T Wi
AR R IR BRI T 5 e AT I TA] - TS5 R P B SC e et ], 38 7 45 81 o A e 1) 562
Ul R 2 I B IE AR SEARABARE 2 2Tt SRRl AN P o AR ALLRE , AR T 5 AR A AU
PR RS- Rt N R e ) S5 bR A, AT EAT HE T o SR AN B8 1 I ] R 2R 0
P e, T R BE s 2] 1 Asse, W LA A UPE IR L A, T R
HEHB F AR P AT HERE

(4) $RH 7T LightGBM ML IRHERSLE . B SEIRIE AT
WS, R SR T A 2 i TR R R B S, R R AR T PR AL
5N (A ZE R E, 7E LightGBM SRk X & SR AT vF4r T o 72 SEge Xt B 1
oSS 1) 32 9 e ok H AR P i IS IAR RE, TRl T LightGBM S i HE R 1k
Aeo ZEEEI PR AT B EE 1R, 4G LightGBM Bk rHRs oot H s FH
BEAT SRR, P DASEHERA O I P SR B RO BRI R

(5) TEAFF & SREAREE Last.fm 30 IEAR SCHE H AR A o T ook (¥ 1 [ i
J€ % IR HEFE )51k TDF-CF (TDF-CF: Collaborative Filtering based on time decay
function) SLIG4E R KW, L RMSE (Root Mean Square Error, ¥ 5HRIEZE) |
MAP (Mean Average Precision, “FI#ERIER) 070 F NiEEFRE, Tk B i)
IS 1) 36 ik o 8B AT 5 H b P R 2 F0000 1y EL 51 NI 8] 2808z () TDF-CF LE A%
G (1 PRI JEHERE T 5 ROR AT o KB HY (1025 T Ik 8] S5 95 e 40D LightGBM & S
1% 7712 (TDF-LGBM: LightGBM music recommendation model based on time decay
function) BEAT 43 #T, SIAEF RIS AT LightGBM 5 5k HE 75 J7 v 10 HE 22 250 1
(TDF-LGBM: LightGBM music recommendation model based on time decay
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function) Lt 51 18] SEUREG AL LightGBM HEFE 7 ik N4 R R4, I HLx
L 7%, 51 NI TA) K82 ) TDF-LGBM FE #5455 70 (i HE 25 R A T 51N IR E] 2%
) TDF-CF 4R AL . ERtL, K4 TR] 250N 5] N 2] LightGBM By a] DS i
HO TSI e, 3 e AR HERE R T

1. 4 SN HYLH LRS54

BoE: k. MAARTNTIAE RS E L, IR R G E NSRBI
IR LA T2 A 25 o

B MIRHRAEA . EENH 7B L. LightGBM Fik Ll K HER: &
gerb i R HERE SRS A R R

= G NI [A] T ok B Wb (R i 3 AR A R . BRI T I 1) S
PR AR i P DL R SO R AE T SRR TR KD B, R SIS XF G, 0 A R 8] 5
i R B0 HE7 45 R B REMARE L, RN 7 I 8] 22 ko 50 ) Dl [ g HE TR S
PG ORI IE TR EAT LU, B8 e e ik (R 5 R ROR 4o

FEVUE: SIS TR 2 LightGBM & R HEFE R . BARN 2 7Bk
FEF RS TR KD BRI S8 I B A7 ik B AR SR R R T A, IR I
g RS b — B SG 45 RABEAT X Ee A

FhE: DEERE, SEATHIFIANS, Gl 7OhRAE, FFRE T
BRI AR

|
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2t A

2.1 XREAR 2R

MBI P 1S . A R S i e, X eeidio sz
DIl R0 TG, mA&R “EHC7 faiE, XEPERERE. #E. #REZ.
EREPSY IS EIL LA VA g /T LN EZ AV VS vaeS DN DS NIBUR SR /I S
I W ICE L SO RE B AR AR . ABRA AR ARSI A, B
AL R RERS AT 10 1 15 X7 EEARF MR B, (HR ] DL IR RIZ IR 15 B K
MR 10%, Prelic s B2 iS22 A5 01 A, MR — IR R A
S N R I AL ROR , E1 RS 102 A i B ) R —— 1 12 Y 2 [
JE, IR R B T OB A o 2 AR B (K AL R R AR

L EL OIS F L =T (H.Ebbinghaus) iR T #7885 FU M8 s il 28,
ATy “ OREFANE IS A I TR BRI S0 10 12 A AR e 34 4 2 ol e ik
BSHERE R, X E 2 RN S R, W 2.1, SRR
2 R SCRVHBLR, T A R T SR T B RIR AR g . K 2.1
NI R 7 2] Z JEARCRFF F B, BRI =) A N ] AR

|

H Elapsed time | retention
100 Immediate Recall since le arning (%)

