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Group-intelligent Task Recommendation Based on Dynamic Preferences and Competitiveness

WANG Hong-Bing®, YAN Jia?, ZHANG Dan-Dan? LU Rong-Rong?
Y(School of Computer Science and Engineering, Southeast University, Nanjing 210096, China)
%(Intelligent Service System and Application Laboratory (Southeast University), Nanjing 210096, China)

Abstract: As a novel schema of software development, software crowdsourcing has been widely studied by academia and industry.
Compared with traditional software development, software crowdsourcing makes the most use of developers all over the world to
complete complex development tasks which can effectively reduce costs and improve efficiency. Nevertheless, because there are a large
number of complex tasks in the current crowdsourcing platform and inaccurate task matching will affect the progress and quality of task
solutions, it is very important to study the matching problem between developers and tasks. Therefore, this study utilizes the dynamic
preferences and competitiveness features of developers and proposes a task recommendation model to recommend appropriate software
development tasks for developers. First, the attention mechanism based-long short-term memory network is adopted to predict the current
preference of a developer to screen out the top-N tasks that conform to the preference from the candidate tasks. On this basis, according to
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the developer’s competitiveness, differential evolution algorithm based-extreme gradient boosting is used to predict the developer’s scores
of top-N tasks, thus further filtering out the top-K tasks with the highest scores to recommend to the developer. Finally, in order to verify
the validity of the proposed model, a series of experiments is carried out to compare the existing methods. The experiment results
illustrate that the proposed model has significant advantages in task recommendation in software crowdsourcing.

Key words: crowdsourcing; task recommenddation; long short-term memory network; attention mechanism; extreme gradient boosting;

differential evolution algorithm
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5 AR S HEAAALE, o T AR 55 0 2 2 M AR A AE T R A MR 32 205678, TR T B X 3R AE
55 HERE BORT SEA X LD SCRR[B014& tE 17— Pl i T 0t IO SR HESCFF T3, U BE ML AR PR B A7 foe A1 FT RE AR
JHE AT 55 LASR 2 HF R HEAT R 8. Tunio 25 AN of TR 25 (0 e D8] 36 4E S — T R 35 i e 1) 7 32
7, RS IF R BT S5 0EAT 43 (DL, (H PR — N BER, BA S0 R B UE LA etk Li 25 A BSUdi o %
BT A WS R AN B AT 55 R A 2 TT A AL M 2%, Sl P R L DR RO TTVE, 56T T 38 3 A ) i 2o ok 45 L 4
FATS. Yu S NBUE TS8R R T —MES L. ok, R B TIOTEMHE BAS T 5 TIF & A 110
WA, LR, AT AT A RE 0 AR Al () 58 FSC 6 D3 S A 5 oKl — Bk 7. SRS, RO B REAEE, THL T 5%
ok DU LR REUC I I AL . dee)i, LA B 1T J R ) R i G TR 2 1) SR R D A 8, A R i KAk
AL H b,

BARH CAA T LA T RAT S T i, EE X AR AE A — S fm . O T 45 TR R R 5l 1Y
55, MW HEFBWITMN . — 71, TFRH TR AL 55 EOGR, (F DU IR X 28 475 T VAR 5 18 1
FETT AT (RS DS I, (B TR 387 (R 6 B8 O S AE AN AR AL (K0, 0o 78 3 S 4R T R 40T (10 M 8 i e 3
THERR GRS E SN, I 5, TP 75 AT BE ) & 58 AT 55 O RERS IRAS B (K DF 73 FL i 5 AH I 1)
T, SR IR RIAR OC TARAEAE R R 1T A B MR RE R AR, e B B B A A R 32 i T4 T
55 K, TR 5 4 T A 24 1 BRI ()RS 0 DX 3% 25 R 2, ) IR 3 B0 04 % AL 14 3 4 Wk O I 1R T
RALSs, B MESREW RME K A — N EILANIT R, HARNEE 2 MR VF 2> L2 48 UK v (115 2 AR 1 41 T
P CAAE AR A 55 N0 5 O FL SE o T 1045 2, DA my TR A AR AR 55 L3RAG B0 VP50, AN T 385 0 35 (1 #E
HUL AR 0 S AEASC R, BATE TF A AL — TR S5 A2 [ 45 R L3R TP R L AN IF R AR 1
55 EISE ). G LPTR, ARSCERM T — P T J1 A8 8 25 i 4p A 58 4 05 IO R AL R AE 25 HERE 5Tk, %
TIEGRE T TR A Wb 224k, Be s SRS HE 1l SROTT A (K0 06, [l I 2% FE T R M £i a3 5 4 ), TG
SEA ), WBIT R AR B il 15 L 58 MO RENS RS B i 1F 0 AT 55

2 IS EA

AT ARSI B B AH G H AR SERE AT T A B A H, TEARKENNHUZME ML R LS
Moot b RE AR T« 250 MEAL VR4, orP ) KAH 0 AZ A 48 I 408 S — Tl 255 0 Ak B B 0 ) A 28 R 2 A TR
oz BRI WG AT LAgE— 25 Hh A5 4 7 sk B 000 6 2 R S R S 1T AR i Ao S5 R T A Y S — ol
Sof 456 5 4 T e 55544 (gradient boosting decision tree, GBDT) ik I 23, SIA T IEWMALIR, M AE1S RIIR K$:
TE, AR 3E A F A BRSO ) . 22 43 HEAG SR — R AR R 2 B B R AR S, RAT R AP A
JE AR R AE T, I O A i o AR TR [ K e S EO AT SR AR — D PR R B AL (Y R
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2.1 KEHRICIZHEMLE(LSTM)

LSTM #2524 B1 4 25 1 48 4 28 (recurrent nerual network, RNIN)FIE&E, & — ol B 4 B I 5 508 1
Z AR BE NS 0 40 R B TR IR 45 L. Hochreiter 2 APPSR T LSTM KA Sk fi# e RNIN [R5 — ) f.
LSTM 8 4E RNN [F3EAE b AF B2 51N T 012 SRtk /47 17 045 BRI K R A, Al 13 ks s B i
3. Wil 3 Fianch LSTM (4 kg . #8302 1 12 5 oe i A7 48 3 B I4a UG T TS N T IRE ], 7E0]
FEIVERTR, LSTM (¥ i A& 3% L Fe

(1) WEBUS T BT TH TR b 2 g s 0 g s R, P R B A A I A s

IR 8 g 50 £

f = O'(fo AW b ) )

(2) THEEANTTME: SN T 380 2 00 2000 2 e IS N B, P G B 2 Wi IS 204 22 G 1) IR S A N
ERS N et RN AR 2w O RRE VAN T o
i =0(me -rWhth1 +bi) (2)
(3) HEH I T D T 2 I Rk e e A R, R R IN 2 T A A2 BT
PR LA S A Y 45 TR — I 2 4 T,

0 =W, +W ., +b,) ®3)
(4) BB 2P T RS IZ AT S T TR T3 R e e A
g =W, +W,_,. +b,] (@)
¢, = f,c, +1.0, (5)
(5) THEE TR 2 T A R e T e L
h, = o, tanh(c,) (6)

Horp, x o M ETI 2P 2 T NAE, heg A E—IZIME TR HE: fiv i O O G he 28 AR TS
FIs BINTTS BT BRIz ool Mari Z0E 12 0o (e . Mur i 205 e, WORBUERRE, b hWE,; o
Fe3% sigmoid B, BUELE 0 3 1 2 [); tanh AL XX EH) ed %, B AE-1 3] 1 2 ).