90 F imnediately 100
20minutes 58

1 hour 44
701 9 hours 36
1 day i3
2 days 28

60 4 =— 19 min
50 63 min

- 6 days

::SZSnﬁn

2%

31 days 21

X AR PR A 2 B, B I TR (3RS , (5 2 D2 &R BT OB PR,
Xt ie B AR S AR . R 2R A4 H N T RHR B DL S5 InR AR R

YERY, HEAnZa e gmAE S B o A A B2 2 PR, (A 1 SR 26 2 F A 21T
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5 21, itk 3T 8E TAEEA TR, SR g b 4t T A 2L
FS B, NATENE S IR 2, w7 ARG T 2 [ Ml A3 e ST AR . AN B 21
AN, A AL S A B, A AL SR A A A SR, B4l
X2 JGIRRAERS, 24 /MG, A AcZ& K2 98%, B AHidiZE& K
RER 56%, —EWILIGE, A ARICIZERIFE 83%IM B A LRIFAE | 33%, X—5E
WLE BRI, B AL AR (T A R T A LRI i R i 2k
PR EE2E B, XL IZ R BN i FE AN 77 Z 012 B H B = AT 8 5. 1Zd 12
Frfits i o Bl A I [ HERS AT R 4k, A —FFaarpe, whiR BEH 1S, i
B T — AR E BB . RGN HIZE T SR B RE I ) RAF A2, B (A
IR, — B st s, 10— 0 M4 AR B AE R o

AT DSBS AL A0, o 25 HF T P RS SR T S i, o S i g R Ao
WS s st s ih 2e N BIHERE RS, 0T A A I H TS G B PR
AT, o AR T H 3 b3 DA, IR FH PR T E A R RE AR A
PRl i RAREIER

2. 2 BB R R R 3

A 3 ] 55 K 2 Y B )5 S5 R TR SRR (KA G SRR, et 7 A e g Rt S5 if
)45 S AR SR AL BT 3AT Il 7, B 45 nh

(1) KA o) 3 9 pR B I 2o I ] S ek R B RE 6 A I FE B PR AR, e R AR
DL ot B b K HEAT R BRI oh (AR R S SON B — IR AT R T
ERATIIAT I 18] Z T8) ) (E)RE R SO R AR T BOAT IS T, R FO W il (0 2 47
FEFEIRFACE, BACE S AR W) S b, 2 Ul BRI 52 AT v i 1£ H
HIT S 2 R

(2) RSN R E D7 SRR | RIRBIGI TR, it Ushd%
PRI B A, I () B Pkt & I R AR S A SR B R0 At AT
AT B B RIS SR O A, DABCHR VR RIS T DA 9 g b 1) B 1 EAT X173, X AHALA
JEFETTF SR i ORI H AT T8) N B3 P s RO 7 o3 o 3 g 5 28
FE O SR AN R BT RS B, R A TR R AT B, W
PR A0 25 FART 3L RN ) B b ™ A2 A PP Bl o SR T R Ak 25 0B A7
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FE— e Bk, S AEAS R AR R S S v, DTS T Sk R AR 0

(3) RHBEEIFNIE. HERGRA —ENsistE, Hirr s
PEISAWTHIB N o I RFT BN RS, WS RGN OF 14 5 1E - Bl 41
WA 0-1 Z IR —H AR, MMISEIL “HrIH” o PP Edf 8] b I (i
IrIH AR 2 300, A A B2/, AR A s B ISR AR, Xt
FHP 407 A 1 T P Atk o

(4) K H A AR BN SRR e, 7 DRSS TR D S ) iy e o 9n 450925
B, AT RLPOIRGS T AR RE I, SR o A BRI (R Ay B AR R Hed,
Koren $2 1 1) time SVD++IERL A, Y 7 i 22 LA S % i e 08 3 o 1] ) b gt
(ET

ASCAERT P BEATHERZ NS, 25 RE 2 H AR L Ml 2 il i 8] (220 i s, 5
AT (2-1) Frosiyms (] s 8 f () .

f(t)= m(cur _|_°)+1 m
Tnax —To 2-1

Horp, o Fom HAR AP 0T H 7= A 0P M SE PR a], Ty FontfEfE RGN 461
FIRISTa], B GE R B AL BOAT DR a], XA BB I 3228 H 2 R B 1) R
NIRRT, Toa R R G0 H AR BIE— K47 9ISl m oR £ (1) 42

IR RE, BUETEELZ (0, 1), mEHMEBR/N, s H B R B B
S

2.3 LightGBM &%

2.3.1 EWRFIREBE

LA 2 — MLER 2 2 T, R 2 D A2 S A AT AR SE e
155 . Bl SRS AB, (XS BE AT It INGRZ A2kt IRIEIRAEA
AL A 5 SRR e REF A RIAT A G, BB R R W T — D ER
WSS KU, 2L RMEEE AR LXK AW B 2, [, 42D
MRS H R, AT PR IR A AL fE
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HETRYE,  DURIEAA 7SI E8 AN 8] 1) 77 2R AT 20 5 X A A BRI 2 R B T
LA =Rk

(1) Bagging: i1 i [a] i M S5 a6 HeE 4 b BE LG BURE A B R Zr 2 A
Gr AR 1R > BN S ST AR I T ZE R Ez A RE 71, TRk bagging M
REM R T BN S AR AR E M . AR BN 2] B8NS E . WU bagging W] LAY /D
HH BB B R0 T a1 22, FL R Aoy A2 =) B g, B HicHis ) A8 4k
AU, T4 bagging J7 kAN Re b L = 2 FEARMERE . IXFh 7 R IR SRR B
e BENUARAR S .

(2) Boosting: BLEVEMIRALE —ANIEREFE . 43I a8 100 MU B e A
o0 A, X e AR B BEAT WO, N s 25 5 1 ) 70 O Bl R AR 1 27 2T
SRR DRI 7 B BE FE AL B o IR R — 2K, FER K 7 OB 7E T — JGEAR T RE
8 R RIIVER], RIAETHES R R e . b7 U35 145 AdaBoost 5
%, GBDT Hix%.