LSTM AUAE A {2 11 58 37 T LA SR I 26T B[] 1) ) 11l 4% 55075 BPTT (back-propagation through time).

4\? h, @

A
/i
h | 8
. )\ L
' L
3 ® 2

K3 KAz 2 b 2% kg

22 FEANE

T R WU POV R B 7 (R R, 0 AR s X B AN AR 2 IR R g, 3 LA 3 4 i
B D TTERE ). TERE WU DR 2 UG U, A4 B b PO e gy 18390 i e 048

TE R I HUE 92 B bt 2 i A BRI RE— AR EEAT B S INABGRA, 32 B A BUXAE (4 ) 7L % T T4 d
UEPAREAE 1) B h(t=1,2,...,T), FEEREAIX T AVRRE [ B 3 A5 R, JF AN 3R E— A d ZE R BTHRFAE 52 07, %
TR, AT PR AR B

(1) T T A o 2 1) 4 SO T 3P 3R, AT 75 B — A AH ) E B ) &t b
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(2) XMIEX T AR B RAE a(t=1,2,...,T), a5 A7 bk A,
=31 a-h 7
AR, L R vER TR, S A AR A B, MG, A 2 by AR U I TR A B,
TERE A WUEI ST R AT T AN B A B MAE a, JEFT h MBGR AR IR h* [ &
Rk, 3 AL 32 5 I Rl e et He AN N ) T S — AN S EIREE a a I — I A A
W,
(1)  FrREf et Berk— AT BB, AR AN he R AU O R S A DGR
VS A 250 sy, s IEDBROR, B8 B he 55 B DG 0 G I AH SG Pl iy, ¢ 35 K
(2) XNREE—N. BT o EE G2k, oS RRE 2 SE RS A E, BrelEE
HURIS £ oH 5 R A —A s, ] —A softmax B EEAT T —1k, SRR ZLMBE a,.
est
> e
BERTHT 23 BRBURAS TR, 2 WL AT LA 243 g LR 3 260,
(1) EREIAUEL ZHURDE I B2 h A S, AR h ORI,
¢, = f,C_, +10, 9)
o, W eRY, baeR, X HBEHLYIMAIL, L IIZE ARl .
(2) General FEFIHLEL ENHFAHE h A E, BFIET h HEENS he A, 8 —AN5EFE

a = 8

W& R Sk 3 1 2 f) S 1k
s, =W, -h +b, (10)
W, 2 BERLAI AL, T8I Rk AR W22 3T 1.
(3) Concatenation-based 7= S HLH. EZMLEIH, W Xh A he AT HEHE, SRIGEH — A2 2 BAnpLk
VDT N 04T 43, — R AdE T tanh oA B0E D 380l R 2R
s, =V} -tanh(W, -[h,,h,]) (11)

Hor, WaeR™HI V] e RY S 22 2 I AIHL AP A 25 ST (BT B 8, D 2 2 I L IR A 4

KRICNH TFRF AT AT 5 208 R i, FE5IEMNS 5% T —AsOILMTS A R, 15 LM 48
Ko IIEAE LSTM  EgI AR UG, JIF B 32 200 1902 R & 35 W 00 AT 4 X6 B i A B, 3017 HAh DG 19
%f %, BRI SR ] Location-based v 2 AL X LSTM 4F— AN il 2R A8 M AL, R4l 0 2 BT 45
R G (R, R I8 X T AT B2 R A AT IR A, TR LSTM B8 &34 T3 203 3474 0 5 400
Gt BEA KA AGER, FRITRE MRS SELBITH, SR A R HEf 1 20 25 DS R I FR .
2.3 #HERFRKR(GBDT)

#2271 (boosting) 77V & —MrE M ge vt 2% 21 77k, il 4 Fos. B — BCCAERLEE 56 ARG I 2R B b I
SRt B 2 28, TRRR B2 o 38 (W RIS YN ZRAE A 0 A AT VR A, $ 8 TR S A %8 B B 2% o) 38 2 4 A
ARAUE, BEACHT— %8 20 X FEAR I BUE. 55 56 TR S INFEAR SR INZR N — AN FE22 20 38, Wb & S kAT,
TR ] B IHH B B R MM, R 2 IX SR A ST SR AT AL

GBDTUAE — B A% JAT BT 7 ik, & L4265 [l B (classification and regression trees, CART) {4y 3
o185, JRLLBL IS BT (gradient boosting) fF kI 25 507k, B BEERTHE SR TR ST h it — K28 A0, JURRA AR
AR 24 T ASE AR 453 2 b BT OBH FE AR B SR U BT I N IR 62 2 8%, AR DI 1 B 25 > 25 L B ity T X 45
FUBA R L BB MEARZR R N B D=[(x1,y1), (X2.y2), -, Onyn)] L, N G FEA 78, xeXRY,
d ARFEANEL, yie YR W b o328 5 [0l DA RS R0 J3E B2 T &5 45 45 380 10 B 2 32 T e SRR R ASE 280 m] Lo s

F(6)=p(x)FX" (%), f, eF (12)
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K, f:{f(x): }(q R' > J,0eR’) AR 10, q (RFM MG, REUSH— A REA it 21

HARE R i R 51 I ARSRB 1Y RS 2 Eﬂ*/\ﬂhﬁﬁl AR E ey, T AGE R
A, I q (RS RH DR G R RS 6T N AR i, R BT AT I e RS R SN B S ) B L
BRI SIE R IS 1 BTR.

1

S S > PR > YIRS B 2 o DBl s SRS

I

L

¥

> HOPTRE —— IRk S n

4 HWAFEREHE

H3% 1. GBDT ik
A VIZRARSE D :[(Xl’yl)’(XZ’yZ) """ (X Yy )], x € X cRY, y, eY c R#K AL L(y, f (x));
it BT f(x).
1. begin
2. WM £ =argming >N L(y;.c), Horl, C R K B KR /D I 8
3. form=1,....Mdo
4. fori=1,...,Ndo, P54 5% bR B SR FE

F(0)=fna(x)

o
[

mi

af (%)

6 endfor

7. X P FUA—ANEARE, 5205 m B35 SR Ry, j=1,2,...,

8. for j=1,2,...,d do, VIEAE—AN 7 m X R LA

9 a)mjzargmincleeR L(Yi foa (%) +¢)

10.  endfor

11 FEFE mARRE, A 1)k, S FES NI O R A 1, AR [H] 0
12. fo(X)=foa(X)+ Z Lol (xeRy)

13. endfor

14. AEBEARTIH G, (x) = 20t (x) =20, 2 ol (xeRy)

15.end
2.4 Rum#h E R F(XGBoost)

XGBoost 1 Chen 25 N¥4I7E 2015 4E4E 1, JExt GBDT f9—Fhekcdt, 7605k i3 26 o K _bm b 7 iy
I, XTI RRBOEAT T I R ETT, AR T E SRR, BT dUA.

7t XGBoost H, 1ENARIE SR

Q(f)=p3+= ,12]1, (13)
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b, J R MY RSB, o AR AT SRR, p A TG T R, T R AR [ B R
SN EMLTUR, TR b7 50
obj = > (i, f (%)) + ©(f,) (14)
Seep, F(x) =M £ (%) B BB A8, (F) o 85 m BB i) T AL 5.
HENEIEARBE m B, BISKES m BRI, SR Zo0m AR, AT 50 AL 1 H AR e B s
obj = 2, L (¥ Fs (%) + T (%)) + Q( £,) (15)
o, (%) FORBUA ) m-1 AR (0 A
PRI eS 1IAS:N

F(x+ &)~ () + f'(x)Ax+% £(x) A (16)
X% B AR R AT R TF, JF 5 LA ARTE R AL B — B ORI B S5

6L yl m-1
gi:u (17)

ma (%)
v (yl m-: 1(X )) (18)

mt (%)

M) B kR e 2] DL 4

obj = z { (y, fml( )+gifm(xi)+;hifmZ(xi)ﬂ+Q(fm) (19)

XFT XGBoost K Ut, B MEA x; #RVE B A L, TR ] AN R RS () i A
e FER, BB RO T R AR R SR G, R Q) T R 45 2550 200, U s R 3
UL S

. 1
obj = ZL{(Z@ 9i )a) + Z(Zie“ hi)wj'z:l+7‘] (20)
XF @y KA AT AR ER § AT L AU
Z|el gi
o= (21)
! ZIEI h + A4
GHENER N IR
2
(zlel g )

obj™ —7721 lZ.E. h,+/1+y‘] (22)

Z A SRR BT T AW mo AR IR S5 M T, RS, DUIR PR S RGBT . SRTIT AT R A S 4R
BARI S /2 — A NP-hard o) 8, Rl AE SERR TP AEAE K H ST OvE R it — AN IR AOL I 4l by, S AR 2
MARTT fOIFIR, RO — AN 75 B AT 202, BT A — R T RE AN 20 2, AR R i VR I B D ) 40 2 I
BN A T 23 R AR R RS BRI 2275 RN REARSEFIA T FUINFEARLE, | =1_Ul,, XGBoost 1452k N
K H 322 J5 10 H b bR B 5 A8 43 2200 H bR s 80U 2 ] 1 7 4 :

2

1 (ZIElL g ) " (ZIElR ) (Z|E| g )

Objspilt =5

2 Zlel |+ﬂ' le h+j’ Zelh'-'—l )

T fpr KA A ZEAE R AT PSR (RS, - $RAE A H A bR BT AT 22 d KIS 2 ) 53 2477 5K
XGBoost I RiARZ, BRI B I T IR, T PR RL R S 2% . Al 22 - 07 22 AUAE A

(23)
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BEKUE, WAL BRAR TR 75 22, Bkl A M B A R TT SO0 H AR e BUBOT AU TT, A A R A i
I AR A AR 5 R T S BEAUARMAR LI SRS, SCREPUBIRE, RENS BRARIE AU S, Il oh S, w] DLAR BEAR 57
SR, T LD B 20 H BRI 0 AR PHLSR DL K AT DL 2 SRR AT

HAR XGBoost MILAIRE, (L EIMAMSEINZE, Z B IERON T2 RY (KRS ERE REAT BRI,
DL P AR S 25 HE M) 22 93 BE AL SR R R 2 doe (I PR A 70 2
25 ENHMLEZE

ZE Oy BEALSEPE —Ph LT B AR 2 RO e b AL ST95, 1 Storn 25\ 1 IR S L AR OEHIh
PCTPRE, F A X8 T E BEAT A8 SORIAR 5 $f AE RAF B 1S4, SRS A0 500 SR A S AN M OB AN A 2 1) BEAT 1%
£, BERTHBMERE T A EREESEEUD . WStk B 55, AL T L S R R SRS
FAb B SVE B AT OB A TR RE. H B R R s,

(1) AIEEAFNTE: HEAG Sl 1 SE T AP, WIdR ik T A
(X @, =x,0=x;i=12..,N;j=12,..D} (24)
X, ;(0) =X, +rand (O,l)(x}fj - xifj) (25)

Ferb, N R A A 1) e Al B R R RO RRBE X (0) 7 35 O ARIR 2 T AN j 7R 38 1 MR IR j 4 (RN, D &
TRANRBEAT SR AL I )R AE R xy R, g I OR S § 4R SRR S rand(0,1) %2R [0,1] R BEALEL.
(2) A5 ik: %#ﬁﬁ%ﬁ&ﬂx%ﬂiﬁ’wﬂ’ﬁ, FCoU BRI R P BEHLIE £ TR BEAT R R A, 12
H AL — AT 1, FHUE AL 0-1 Z 18], AR5 G AIRE o5 — MM, &3R5 M AME. 225
BAEm i R 2, B W —Fi2 DE/rand/1, RAAR 4k PR:
Vi(9) = X, (9)+ F x(X,, (9) - X, (9)) (26)
Horp, Vi) g RIS | DM RAME, o, e{l2, N} R A HAGET i BN, F 2%,
068 22 93 1) S HEA T TBOR B4 /)N
(3) AT SCERAT: XPRRET Y H AR XG(Q) A R AR S AMA Vi) 4% — € I AS MR BEAT A X, Sl H A P
b7 3, 23 B A FE B SO =i A X, Herp A BN Tl 5, RAR SRR
V;;(9), rand(0,1) <CRorj = j .,
iJ':{Xi‘j(g), others
Fer, jrang A 1-D VB A BEAL A S 484, CR WA SO, IUEAE 0-1 2Z1H).
(4) R HIRN TSNS 1R — A, SRR D00 SRS, ERELSEIRAMAE Ui(g) A H FrA
P Xi(Q) X TN PR3 N2 AL AR R /AN, U M I R SE DR AR AN A A b B — ARt P R B3, R AR A G T
X\(g +1):{ui(g), f(U(9) = f(Xi()
Xi(9), others
Xi(Q+1) R n W W PR BRAT IS A5 BT —ARIREAN K, £ O 38 IV JE bR 450
H1 T XGBoost fHAUAFAE KR NSHL, WHE2 2] M 23080 RORWIR. /b FARGESESE, T4k
PRI S HOS AR S5 A BOR R AR, 203t SE R A RIF R Rae ), ek e Rt m
XGBoost Z:4. ik, 3L+ 2203 AL Bl i) XGBoost #4574 fE i 45 21 5 in kA i) D 4 TN, AT 3k HX S n
T AL S5 HE A 45 R

3 BEARHESER

AT E SR T ARSI T, AR XA GRS 4t T OIS HUR bR, WA NS TT R
(VT 55 68 i F LA S TT R FE I SE 4 3. Joe ), 0 AR AS SRS 2R 1) I B 8 A R A PR AT 55 R e RE AT T
TR 1 3E.