(3) Stacking: RPREAYELG, ALFEBIALYIZRAN TN RE NP B o AERE Y
R B, R MR, XA DUE TANFERAL, WrT LR —RM, HS
BB, MM B —E R ZE R R)E, fEIX LA R AL ) T 45
SMBLRRE, XK A TR B A I SR B, 4k T Aa o5 — S AR R A i b e &
25 ST

LightGBM 5328 T ik = KA H 1) Boosting 257 .

2.3. 2 BEEERARKRE X

XF TR R ST AU, A 75 2 DU A A A 1) R R AT A A TR ) T
Y. AdaBoost 5idkd: 20 R & AR RN A IR FE AU HEAT S TT, B
B2 2] AR AE S5 BRI ZR o6 TR R I ZRRE A BN SR, AT CA A2 g ik
BEBEAT RN TS o B EE SR T S0 S B U & LIS R SE AR ) i A 25 R b 2 Sk — AR B
12 TR P 5 B 1) TR R ISR BRI 2 S 4% AT AT BB PR SR B B AT M 7S
[7 IR 3 L D 3 5y g G I SRl o 7 2R e T 0, AR A RS
SO R o BRI BB B 3R T 5 S0 %, B0 Rttt 2k e B3 T A 1Y g
X T 22 Rhs SRS AT AR, DR BAT Oy BRI L A5
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GBM (Gradient Boosting Machine) & LIRS $2 T+ B A IEREEI 2= 288
MR LKA, GBM BEWAI T 2 MM 2 S Bk ke A Mk > g8 SR
FESZBRITRL A, 2 R AR B (R IR 27 ST B 9 TR Sk, it — B U LR,
R TR LR A BRI A B8, ORMBE G E N if-then #I
WS, HANEFEEON R, RABGRI A R, BRI oh, R Sk
5 H A EVERAT UL, ATREIRA ZHE TR, WA HFERATRAEAR AL,
U 8 T v R R 7 Bk 2R () 5 AT DU AR B, [ I TG R 2 R DG DR AIE [
T BAUINESE o JLHER AT LIRS TANRAEREAT BN 5, ICRE RS AL AL 7 2%
FRFAE 2 TB)AAAE AR HLOGR,  BIT DAAS 75 S 4E O rhvo O 5030 0 L P 0 6 (5 )
i

ESRAE AT SRR B, M7z F o SRR B35 L I 005 AT B PR AR OK . SR
B S L, IR K& 7 RS A B IR U ST 1R 52 e, AT ¥ £
AR BAT RS A A RE T, LER B B B IR PR AT B L X 11 A B
AR AR BT IR S5, Bl 5 P PR SR THE XS e S R AT R IE AR SR A, AT
WEG R AE I A TR o IR RENS UL R, B0 PR THE DA S TR SRR 2 =) AR e 2 )
RS AR ELORAMNGRRE, KA G AE—, TR AL (R M A R HERf I

BEEEARTH AN (GBDT) AJii bJg T — Mk em 5%, X —Fikm &
55 P g A s ) i A, R AR R B U DA AT I B R ZE I
UTAME, B 5 PRI R A BTG, USRI — AN AR SRR T sk
(1 [ B 2 A B FE A T PR R SREARS i s 4 O PRI AT 45 R Bl R SR T B nig
B, WIS a G 4R . GBDT BEEAT ISR i, B e B4R et
2RI AR BN ZR T RN, BRI e B BN AR,
B — R BB N REAR R R 2 R R, AR TR . AR EA
NI, W FHELEFR R SIL . 2 110 BONSUE BT, R 2> b
Z A PR, LightGBM fH REW & LM f# ok DL b il i

GBDT it AW s AR 2= 2] S PERE . /£ GBDT Mk, iy
H Fa () 2R E— B AGE UG M 2= =) 88, B LGy, R () Rk ik #,

DQAEEE IR H B3 2 — M 2 B ROk Bl i/ MR8 2 gs h (X)), AR5
W RE I (2-2) .
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h,(x) =argmin > L(y, F,(x)+h, (X))
heH (2-2)

S TSR S BRI SUBRE, S SR AR B B B, 452K 8 B
ERMERR TR (2-3) B
oLy Fu(x)
‘ aFt-l(Xi) (2_?))
ST R LA 0 (), IR (2-0) B

h, (x) =arg min > (1 —h(x)’ (9-4)

REAFRIARI W maE 248, Wkl (2-5) Fik:
F(x)=h &) K., (2-5)

2.3.3 LightGBM B3/ R

LightGBM B PIARF 7E B T 2017 SEFTE 5 R4S B — AN LR SR 55
PONBERISRAHRESE, BARR . Sl 2, TN TR K%
TR B 2T rh, BRI ANE RES 52 m RN FFAT VI ZR . LightGBM # T K
R IR R R 2 A GBDT A& K& I = A= i) &M el i, AT {8 GBDT
e 7 S 24 rR S B T4 1K S - GBDT | T 4% i A RS W 1 9 S 3402 %
J& R RV FEI AR L T2 Bk, AR 2N URERAS B T REFIMRIH . SR H AT
AR AOR AT N, R H 2T, X R EE AT A BRI B b S e AR AR
(IR, TOVETERS BE LA R e — 38 I 4 RE R A7 (P A#RIRAS ™, LightGBM iX — 4
PR e [ e SRR A D) i 3 3t R P e 7 43 2K T R 58 BT R 2R, BT DA
THEACHT BRI — SR BE 8 X A% BRI 2 LA i A M5 R e IR s B AT I
fif, Sy A RSB, LightGBM 3@ id A A LA histogram F 4 5 b
NSRS, SPRAEE AT 0, BRI 2N M7, PR 7 B
RN, HIRES A R AEAF A DAL S RAS o [FJI S 6 TS R ) Ak
B, Maeh et LightGBM f£—5& Ml RS BOVE R R udt. LightGBM A
REWS ATt ST 4, RN L e A SR R A TH IR RS, RN FE 4R 4 v Rt
SR ) [ P IR R ARAIE — 52 O HERf R
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2.3.4 LightGBM X} XGBoost RIZU# it

S5E4i1) GBDT HHTELEkiE, XGBoost 1E¥F% 5 T HIWE 7L H T KiE
FERIPRA, 90 an LIRSS Y (14 52 2% P55 A g 10 U 00 B 1) H A BR B0 AT A
FEREATIEAARAL B AR ot B b bR Bk AT B0 I DL SR A5 45 o SR NS T 52 PR Y
PSR, ar R AT BT i e B B 4 P e, BRI Z AN R A IE AR H R, TR
XGBoost 1 IR FE LA vl 4 e v 07 T (1 sk el B 8t ok 17 HRAIRAEn )L
Ty T :

(1) A GEACHRTE I8 B (8, 3 T RE I 8] 5 A 77

(2) 383 T 0 BRI T B3 A 73 9T R FF U E SR I R b Db 200388 7 B A
A IR AR RE I HEY, {7 e Rt PR E R RN, Bl
J5 R TS S SR AE L A, BN AR P 7R I T A [ B X AT RN
2

(3) XGBoost R AE I A 1 22 ) level-wise, ARl & 52 BT TRBEIT )
I, BEJE A MEA S K BRI EE, TR MR 5 — kR
AR A ORI AT B SR T B B R R A B, R S OB A e AT 0%
RIS R AR =S LLIREN XGBoost HIA &2 AN H 11,
[Fi B DR UIE A 25 1) At A8 B8 0 A 1 SRR PR I o B2, 3 o0 20 %
HEI T HGRT 2017 4E4E GitHub _EJFJR 7 PEREEEEM LightGBM, LA
XGBoost JyEEAlVEH T 2 Mo, HARRGT:

O LLEREEIHFAE (GOSS: Gradient-based One-Side Sampling) Jy%&iit.
I L 2 8 SCORAKHE , A B R0 B2 1 S0 #RE % X0 {5 51 28 $ Ak SE R A
F, B0 B BINRE AR AT 5 B0 28 ST, ST Ah die 2 45 SR (AR PSR U8 A5 PR 2
FIPERT . FTRA, DAYERE(S B30 a5 A TH I HERA 12 H I, 6T S R T R I 72
BB B K S AT AR BRI IS B MLl B 40 B N B RE AR,
GOSS 5k, Befig A RUORIIE S >IH B 1 [R50 REAS B T 25 > T

@ HAMSAEESE (EFB: Exclusive Feature Bundling) , #& ] L/ &
YRR (R RAE B B R LA 2 B 3 S/ 0 — PR RLVE T o e A R T R )
B, I HVF 2 RHE ) BFH, PRI AT DR X SRR & S kK

@ H 7% (Histogram-based Algorithm) . LightGBM ifiid B 7 K5k
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S BRI R T & I AR, R LA histogram N FEREF RS BEIE AR HE
LightGBM A B A1), (HRANREA SAAE RS, B ek 8 1z SURFIE
AT B, BRIt R RS B R R R, S
B AL EE R — DA R SR BT BT AR R Se it &, 723 ) 56 — R
Ja, BT CASR 7% gt E, BEa DLE T B BUE e i 4k Sk D 15
BB AE ) 73 A

@ IRFZIRFI AR KRS (Leaf-wise) o XGBoost Hik7EiEix—&
Rt Leaf-wise AR SRMG, 2 L[| — I a7 R E — =2, H
RN Z R I BUER B R AT, [R5 Je FR Sk b, LR 5 4%
il SR1M Leaf-wise J& T-— M BCEREBARM AL, X2 H T HICEX 4 it Z 8] 1)
DX, xRl — R EAS, V2 T B BRI 2 2G5, R TE 7 4K 24
. R, W SEET R SEZ . Bl LightGBM i — MR
HISENS , BECHN AR B R 0 U s ORI T, B HE T R, A
WX —id 8. 5 Leaf-wise #:47 X b, Wi 73Rk 56 4 —5, 4 Leaf-wise
RE AT RO > iR 72, IIMTHETHRE L, SRSk S R EL B s, AT e Y IR ) Tk
S, RO IVE SR Frbd LightGBM 415 Leaf-wise 4 ¥R N T X B KIR
JERIR A, M ORIER = R, B Rt S i A IR H 3

BRitz Ah, EEBIRFAE ST, LightGBM B BIF . IS A
RS . K, LightGBM MY BB Aicrt A8, REACERE R R4, [F
N E 24455 = 20T 1 [ B 3 R 8 (R VIE — 8 I HERf 26, BE T ax St i, AR SCiRE Al
PR EAT & SR VR0 50, AT S P R AT i 4 HHE 4

2.3.5 LightGBM HIS¥RE
LightGBM 5ik £ ZIEL £ 2. 1 SIS LAk

# 2.1 LightGBM %5 &

SHAAIR ZHE
leaves FERRAR T HoE
learning rate Pt
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43 2.1 LightGBM % E

max_depth B STIREE (B AI50
min data P i/ N (Pl S IS0
feature fraction TEFERFE SRR R e, BUER (0, 1D
bagging fraction EFEARE S SR R ILE), BUESN 0, D
2. AMEEE

HAlEE RGO N THETHE S B, &8 BPRRESM, #HE
ARG i IR EE K 2. 2 Fios.