(27)

(28)
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3.1 (G Eis

AT SR W 1R o R AR A AT 95 41 7 ) R, B R R AL P OT 1 6 P IR T R B R — LIS 5 L
SERIIAESS. WIS Ps, SR ARRA IR e MR IT R B v, D AR TR A AR
et T ACEITATIRA N RURABOE AR 55 IR A B B A HERE AR S5 46 45, XS T ILP K — AN TP R DieD,
W25 AT S5 R, A — 4G & e BT SS {T,, T, T f e T, b, KARRHET UL 55 i B

FFHERERD

EHEST

& AL JF R4 D —HE R
4D FFIEHEI > i HEPEER!
Top-K L%

Kl 5 HERE R EUREE
32 HXEX

NT G IFRE WA GBS, BT S HEXAT L FTF 8 AT @ BE2E A BB A 2 MEAT 6 2t
TR E TR,

FURT, ST RS B AT T Lo M AT o 548 S s mm ) NS, S B (R A 55 (AR g k. % T
H—NMFEEMS, HEALTET ISR E LS50 AT 5 PLRAD M £ S 5 i m] L 14T 5%
gt LIRS SCIR IR, BRATT e S X R HERE AT 55 3k AT e X

EX L(FHENTES). BRH T REFEPITE RBIENAES, W MEHEENTS TeT RA—A1
TCALKHE, T, ={T, T, T, T.T,}, 3,

o Ty ARFRAT 55 1) i SR Ik S AR

o T, ARERAT S5 1S 1Y,

o TREFEHATEF RIS, T, ={T, T, T, ), m R Bl

o T ARF 58 AT 25 BT 1 JF & Ji A

o T, X358 AT 55 AT LUSRAS (1) HR I

TEXT TT R 38 AT AN, B ZEARYE T & 3 10 D AR 4515 Bk AT, X T — AR T R &
W FF I B, Ak B — T 55 W — 5 TR T 3 B X2 U, E2Mika% 8 E CREE7EA MR A
V) P M) b 5 s 12 TUAE 55 I WBC3R — 78 ORI, 76 B8 D % LI 5% 4 Pk R PR JT RAT 55 vh, BB SR S5 TN
DR, FFRN RAER AT 55 Wl 5 4 A 5 55 o0 F NN AR G B, BIUABATI R IR B AT 5 i S 25
eyl S

KT, ASCIEXIT R FH BN 456 T W T 2, — 7 T2 IT K& 268 i, & 32 25l i T & 3 T
SR AT AT S5 R ARG Bk AR, s LT

TE X 2(FEEBEEBIRET). TF R AT 5 D6 17 b FE TR 44 3 10 7 S0 AT 2515 B R, B e ) SeAT:
SN P, M T ANI TS PieP, R —ATocdlkdig, p={P.P,R,R.R}, I,

o P ARFBAT S 10 77 SRl SO A

o Py ARRAES KB,

-mﬁ%%&&%%%%ﬁ%%é,&:@,P ..... P},m%%%ﬁ%%ﬁﬁ;

o P AR 58 AT 5 BT A 1) T & 5 35
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o P AR 58 AT 55 1T LASRAF X H A .

Sy U7, FEREAE TS LSRG 1 3 MRS, B L AMAERIFRE R A&
55 I 50 R R, I 2 B0 1 R R 1 D7 s AU 55 (0 R IR R B o, 58 2 AN IF R 0
BASIRAT 55 IR E), B T4 RE ok e AT 45, X EEEIFRE LT IT4 S 50 A K, H3h
5P R#FZE AN BRSO, 28 BTR, AT TR & A5 554 Jie LT E.

EXIFEAEHESZSN). TPREMATLES IR A #2458, SR 1 7 sL AR 25 R B4R 5t
MHTAT 4525 5155 00 L AT 55 (058 40 FAG B, 0 TRE— AN RrEREIAESS Ty, FER M TIZIT 45 10 55 4
71 Ci A2 el C; ={{Ab,As, Aw, Ac, Ap},{En,Ec, Et,Er},{On,0w,0a,0e}}, I

o {Ab,As,Aw,Ac, Ap} 7R TR FR TR IR 45 B T e, T

X Ab FRERMAT 55 13 4 8K

% As ARRMT 55 (228 L

X AW AR RAHMESS 11 3R VR 2R

X Ac FRRART 55 1038 T 75 71 % J5 1,

X Ap FRERAMUMT S5 (17 ¥ 13 5%

o {En,Ec,Et, ErMUR KR I K E KITF KK 71, T

¥ En REIRA Ui HARRA TS AEG

% Ec fREIFRE MuTI 4 HARBEAZ AT VB IF & A1,

¥ EtARERIF R 4T 4 AR LA AT 55 1 35 o 4 42 A8 A P

¥ Er fREIFR#FH LTS DRI AT 25 734 F .

o {On,0w,0a,0e}3 7 [Al I 36 FriZAE 55 1) 36 40 A5 B, T

¥ On AREF LTS kA B KL

% OW REEHM A4 # P AHMT 25 3Rk HE 2 HE 4 1 3 1T 35 3k 3%

% Oa fREM A F PABMT 25 3k R HE 2 1T 3 1) R IF K 66 1 1% 45 00T 3448

% Oe fREIA A H AT S MR HEA 1T 3 (1 3R TF &K 7 1045 3507 3441
33 #E A&

AL R TT R BN A DR LF AN 55 4 IS AE, 48 H T —Fh3E 30 R HLHI 0K g 12l 42 9 2%
(A-LSTM)L5 5L T 22 43 i3 A B33 5cadh 1) AR vty 4 5 32 71 (DE-X G Boost) AH 45 & I B A0 SR AT 45 i 7. oo,
A-LSTM  H T & 5 114 X Qi 454 97 106 HE 435 45 A AP TR AT NN 2%, DE-XGBoost 3 T & # 1 56 4+ 1 5k
TR T I 2 52 AT 55 Ja ISy, T — 25 % 3% AT N AR 45 TR VR 2 o i (0 KO IR 25 SR HERE S T R 3, s
WMARWE 6 iR, R4S RAAWT
331 ikt

HTEARS R LB BB IER 2, SHRBE R, W8 T SRR BRI 7 R CREE A R 2 40k
IEPNE AR RN, 0T 8 WA T TS BB S A R vk 5, 48 s B i N ik e, AT
BT (2 50T Ak — A B, K MU BI5— e 2 i, BB,

X T S SCAR I R, RS AT 45 1 75 SR AR SO T 0 Py, R ML PO Bl . A, A AR B
AR SR R B 0], K L 6 0] ) . B BE R I m AN, X TR AMTSS T SRR SR oS,
FRERENY ={0,,0,...0,}, BPoj RES | AW G OE, REBY TF-IDF 555
TF-IDF (term frequency-inverse document frequency, il 4533 [n] SCAF45 28 ) /2 T8 B 2= 5 SCAIZ I (1 8 H
B, TF 1A AR A I (S8 7) e SCA P LA ATER, IDF 3Rl S0 i SO R )2 75— 3w Y1 H B 7 e 2 5
AR i, AR A AR R R D, MR SCAR RIS, AT A R

SERAH R
R
S L

5 )
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n

TR ; ST (29)

)] zkni,k

7|
IDF; =lo |7 30
! gWgemhl (30)
@, ; =TF, ; * IDF; (31)

JLHp, nyg R G 7ESCA o P B IR, Sy, IR SCAS i T L B UKL 2, (TR RAT 45 L
SR L T T SRR AR AN, fisyed|Fon oA Il 4 IR IR A AN B, A TRk 0, HEAT
o1 kb3,

D 1.5 il M HES FHETET
ik A-LSTMHERY R p454E AT
H 4T 3 +J
| L difoliErt e
= R &
T i
O measae |
Top-N
£1
HE ’l
Hi 5% 55 5 il A
HE DE-XGBoost #i % LR
Top-K
%
Gk

K6 AL
X B B SCA R R R AE, AT 45 10T Tyw Py, SR One-Hot 4, RSRA n R0tk 25 %547 4% K40 n
ASREHAT S, RS ME RO FAERAL, H AT E R A — A EE Y 1, HEMR&A n
FAT 45288, A —A n 4 ) R ORIERIT 55 288, A LA ARERAZAT 45 2 M L0 fE ok 1, LA #R 4 0. A
W, X F AT ZAME M B AR R, AT 45 BT e A Tov Ps, USR] Multi-Hot 4 BIH
ZANIEAN 1, FHNALR) 1RGSR TS 75 2% e,
X RCT R, ARSI R AW To T, HESIOIRIN Pos P LUK IT & 5 4F 55 55 4 J1 10 T AT s
1, SR R /IME VA — A5, KA R e B0, 1] 2 ). R A ) 2 L ke
. D-D™
D:B@jﬁﬁ (32)
Horh, D ACERARN B FREAE I JRAG A, D ACERARN B FRFHE I — 05 ({8, D™ AQZRAH N B 7R AE 1) e KA
D™ 22 M BT R AE A o /M.
3.3.2 JFREFE ML Top-N 1145 i i%
TR 1R R I 30 0 AN 25 2 — AN AR I, AT DO 2 i T e SR E B AN R A O 5 5 i T
S5 MG LR AR, A T R BT R D A AR A R, FRATTH S TT & R N B 15 (AT 45 e 4 T L Al
T B L REAE. BT, FRATITE SE4E T RS AT 45 D e 47 7 51 1 5 L
EX AFEBOEEHBRIFFET). B —NITRE TS T EES SR N, AL R
[E 56 J WP LA — 52 BRI TR0 25 2 g 25 B A KON S AR 5 B, B — M40 56 & R AT 4545 I8 4 Bk 1 58 Ji5 DIt
Fr 4L 7 5 B R T e 25 AT 55 26 B w4 2 51, ek
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{P,P,,.... P} (33)

P=
Sorp, PO TT R Pl 4 1) — IUE S5 IO FEAAT R, e 2 o, s AR 55 X6l i 4 17 91 TP AR 55 O B0, i
IS TR) 2 R KA.

TR TF A 09 D7 S AT 55 Xl g 4 32 21, BRATTR I — AN [8] 25 TF A 3 1T BE AR 44 1RO A 55 % i 20 R AL
T S IR PR I e e T e, AL, FRATTR A T R D ML (R S 12 A 28 0 2% (A-LSTM) 14T
DA i 4 P T LSTM A SURE (0 T4 S5 ), nT AR ROt P ) S A5 RO 25 B, AEAR W I Py i 75 thi A5 1R K
RPN, TR 2 AR5 R R 5T 2 SRS A K, L HAMES TR, BRIk IRAIE
LSTM ESIA TR AHLG], WaLAE LSTM [RE— AN BB R I b — B, PP SR 24 5 AE 550 4 1) 5%
Wiy, 30 0T B A 2R A AT AL, AT A RS AE Al (0 30 2 A 2 1L, B AR T A 5 418 98 Xl 2
T SIATEZE ALK A2 el e b 2 G5 B A P 7 s,

o) () () -
é 54

B 7 BT Ja ML i R B0 2 i 28 ) 45 46 44 1

FIHT A-LSTM HEAT T A 24 17 2% 85 47 P00 1) L A0 SR A 3R

(1) B Es e ORI R S p RIS IF R TS 5 AT 45 B0 2R Bt 45 5 R4 45 O R 3 (AT 55
BT 5 A AN R

(2) MIFRE DI RS H5RTA h A E X 2 FEHUHTF R # AT 5 X I i R, R4 30 5 R 22 (04T
SCAEAE R T S 1 FB AR A 3.3.1 1 Fron (77 AT ) Ak A — AR TIAL B, 38 G i A AN [F] X ASE 2R
Y 2R3 R IR 5

() W TF R (VAT 25 DS S AR5 A 170 2 42 FRIRF ) NP 21l 43 Ky 22 AN B A B 22 A FF R 38 AT 45 2 i 47 )7 471
(el 52 3 4)VE >k A-LSTM IR NEOHE, 10 22 FSE B KR — AN I [R] 25 18 T R 385 (AT 25 X 8 Al e
TET 3, 4EA A-LSTM IR b5 %5 £l

(4) X A-LSTM #EAT NS, AEREBL0) i Je— 2% sigmoid pA%L, LASRTS i g .

1

L1+exp(W,h" +b, )

Ferb, 0l AL R Wy Ay B B 2 B by A B2 B e . R 45 R Rk

PSP J5 R =R R AL, & LN

§ = sigmoid (W,h" +b, ) = (34)

11 ~ \2
*7EZizlz?=1(yivi B yivJ') (35)
Jerb, n W REARR SR, d AUCRPR S ML, i AORHE T NFEAS NS j dibn2iql, §,  AUREE | MPEATOES
AETINAE. TEAN U L W 2,
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Bk 2. A-LSTM BRI 25 509

N WABARGE: 20 BOE AL F1 S (0 T R 35 4T 45 2% B A 1 157 471) 2 0 AH I 2 250
iy BRI f(X).

1: begin

20 WIEA A-LSTM 858 B A B Fi 4 & 75 (0,1) 2 [7]

3 AKX HL epoch=1

4:  repeat

5 for i=1,2,...,n do, n AFEAAE

6 I (1) -(6)HE4T LSTM M 2% A 1T ) A% 4%

7: A 2 3 (7)—(9) il 3o ¥ 3 Ay WL A VS S Py e 2 ) b R P 2 2X(34) 3R A3 da 4 11y Bt i

i, DTG L R T 538 24 B AR A 55 X i 4 R AL ) 2

8: AT 22 3K (35) V1 ST 453 2K bR £ L

9: I FH T 1T U] P ) A% 7 925 BPTT B ARE 284 119 i A A B A i

10: endfor

11: epoch=epoch+1

12 until I EMCEEAE, BIEAIKEL epoch 12 21 T (B B 3 2% R 400E L<TI05E 8 B

13: end

(5) ARLYNZRLFH) A-LSTM flZe 44, DL IR) i p 2 i 0 i DAy I (] A A B2 s DR/IN B AN IR AT 55 fh

D i 0 e AR DA 2 0 6% (0 N AL, 000 2 R 5 224 T £ T 55 2% R Al 2 )

i A-LSTM SRER S AN TT K38 200 (0 R s R AIE ] i 2 5, JRATIX AT A 2 (AR S5 0EAT 56 1 B B

Tt I, IR AR AER AR AULIE B B 77 50, B A AT RO LA A, AR F

d(P.T)= {20 (P -T) (36)
gmwﬁﬁzudéﬂj (37)