[ &Fmae
B
.ﬁﬁi?%
e HEEAL H TR
HRRX S mEEk
R ESRilals
SR R
| EFREN
HEF 08 R
?Eﬁéfi‘i | BETImER
. Rk

K2.2 W RMEEER IS

2.4.1 BETABKHEE
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ToRikm T HPE RS . B, BT NSRS BE TR EO ] e
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PR S W IR E AR, SR P A 3 THERE, B4 A TTRE
X IR BEHER P AR, B P R IR A% O B, H R AE TS 5 RMFEARE
FURFAE IREAS, H DL B2 N2, S SRt X i i B R i&E % . B[]
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_IN@NN)
Y INWUNW)| (2-6)
B E I R ZARUE TR, A (2-7) .
_INWNNQ)]
"= IN@ING)| )

Horp, INUWNAN©) R u SR v BRI G .
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ATHERE, HEFERERLANEE 2. 8 AT o ShASALAARYE A P X T B BV i B [H (1 5
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U, BETTEZM L AT, RA AT B NRIVBE IR, RIHORE I [ 3 ik o £k
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HOeR BT R AL, BT R 2R 5 508 S ik o B e R AR T il o 4
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T I R R e A = (3-2) FfoR:

0.045(1maxTui ~0.123*10* (Laxt’ ui)

y =689 t 4+33.23¢ (3-2)

Forr, Toa I U 3l — kU7 ) TH B a], Ty & H ) u 72 Z 15 1) 1 30

HFIRFA], 2 I A RORE S o

3.2.2 BRHBIRRH

3 I o 300 S Rl AT s h 2R AT B B, AR
y =84.21x %% 115,66 (3-3)

2 b A XARIUH O BRI (R I,  AT DAAS 2 B I 1) A2 A HY 56 9k R
B R BN (3-4) Firr:
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Hr, 6 RREVDNHENE JAIE PEE
MR A AE 1 B AR LA A SO VR A ALEE, =l (3-8) s
Z (ru,ix _rix)x(ru,iy _Tiy)
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3. 3.3 RRHATR IR
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CABARAR AR HE M AR R o A SR AR AT 18] L 3 TH3X = Abali b 5 2 b
LR SR AR AU
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FEARICIY 1, 2015-2020 EARIC N 2, R AR A (3-10) THE P AR
AT TR AR ALLRE o
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o, SSyq iy A& 1, 5 1y A1 R AT AR LR, Time, 5 Time, 435 2R 5 &
AR it 8 5 A BT D) i 2E 1 23 BUAE

(3) WMF. EMFHREEE_ICEME, ki 51, a4 Rt bs il
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BEATINRCRE S, AT AT St A BARLEE, sl (3-11) Fiow.
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\

3.3. 5 BANRTE R AR BEEHEINE

ETH 25 AR BLIRE IS RN IR [ BB K, T LA 00 5 P P F) 4 A A
AT B8 o PP 2 PRIV A o R P P (MR AC % 0 St B AR S S P P
U5 533 S FRI G 4 AL BLE S 4% Tl N T 1 8 3k R 07 335 U 4 A A
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o, n & g ST & AR AR, Y R TR R AL, sima (i1, ) St 25 A AR AL
JZ.

3.3. 6 15Tl

FRAE I SR M S o FF P OO A 5 S0, IR A (3-6) FRAM K
5, RS IERIATAIRAE /7, i A AL

AR (3-13) P R A ML 2 5, T AR P ek 6574
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oA i, AR FRARALRE o

T2 T et BV IR IS 4 TR K 3 55 T BARL R Al il EAT 477
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MAP X HEFEI R R A R e e S P IME, RO T HERE SVRAE B
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3.5 LR E

3.5.1 SCIGIRER

ARSI EE IR 3. 2 Fis.

3.2 SZIGIREE

SIS IR
BIER S Windows 7 64 17 :E R4
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IR S Python
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T I 0T B SR A SR IR S 7 VR AT R, XS B SESG T P A 1) 2 3 B
o F L IEHERE J7 5 (TDF-CP) ML S i i [l EHERE 7% (CP)

CF (Collaborative Filtering) , BI&Giith R €, FIHH A R ERFE
Iy R AR .

TDF-CF (Collaborative Filtering based on time decay function) , EJ3&J-i [a]
YRl R B ) B VR R DE DT i, AETESARCLEE I S5 R T IR AR e 4 B0 R

KA YR

BN WANNGE S, B MmN H R, Kb m AHE P
U={ul, u2, u3....um}, n EaKH M={ml, m2, m3....mn}, r, NH/" u XFEHK
i PRy

fii: RMSE {H

Stepl: AMHARX (3-6) tHHEMH W, MWEHIEDFERE S,

Step2: FIHAIR (3-9) . (3-11) . (3-12) 2 HIHEE AU . wil
FRABAEE 5 R 2R A AL

Step3: FIHAL (3-13) BEATHIAIZER, 73385 REFEMAE Cof HEsEis
A D) .