Ferb, Py OA TR R SN TR T AR M SRR A T SR AR § A, Tog MR T NIRRT ST T RIRFIEER
Yt Sim BB ACTR AT AL sy, AR AR ADLSE A 3 B BRATT A A HE 37 (AT 25 vh 9 0kt AR BLE HE &4 0T N IRAT:
%, AENEE LB B AR 1) 45 R
3.3.3  JPREALSVES Y Top-K AL 45447

H TR S MUE G R, BRSO R A G IR MBS A R TR ] R AT S S T R
FH, WAVETE X 3 MITREAES ST, R HAEAAEREAT S FIRAZ 45 R &t T K pE i Ja mT DL 2
VRO (VP im, JFRF SRR i, Hogp A s gy, DU k3 AT SR B X0s), AT i —
A5 05 34t ARALSE HE 4 1 N IRAE 25 R B P o0 B 1) K IRAE 45 SR HEAR 45 T R 3

XGBoost H R YT AR 1738 FAE Kaggle 3828 FVT 2 A ML 2% 2% >) Se 48 b I B TR IF M s, i HLAR
TG A R DT 43 TR0 1D [ 9 o B, AFDR B B RUFE TIA ISR 2, B S 400 1B B 2 R (1 1k e 8K
g, N TIRESH— B0 T 200, TAERE R H AR AR, DR A SCom o fa7 o HLvE Re A 5 i 9 e it
B E——ZE 0y AR R R B XGBoost B 1 tE S 4k, AT LA RS R P 1k R, 4 ey 0 O 8 R

XGBoost B EFSHOK 1, FATT I BLERKF JUAS SR BB 5% BRI S B AT WAL, 2 B 3
22 3] 34N H(n_estimators). %% 3] % (learning_rate). & KB (max_depth). /N AT (min_child_weight)
FEAR A BE WL AE L A5 (subsample) A1 41 B AL SR A L 5 (colsample_bytree), H4xZ¥¥% & BRI
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#£ 1 XGBoost #i 7 fi] T H 2 4

SRR LN T 3 i
n_estimators - - FEAE S IR BOI AN B, S SRR
learning_rate 0.3 [0,1] )%, TSR R AGE
max_depth 6 [0,+o0] I KR, XM K 55 BN R R, S Eud s
min_child_weight 1 [0,+o0] T/ FAUE, RN S A, (S R A

PP s 2228, URE T 7 i 20 BT R o /N 40 K bR BT B £

gamma 0 [0,+ec] R A SV B 2 S
subsample 1 0,1] PR RR A BEHLRAE I E A3, 9k /0N 2% T DA 3gE G 3o S5
colsample_bytree 1 (01] 7 S A A AR B LR A ﬂ’]éfﬁz?’]/l:%ﬁ;l*ﬂ RIAR R —ANRFAE,
colsample_bylevel 1 0,1] 7 S A AR R K 0 47T AR BB LR A 1 5 5500 L 43
lamda 1 _ L2 IE WA TR 4G5 R %, AR S &

alpha 0 - L IE PRI 1 5 50 AR B, R BT AN 78 5 1 0

AV IX LS H 0 1R A B E S n_estimators: [50,500]. learning_rate: (0,1]. max_depth: [3,15].
min_child_weight: [0,20]. subsample: [0.5,1]. colsample_bytree: [0.5,1], J#:FIH 2= 2r b4k Skt AT M4, Ho
20y HEALSLVE B S ORI 236 3 59 U0 B R BRBE AR 100, 45N T F 24 0. 5, 28 XK CR 4 0. 5, kil
fRH ok 500, 2% 43 ARSI BT T AR H AR 5 E0CN XGBoost BEEL (PP F b, Fi T2 R0 i) A3, DRI R 3
FR % Z (root mean square error, RMSE)IX—4&Fx5, 1IHAXWT, Hiek &4 0.04, WG K WK 8 Fix.

RMSE =31 (¥i = 9)° (38)
Horr, n ARRIAEE PAEA A E, LRI T AR, yi (RS | IR TN A LS PP i, 9, ARSRER T IR0 A 93
WPE53H.

R AR TR 1 R A 2 RO P DIl 1w M Rl T HINGBoos 45
HL 4 XCBoos t 51700 5 % XGBoost #UR 1T Il 45 2%
[’ l T
ESE Y BT R, THRG KT
s ARk H FR R ECRNGBoost H 7 efa 81
AR ARG bR RMSE *

1 3 5 1 Bl 7
ES R SN LA

A AEREAT R 3E
o IEFRERE

iR S pu A A AT £ 8
FhRFRUBE. SRR 7. 22 3B
OO

XGBoost B RER A 2

( T ft )
[ )

8 T2 LSRG f) XGhoost B 2 4 - PR e I

H % 3. XGBoost MY R 5%

I WZREEE D = {(%0 1), (%0 Yo oo (X Y )2 X € X S RO}, W TFR A 10 3 AT 55 36 9 IHHAE, yie YR
HIFRELEATS LIS, BURREDY L(y,f);

firth: XGBoost #A f ().

1: begin
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20 It fo(x) =argming (3, L(vi,0)+ (1)), ettt ¢ ke

3:  form=1,...,M do, M Jy b AN %k

4: fori=1,...,Ndo

5: FIH 22 3(17) A0 (18) vl S48 2K bR B0 1) — i 3 ORI — o 3 44

6: endfor

7 A 73 ZEHE I 23 S (23) U B — AN DB, #5255 m B i 7 R, =12,
8: for j=1,2,...,J do

9 I 23 2 (35) T A — AN 715 A X s DA T oy

10: endfor

11: SEHTER m ARK, L 10 A SRR L, AT AR G R[] 1, A5 005R ] 0
12: f,(X)= fm,l(x)+2j:1wmjl(XG R

13:  endfor

14:  #3%) XGBoost #i% f, (x) =" £, (x) =21 > @yl (xeRy)

15: end

I FH T 22 23 34k 5792 e B9 XGBoost 45 B (DE-XGBoost) 4T TT & AT 45 F 20 T () B A48 B 1

(1) &S E—Br Bkl il R4, BATININGEIR L PR — NI RF D S5 0T % PR 2 X 3
PRI TP R T 25 564 ), Sorh AT 25 it v 577 30 4 5X0(37), FREAT M sk, 13—
RITRAL R, JCrpoh T TR S HORAE, BTG G BIR A3 G54 k 0y, R k #7138 XHE
1) 5 2ok AT B o AR IR 24

Q) BITRE RS 50T5 554 I EME A XGBoost 5  [R1 8 N B, TiZI0AT 25 TT % 3 Sz bRk 15
HIFRAZ 45 T VE o1 A AR 2 5 dis

(3) LML 3 X XGBoost B HEATYIZRIFFI H K 8 Jrm it FRUEAT S H0M AR, b XGBoost #5125 14
KA ECR T 22 B R B, W s pios:

L=3 (-9 (39)

b, n G REARAEL, yi AR T IRTO P L SE VA {E, 9, ARFREE T TR0 f) o000V 43

(4) R LI DE-XGBoost #2, % E—Fr B ifiik ¥ N MMT45, 5 Ta—ANIF kR, I
TFR B WAES se 4 VR N, TR TT & & 78 NAMESS EPESy, HohHe& T K (AE 551 I &
PR 45 .

4 TBEHF

T REASSCHR A A AR S5 A B (K Pk BEEAT P4, ASSCIRHX T TopCoder - 5 _E BCSE T A ¥
AT 55 (0 Bl 2 0L AT S0, ST AE S B 3 5t T (P RERBUIF IR R AR 2 Hous HERE VR RE 2 M. ]I,
N T Ul P B E AR (1 R, AR SORFAZ AR A J AR LR R ] T HERE IO R AT LU SR S5 RAIE T, AR
AR R P AR AL AT 55 3 g i Ll FE At 5 32 5 LA %

4.1 HIRE

R HAT 5250 i R F I i 48, FRATTICH T 08 (B A6 SR I & T & TopCoder [ EAT S8 56, Hidi
SALFE T M 2018 4F 1 H 1 H-2020 4 12 H 31 HIWTF R & RAUTS-15 . (EAE B 4 2w, FRA I Jodb AT T
Fedib vk, WEvbr R,

(1) B H AL R A “Cancelled-No Submissions” {1 25 BEAT MBS, 33X 2RAT 45 IRl A5 AT A A 4240 45 1
PR, T4 BN e 3, DR o 3 M0 48 v B
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(2) BATSAS BRI R B AT S5 MIBR, R0 15 DA R 208 5 BAEM A B 2 0 (T4 kA7 H e
MM b H O AT 5 2 A 500 e

(3) AP IEEE R B, AT S AT REUN T T 20 S8 MR A L3R 45 R M TT 3 M B A .

WARAER T M3 1 134 NI R F RS B ST 5 410 A O FLIE W S8 BURHTE 4515 8, R TR 2 -
4254 1) KR 91 234 4, X TH—NIFRE, MWIHA TS 5id 306 BREBI LR 2, i —
AT FARL 5 1015 BB LK 3.

AV F e S 4 R ) 5 5 07 4k N R B SR R B a4, HR R 4 AN H N IF R B FAT 4515 B AE
oI A A, T4 10 K A R U SR 4. AT I A B P SR AR SO S U R AT S AR IE . TR
AT 55 2 L R A0E FOAT: 5556 4 JJREAE, L rb AR SR AT b BT 10 T 8 0300 3o A 2% B A Ak H 0 S5 4 5%
KA H A ZE AT 5T, T2 4 SRR e A AT 5 00 P T8 3T A @7 KT 5T, AR5 T3 A4 A I IR AT 4%
AT H W2 2w 2, TR S 5 3R 0 i L e RS 44 R 5 N T4 AT A 4 L A 22 i A Bk A
Wy, PRI AL T B A% AR 3.3.1 TR BEAT TAL R, Sk LR Bl B AT 58 8 LR 1) S R 36 1E A S TR
HRIR 4 R

#* 2 TopCoder JF & # 15 B AEI

Handle Task_Id RegistrationDate ~ SubmissionDate  Placement  Score
OFk# 1d)  ({E%5 1d) (R4 H ) (=R2Z 1) (€20 (vF43)
30108353 2019-11-29 2019-11-30 4 70.0
creeya 30106385 2019-11-19 2019-11-20 3 80.0

30106924 2019-11-17 2019-11-18 2 90.0

% 3 TopCoder f£45 15 A FEH

EEA i FEH
Taskld 114 Id 30108600
Name 1155 2Bk [96hr] Benefits CRM prototype part 1
DetailedRequirements AE 5 il Rk Build the prototype in angular 8 from given .sketch design file$\cdots$
Type %R DEVELOP
Technologies L& TR ARy [Angular 2+,SCSS,HTML JavaScript]
Status 145 MEPIRAS Completed
PostingDate AT 55 KA H 2019-11-30
RegistrationEndDate AL 55 42 Ak H 2019-12-04
SubmissionEndDate B4 42800 H ) 2019-12-04
Prizes 55 BE WS IR 1T 4R [1400.0,700.0]
. W F R 49
NUMReGISWTANtS 4y g0 et 44 s 0, 045 I
: #% 1d Handle: torghul
Registrants ifigﬁﬁﬂ Registrationlaja?e: 2018—11’—30}, {...}
AT H B 2
NumSubmitters TR, O [{
PATH 1d Handle: ronakkaria
A H SubmissionDate: 2019-12-04,
Submitters R4 IR Placement: 1,
ARV Score: 96.33333}]

42 RWRE

AL SEEGEAT IR I E S H0h CPU 454 Intel(R) Core(TM) i7-6700 CPU @ 3.41 GHz, CPU #1145 1)
WAEN 8 GB, HfE ARG Ak Windows 10 64 fi7, SEIALHSR T Java i 5, Jdk 1.8 SZH.

A AT AR R S T T R A MU A I AZ A0 2 Y 4% (A-LSTM) 15 3k T 25 3 BE AL B3k ek 11
e v bf BE 32 7 (DE-XGBoost), X MR WS T2 HSE, BN R E SWHERMERT — 2 1 m,
JLrh, DE-XGBoost 19250 A4 F (1 BV AR SO R F (0 22 43 A0 AR0025, 1T A-LSTM Hp = 2R B 3 (18 S 4L
S B S ORI 2R TR L M ks 4 & (grid search) 7 FokFR B B AR I B . B AE RN RIS HUL
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& 4. HAL—LCRIPP Fa bR RAFIEA RS 5L, ERAA AR A BT, 2Bl BUERE 7R K K=5, JF
R AT 45 DL LT 7 B B TR 20 KN s=6, S 5 750 e A ABUAT: 25 40 1 (40 AR ARLRE I {ECK 0.8,
*£ 4 A-LSTM UL} DE-XGBoost #%! [ 25 i% &

EXT: il
A-LSTM Hir N 277 s 4 265
A-LSTM Bl J2 5 s 54 128
A-LSTM %t 275 5 8 265

A-LSTM 223 &% 0.01

A-LSTM Dropout 0.5

A-LSTM %A K H 500

Top-N ') N 20
DE-XGBoost # 2% >] ##4~4 100
DE-XGBoost % 3] % 0.8
DE-XGBoost 5 K H# % 10
DE-XGBoost f /M T AU E 0.6
DE-XGBoost 4 A4 B LR AL E 41 0.8
DE-XGBoost ] 51) Bifi B K A¥: L i) 0.8

4.3 FfhIER

AR AN LT ) Top-K #E7E i) /8, HEA 2 (precision). 4[5l (recall) 5 F1 {H (F1-score)j& Top-K #EFE &
S EERPE N e br, B, BRATE AR 3 MEFRKR PR IT R &6 T RATAMIEE TS LS 5 EER
AW, AT

ici 1 IR, N L|
Precision(k)=— y “0)
(k) MZUE 0
1 IR, "L
Recall (k) =— y .
(k) MZUE N
F1(K) = 2- Precision(K) - Recall (K) o

Precision(K) + Recall(K)
Horp, U RN AR b FF AT HER (W R 54, Ry HRRINRE P I R u B M543, L, ARRRTE
BN TF R u R AR5 53R,