Stepd: AMHAN (3-14) FMPFIY, H5H RMSE (IMH-

2. P E

2t 2 sk, BESHANR 3.3 Pron. tHEERHHE SARBURE R, iRtk
RATISA] S BT =38 Z AL — B ER R, FE 3 — iR AR — I a) A At i) &
B, P LUK A B A R X = SRR 2SR o BORCE I BB Y 1/3 T SREER i AE AL
JEIF,  AiH PR FRABLURE 55 A A4 SARBLURE BB R B R 3. 3

*3.3 MLEREZS

0.3 0.7
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4% 3.3 MUENESH

0.4 0.6
0.5 0.5
0.7 0.3
0.6 0.4

AN ZWEEK)E, Ha=0.6, B=0.4 NFSZIGHIRCRELF, XU xR
PP 73 S BERIE FH P M B, R I B B AR 2545 5t 2 0 P 1) O 126

.

3.5. 4 AWHERE 54

PRAEATE 4. 3.5 5L H IR B 1 R 38 100 55 SR M 7732, adld FH P W Al g et
8] 5 3T 00 H (D RIS S A 4, B SR EE SR R A AR, SRS T
PPore BUREBME, Xf L Al (R 2 i R B0 T HER HERR RS, JFA RMSE it
ATRERLVRA

A7 FVE A S HOR B A WS, WA [F SRR I PEREEAT L. 26T Last.fm
Hmge, WA E—37 3.4 VP RaAR, FERRE T PRI ) ek ok 2 A S
TDF-CF 55 T35 B (14 ¥ [5) i il #E 77 S0 A P I HEFFMER % MAP I [5] %
RMSE FiEATXFEL. WFELSE R anf 3. 2 FI5E 3. 4 Fios .

® 3.4 AFIBERHERAER R

23D Rl 7 BRI KU CF Rl R H R £ CF CF

0.3 0. 958 0.958 0. 824
0.35 0. 958 0. 654 0. 537
0. 4 0. 958 0. 38 0. 281
0. 45 0. 524 0.223 0.075
0.5 0.115 0.076 0. 024
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AN (7] s 1) 30 il 1) o ] e e 5 e ik

- CF
— timeDecayl

|
timeDecay2

accuracy
pdS -

o

0.0 1

0.0 0.1 0.2 0.3 0.4
threshold

Kl 3.2 TD-IBCF 5 IBCF [k X b

ML 3.2 FRRTELE 2, K5 BRI [ 56k o0 B 5|\ 21 P [R5 e A ek,
JUEBME 0. 35-0. 45 22 8] (3 ARHERE 45 R fie (e, K o 3R I T S ik o i 5| A\ 51
PR AR ], FH P AERIE 0. 42-0. 5 Z [A) (& SR HEFE LS Rt H R A = X
P

#* 3.5 AN[AJ7ER RMSE 8

BRI RN PR ALY CF RN TR KL CF CF
1 0. 232031 0. 257731 0. 267031
5 0. 152062 0. 167862 0. 182062
10 0.0819173 0.1069173 0.1169173
15 0. 0497363 0. 0729008 0. 0799003
20 0. 0240519 0. 0408384 0. 0456519
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ST [0 288092 P4 i ) ek 90 A 22 B9 1¥) RMISE {8 A% G 1) i ) i A2 59/, mT AL,
ST BT 1) 32 30 R B ol [R5 DB A2 5008 (TDF-CP) AU SR AR T Se ity
FIEIEHEAE I (CP) o Z5 LATIR, BN T M TDF-CF BIEMHER 45
BERFE H b 1R LT .

3.6 REING

A B3 I SERR AR AR I SO FE A R . E Y, A T R
[ i SRV T AR P I BIR, AR R SZARLEE A 2, Rl PP AHALLRE S5 30K
MR ARE, FEEEATE 32, 19305 SReE A ML, ARG EHTVR T . #id 2
LR HT, BB B S SIS, S5, BOEXT R, AR Y
TDF-CF 5L A% 4t 1) W [A) 1 DA SLVAAE PET 4805 MAP 5 RMSE | #EAT UL
SEEGR A, PRI TDF-CF & ARHEFE 5V (1 e B2 LU A% Ge n b [R) i B 2 v
i, HERERCR S, (Rl 256 7 VP WL S5 I 18] RS0 1) & SR AHERE T8, MY
P 1A RAERA B, B T R I B I [ AR A R 1), AR T AL SR
HEFRBE, OOk JE M B HE A R T
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4 SINFHEZBE B AT LightGBM FRHEFEL