Jigbh, HEAR L TR FLEZ M SHERIUT TR Top-K HEF VRN Fabs, 7EA SCHh AT IR AL A
S 1 F A SETT A 25 1 R 8 BB AT 3k 58 i, SRAFITE S REfg sy, PrUAIRATEEH T — M2 N H 1)
S AR 0 Top-K S F4%, BN UA— 4637458 B 114 25 (normalized discounted cumulative gain, NDCG)“&4%,
Ht 85w
k2501
*log(p+1)

1 DCG, (k)
NDCG(K) ZWZ“QU IDCG, ()
Hrp, S(up)REITR#H u SR T E p MES FIREITES, HIFRE RS HEGEMIZES, WA ER
0, IDCG(K)H FTBEATIH—1k, & DCG,(K) P AEE il T ) e K AH.
4.4 KRS

A A R B HE B A-LSTM Fil DE-XGBoost, FATE H#Fx A A-LSTM+DE-XGBoost. H4, AT
IO RE R v AN B (A Ak, FRATTHE LA LSTM. A-LSTM. LSTM+XGBoost fl A-LSTM+XGBoost i
frEegg, o, LSTM A1 A-LSTM A3 BLEZ A I 56 1 By BEO 8 Ji5 (K04T 25 v HIE 4% BT SKS I 45 JAE by d5c J R4 7 45
B, RIS RS . BOR AR (I S E o I 18] 35 K 8 LA % 35 4 g R AE T AR BT 5% B {8 % k45
SERMH AT T 5850, 205, BATTR AR SRR Ath— S8 8 WA HEE 7 1R AT LA, DA UG WA R 4 4 35

DCG,(K)=>_

(43)

(44)
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HENIETE L
441 XFHSEE
h T R A AT AR ST BT HE A I (AT R, BRATTRE LA SOk T T HERE I LR & 5 1 S AR S T A
HEE R AT L. AT Bk ST AR MR D7 T (K IR D AR T VAN AL T 1 B R
EHEAE VL. HARA B R,
(1) T WA 827 77 7 (content-based recommendation): J5 i faii#kh CB, Ml Tk H FrH 2 5 1
YA AL ) EAGECT YA AF 20T R & ARE, I 5 BT A A HEREAT S5 Rp AR EAT AL XS L, 4 AR 2
M AT S R 45 TF R 3, AT 45 1E R ] TR-IDF AL BE G AT S5 T SRk, ARUPE T84 2R
FHAZ AL, A 20 (45) TR,

sim(DB,T (45)

)_ﬂ
Bl
Hop, DARFIFREMFFAE IR, T ARFRATS MR AL ) &
(2) FTFH 2 (W R i g HE 75 5 v (user-based  collaborative filtering recommendation): Ji& Ifi fi#% 4 User-
CF, A i/ Fe R JF k2, B BRI H AR R F AT 5 DB BAR PRI T R #F A, B ES
T R IR OGER 1Y) B H AR T R MR SN AT S HEE 45 B AR R ¥, R 2 T A AL T 8y =X
24 3 (46) .
sim(u,v) = MW N
[N(u)UN()|
o, NREIFRE u I NSRS, NREIRE v SN IESE4.
(3) HETWy kWb IR] i g HEF7 7 72 (item-based collaborative filtering recommendation): J& 1fi fii#Rk A Item-
CF, A R RAT 4, WIEARYE BT A T R #H 11 AT %S 585 0 5AT 4 2 Ak, 285
05 Hbr R #2515 AT 55 A0 S BURAE S5 HER 45 H AR FF R, AT 45 Tl I AR ARLPE o 55 =X 24 =8
@)%

(46)

IN@) AN())
NG ON()
Horp, NOYRERS I AESS | T RE &, NGRS IS5 § KT REERS.
X LGS R 25 R P 9 .

sim@, j) = (47)

0.7 T T T T
A-LSTM+DE-XGBoost 1
B
0.6 User-CF 7
Item-CF
05 ™ -1
S N
\ o
04 [ 1 ) ~ -
| "\I
03 | N N ' .
N Ll ]
0.2 |- N -
01 - [~ -
o \J I
0 Y s
Precision Recall F1 NDCG

Ko xftbseie
B R g8 Jn] DU H, W b ) Jok 8 7 75 B Item-CF il User-CF HEFE R ILAS R AR LF, PR X A J5 1
B R HATAT PR 5 R AR5 UL, & 208 (0 B [R) 1 9B D79, i eh T BE LT 6 vh BT 55 10 28 i J LR, o A
TE R TT 53 DI AT 55 Db 1) S e/, AT 3 BB MOR B 2. 2T, 25 T A R I HERE SR T AR
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FRRAE, — R BRI THER AR, H2 i TR A WRFIE & T R & KIS 50 FAE SRR IE, WA 23]
FER A MR W LF, B &A% ERITREN T —IUT S 54 ), BRI RAR T A SO (B2,
4.42  HEFEHIFAC XL 45 B

Top-K v 3 15 56 75 22 2% L& IR HERE FIRAC S K RIS S R 52, ZEAR L gh, TATHE K 4370
Bt 1. 3. 5. 7. 9. 11, AR B AR LSTM. A-LSTM. LSTM+XGBoost. A-LSTM+XGBoost #17
ST H, A E A 17E Precision. Recall. F1 71 NDCG $545 AR R T, 5256 45 S an ¥ 10 Fios.

1 T T T T I ﬂ!L.STM-rDE-xGB:oust ——
A-LSTM+DE-XGBoost —m A-LSTM+XGBoOSt —®
A-LSTM+XGBoost —e— LETM+XGBoost —
o8 LSTM+XGBOOSt —w— 0.8 A-LSTM —a— |
i A-LSTM —a— | oM
LSTM '__::_’_:“
06 |- 4 _ 9 e a
§ ——— E -— )\
— - —— —
Y S — IR — :
__-"'"*—-‘:"‘"‘-*_____q-_“"“-__:_‘:—_-" /A-"'"PF—'
e — -
0.2 | — 0.2 _
0 1 1 1 1 0 - - -
1 3 5 7 9 11 1 3 5 7 9 11
number of K number of K
(a) Precision (b) Recall
1 T T T T T T T
A-LSTM+DE-XGBoost —m— A-LSTM+DE-XGBoost —l—
A-LSTM+XGBoost —@ A-LSTM+XGBoost —@— |
08 L LSTM+XGBoost —m— | LSTM+XGBoost ——
- ALSTM e A-LSTM e
LESTH LSTM + —
06 |- B
- g —.,— N
B e — e —— A —
04 Y w s ¥ N
e S N -
t—"—.“:,—-" — — A —h
024 - |
o | 1 1 1 [ | 1
1 3 5 7 9 11 1 3 5 7 9 1
number of K number of K
(c) Fl-score (d) NDCG

Bl 10 HEFED A SR 4 45 R 2

MEL10 7T LG, HERE SR KA RITEN Fa b B A AN R R 52m. & J5 % Precision Rl 45 447 51 %
S HE N T B (] 10(a) Tz ), Recall Bl HE4 41 R BE IR B mnmi 48 s (an 18 10(b) ). X F B Y
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