4.1 )RR Fn iR R B

et R h, BAE s P HEARAS B 00w Mt 75 250 0 P B i 24T A
RCTIN o FH P 1 O 27 B R P 0 25— 00 H B — R AL s o ) B AP AR L, R R4t
I FH P A A AT A A AT, TN P TR RN R A e B I R,
S5G1Z H bR P AE SR8 0 T ) B s Sl sk I E A OCRBNE R, miRe
SEERR BI3RAT B AR P R T . ARG SRR R g, (UNE R T H A XT
T WO B RS ) & AR BEAT R AT 23 B DS T I TR R T S O P
BUFRAERIARA, (A PR T AT HERE S R I AR R . HETE R G R (R )
15 B2 — MR AW AR I, X0 i 4 PO AT 98 A0 AR 75 2245 5 I 18] B2 4 o)
A PRI SR HEAT S BRI, P AT RICRE S AT 25 s R ) | 2 5N B8 SR HETE
By, FH BN ) ek ok B AR R AR AL e %, T LightGBM Sk 2 ik
JUEAENLAS 7 2] S LR VR O 2%, B3R AMBRRAR 75T, 5201 7B
RIRTHHAR, IF BAESERF v AR I T 6 REA B VR 2« (A1 B,
AN EE TR G s s il e R, 1 HH AT PRI [R) S UR0 R E0E) LightGBM & /R
HEFRY (TDF-LGBM) |, Rilve & REIEAFAES HI AT J9REE, S0 ] % R
XTI H AT S AR AR, TR = AR HERE I HE R

4.3 SINKHEBHRIAY LightGBM M FHEFEE

fE b5 3.2 WP I 1A) REURpR AL, 25 RS RIS R I BB EI R, Rt
HENE PR R, SRS RTBIE, SRIGTE LightGBM 57 Ah gk 4731 Zr Al
Bl TFXRABEAT PG . T IR ST T TR AL Y LightGBM 5 A4 Bkt
1T .

4. 3.1 BB S B A TE B IE

WA 3.3. 1 WHI A (3-6) » /BB PF ), mlG R e £, AR
N A1) PR B BT SR AE IE .
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e =Yl (4-1)

b,y RIS AR R, o R VR
A 1o R ] S 9l R BBORAS AN SIS R oS S s S e A, M E e P o R —
T H A PE 7Y, I RS ek i 2 B A T H PR (B RE A N R AR e AR A, 22—
Bl e, ANZRWIX—TUH Bk s, BUEH P AERX — 0 H 1 238, £
BN B R Ja AN BRI [R) AR AL T 38, XN BT R DL H SR AR, Bt

PR AT B 22 ISR

4.3.2 &£F LightGBM BIFRERIES T

LightGB M 7Y ff) 1| S 2 88 3 749 2 1) Light G B MR 7Y ot 3 5 1 Il 2 A AR ik A7
Wk, AWHRSFSH, B IR 2 . YIZRaT, 75 B HL voe AL
GSHL, o R, RARREL TR ESE, H R RARNR (RN T
PN B8 A T T 1) 2% A B AT SE AR Y (R I 2, 75 ) 5 AN W ] A 2
H, BRIAINGAMT) . BANZRTE UG, NI AR R A T 45 5, o
TINS5 S bRal R IR 2 o W R R 2 R A TSR, I mT LKA A A
HORHERE, WRATFE, M4 FER G E, AW R G5 R 24,
B BT 5O, BB R A TSRO Ik .

FEAE HILight GBMAL Y HEAT T, THEL & LUK, B RAAERCAY 11 25 S T
I, TR AR R EAT S50, AR SC I SE 56K A pythoni 5 1 i 5 Il R Y,
pythoni& &5 & £ F AL, Lightgbmfs /5 42 % 1 N Light GBMAE 74 31| 45 K%
T ATt ), A 3@ IS LightgbmAE 7 A o Scikit-learn 3¢ 4 (1 AP AT 152 5 1)
SRR . 2800 B B A U S5 S5 VPG AR R R sE e, ISRt A% Hhod i A b7
218 B I A HILight GBMAR A, Light GBMAR A8 40 S E 15 B k4. 1,

SR ZHE L ZHUH
num_leaves FE 2 S 2R AR EL 31
num_trees P B 800
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ka1 WS ENE

eval_metric 4171 2K PR BT 1 I L2
2

learn_rate B2 0. 05

FFLightGBMY) & 'IRIEFHIER AN E4. 1. BIFEAX 4-1D , MBIEd
FIPE 0 5 P 5 B . i3 S8R T8 A, 1E e B EE 4N 2

LightGBMAE Y ey, F50I 4 — i F = W7 B I3 4

Fiet 1) 3R R 4K
AFRER EEGES
FUETALIE LightGBM S ‘*_
EEEIE *gﬁéfiﬂ\?ﬁ? T B

HfER —

Fl4.1  LightGBM 5 SR HE# BE AR
4.3 XWGE

4.3.1 SCIGHE

ARG R 3. 5. 2 9 i O HE SR BEAT S M, R AL B S 1 SR SCA
MR B 5 B A0, SRIRREE RS 1 12293 M 320 AT LK
FHOGH 18698 Zicsk. SRIRS, EHE TO%MIAREAER FUIZ, 30%M k4 T
LN Ve SVl s SO s VLS DIRP AT i1 i S ] B s 7 S wt AT A R G

4.3.2 IRERE S

N TRt LightGBM JHARITEREREAT VPG, #£ Last.fm HdfafRitiT 1 =
AN T Y S B
(1) f£ LightGBM 5% 51\ Fi B3 5 ok oy KM% o K5 7R 1] S ik o 50
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KA #T s

(2) 55| NI EZON K TDF-LGBM 5% 5 2R 51 NI 18] R [ LightGBM 5
AT LA

(3) ¥ 51 NI 8] 2080 () TDF-LGBM %3k 5 45 = 2 o 5] I [ 2% 5 )
TDF-CF #E#7 Fk kAT % L 4 #r e

fili FHl LightGBM S FH 3P BRI 25, FEAE MR AR _EREATI0AE, Tk
s, AT PR KT T I, AT, SN T RE, W
AHERE . SLIRLE RN 4.2 FE 4. 2 Fiow.

R A2 AFBRERIHER HEm AR

23 ) AR LGBM  El TR R 2L () LGBM LGBM
0.3 1 1 0. 792
0.35 1 0. 5799 0.512
0.4 1 0.51 0.182
0. 45 0. 582 0.182 0.093
0.5 0. 0358 0. 026 0. 031

A [ B o] 3 114 1§ gt GBM . ik o 1 i

—— LightGBM
— timeDecayl
timeDhecayl

0.8

=]

accuracy

=1

.4

0.2

0.0

0.0 0.1 0.2 0.5 0.6 0.7

** threshold ™
Bl 4.2 filONE B ZE080R 20 LightGBM B3 R P X6 L
M 4.3 MK 4.3 tha] LA 2, 38 BRI R) ZE 08 eR 25| N B R i,
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JUERIME 0. 3-0. 35 ZIAIA) & ARHERR A AL A, Rg 8 ol A R ) S 0k bR K50 51 N )
BRI, T ERIE 0. 4-0. 45 2 8] (& IR HERR 45 R f tE B U

# 4.3 ANFETTER RMSE B

BRI AENF R B LGBM B\ AR B R U LGBM LGBM

1 0. 20009 0. 23907 0.261731
5 0.131511 0.141511 0. 162862
10 0. 0788954 0. 0888954 0.0969173
15 0. 049596 0. 0582 0. 0587228
20 0. 029509 0. 0356519 0.0376519
0.30
— LighGaM
-  she
0.20 1
A ]
£ 0.15
0.10 1
0.05 1
0.00 T T T T T T
0 20 40 60 B0 100
LI

K4, 3 NI 8] 26 P8 B RMSEE X EE

S A8 F 307 iR ZE R AL BEAT VR AL, A SEBef B, 51N R AR N [
FEUR bR 2 LightGBM & U 4k 22 77 25 L 51 N 48 250 e £ 280 e 1) 562 9 o 2 1
LightGBM & R #EFE 777 RMSE HAK (3R 4. 3 fIE 4.3) , FrblUm ek £ 8 st
BEHMAXN THEEEARS . sl NGRERN ) LightGBM #EF 77741 RMSE {H
ORI R] 2GS ) LightGBM  HE 457 77 VA1, A BASI N 17 I 1) 2 gk B H
LightGBM #4577 7% (TDF-LGBM) HFIHEL R AL TR 51 NI (R 282 Light GBM
H IR T S BRTIR, 51N SR AL (R B8 R AU LightGBM & SRAfEFERR
TG RES ) - HERE LB B & R

a
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4. 4 PRFPIREYSCIR LS RATEL

BT AT REIELE Last.fm, XI55 =20 bl 5 A 2 50 ib 45 k7t
Learbr, FER—BUE T, 55 =5 IR NI () 320508 201 P A 98 (TDF-CF)
T R (A HE R 22 LL TDF-LGBM ¥ AR HEFEREAY (R AE R 2 LUK, X LA A5
TUH) RMSE {8, TDF-LGBM & 'RHIEFFEIA ) RMSE fH K, 3£ 4. 4 K 5INF
BR B 7R B I T O R A O PR AR AR L ) RMSE (B HEAT ER, AT O, BN T R I1 3
[¥] TDF-LGBM & SRAEFAAGIARY (11 HERE R LG 51N 5] 352 58 B 5010 By ] o dn e A
B (TDF-CF) MIBURELF. ik, 7635 RHEE IR A, 5107 I A 2508 )
TDF-LGBM & SRHAEF AL 1 HERE 7T LT A A AR P (R b EAT 49, AT 2
I HEFEIIAER 2

#4.4  PIMEETIRMSEE X L

AL TDF-LGBM TDF-CF
1 0. 20009 0. 232031
5 0.131511 0. 152062
10 0. 0788954 0.0819173
15 0. 049596 0. 0497363
20 0. 029509 0. 0260519

4.5 REING

I BB N AR IIE I 5 8 R B 2 UM, RSO RGBT
S DI T2 R, 45 2 RN [5]S84S5 o
FRBIHE 2 R GO TT IR 2R . AKREA E AR S B AR KT C AL 51— i R
R ACAZ R DU, B IR EOHE P A 9 B A b 2
EARSCIBTTE ST 1, 6T (e BN 10 A5 L RO G, 9 o 40 5 6 B Kk
FURITEAYHEATI ]_L(OBE, $RE TR RGO

Aot {7 2SR B E AR L AR O ke . B0 Last.fm 5206 MO St
TR R AE ;. FCUC SRR, 3 2SI M, T B b 4 S M
SRS VEE AT LIRSS, J4 A SCHR ) TDF-LGBM HE5 5 A1 51 A 130 1)
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LightGBM SyA7EHEE HER R LT LG, 7 RMSE #HTHR 3P4 e
SEIG S5 RS 5 = P 45 G I T AN W R B D7 (TDR-CR) #EATXFEE . SESG
GERFW, BE T HERN K TDF-LGBM  HE#7 By AR TRl & 1 B 8] 2508 1)
TDF-CF #E# YL, $a 17xF HirH A e .
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