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Abstract: Bike-sharing system is becoming more and more popular and there accumulates a large volume of trajectory data. In the
bike-sharing system, the borrowing and returning behavior of users are arbitrary. In addition, bike-sharing system will be affected by
weather, time period, and other dynamic factors, which makes shared bike scheduling unbalanced, affects user’s experience, and causes
huge economic losses to operators. A novel shared-bike demand prediction model based on station clustering is proposed, the activeness
of stations is calculated by constructing a bike transformation network. The geographical location of stations and the bike transmission
patterns are taken into full consideration, and the stations with near distances and transformation patterns are aggregated into a cluster
based on the idea of data field clustering. In addition, a method for computing the optimal number of cluster centers is presented. The
influence of time and weather factors on bike demand is fully analyzed and the Pearson correlation coefficient is used to choose the most
relevant weather features from the real weather data and transformed into a three-dimensional vector by taking into consideration the
historical demand for bicycles in the cluster. In addition, long short-term memory (LSTM) neural network with multiple features is
employed to learn and train the feature information in the vector, and the bike demand in each cluster is predicted and analyzed every
thirty minutes. When compared with the traditional machine learning algorithms and the state-of-the-art methods, the results show that the
prediction performance of the proposed model has been significantly improved.

Key words: bike-sharing system; bike transformation network; station clustering; data field; long short-term memory (LSTM) network
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ARSCRTR AT 2 R 28 R R 4 S i 2t i i) 20 A, AR ACRFAE IR 38, Wi s RS B KGR L AT L

5K 2200 T ] 6 Sl 0

L2 AR RS, 0. R KBS 2 A DI, 3 4 4

SRR D R R IE A DX R R AR R . I TR) DR 2R (R R S et IR A AR S, TR EAN TR A 4,
PSR TER TR AR, B S8 SRR KA, Nk, 7F R 7R R IR A4y, 3 Be 2
Frdn. N 1 R R A G A A R G 0 R R S s i s A AR, WA, RN D RO ACTE LR A
FI DX, ol A R B o A L s 4 T N 10 7 9 B 38 A Al IR 00 8 e O X 3k, 3l i PR 90 AT LU 3 A7 .
3.3 45 {EsEMERIE

1 LSTM ML v Sy 7 5 - M R A5 v il 1 T 45 3, ASUAN O o J g T v or B 2 0 Hoh 45
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(KA, T ORI AR5 3.1 RIS 3.2 B U S AR AL F A D H B TE A, A0 S AN B, s i) — YRR AE
B, LA K4).

TE X T(FHEFEFE).
X XE X/
X= & 4)
X, X2 ox{d
o, BRI AREAN TG 3 X AR T AN AR5 | AN S AREE IO I (K 3, § 3R B 24T R i i v 1 3 A5
i, | RANIEIREE GRS B AR MR AR S, TR0 45 5 oA B AN il 7R AN TR R 22 X . 1) B 2R 75 3K
B.ONHLL 3 AN B, g AR R RN Bh SR ER K, N s
wimigns EH A6 Wz EE WA W BEXER ATiE XE
X - 1 2014 9 15 1 66 73 5 10 8
3 2015 2 8 6 58 67 2 10 3
11 2015 3 14 4 61 66 5 10 4

4 ETFHIFEZESBESL X
41 TiERIE

% Google P T HER 541%: PageRank!" Oy JBAR, 2% B oh 18] S 726 08 (B0, 152 0T ol s (R R J3 . 3
W, R T 5o 4 S 2 0 B R R IN 2% S ol 5 A BN B ZE B R 2, L 52 BA 2 R 8 b AT SRR
AR TAERI Sy 1) f 77 LAT R SR, 2o A S0P 2 tH PR R R W 4%, Al ol A R 7R B i, 433
2 [T AN B R R R R 7 A T A R S, O R AR L R 2) A
R ER R B AVEAL T ik, MAETT g UG R S B 3h S o SRR, RS P R M 4, ) AR R (R I T B
REA G S R RS AR B 3) 25 Rl i BRI AL RS, Xk s b AT RIS, b A B s Ay B BT
FLAH 2o AL i o5 3R . 6T B0 3 (1) ol S 2R L U AR SR BRI b 7 o, BARP & ILEE 4.3 5500k 1.

frfic sk i Sy A
Deparnes s 113 p— —) 30

o e
;':({-,‘;]T;r‘—hg ; Pt Pk :
i c i I
2-;_ ! nl’_ . =0y v |.: ! \..l
@3 03 4
TR WL A5G RN

)
\ i / \U\f-'\--h k
% ‘7’5‘3:““‘} LT
T

£ e o B

b o

h_i/,“;
VA

Bl 7 ol R nU B
i B o BRI, T LA R g T U ) B SR i P 3t A R, X ot U 3o 2R R ) 23 A [ £ SR AR
NI AN 23 HH B K H2 Bidh  mh A 2 B A DCSRp (R R 0, s w0 a0 7 SE IR 200, 08 i 92> 7 9 A ) Kok

S5 E8s

8
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REF=HE 5.
42 ShEGERIRE

IR R G, uli f 8] () B LR 5 7% I 29 W LA OR D — AN INBUAT 1) [ M 4% Az M2 vy, AN TR AR
AU, B MLRRWEA B R AR, 0 BB R R A R R, S
PageRank Sk i) AR AT~ FLIBC I B0 10 0 5 1 PH o v Sz 0 DR B2, BRI Y DCHEAS L IR, B
SR ER S RT DA LG O o 0 B, G RAR 20 0l p N SRR R A AR oy R R Y, B AN R R AR v Rk R
dj A B ZE DA A o R TSR, IS A o R B Vi S TR K.

TR ZERERG W 2t b, A At PR B B BB 2, )3 A2l PR R B . 3l P R 2 2
ANTTENFEW: (1) 25 B A LRl fU B S VR BRI RE W, 8 1 PR AR L, A 2Rl IR I R A R A
s (2) RIS T p N TRl SR R R, A5 BN IR TRl AL dy 2 R LA ZE G L dy IR R EE TR,
T R AT 4 0l i PR R B

AR SR T 3B AREAT BB 38 RO ER L. JH Moy 2275 A 22 3t meO0F 19 5 0 R L 7= 21 (R S W KB, M, 3
NIl RO 2l s A PR TR R LR, 493 B 23 2 (5) s 18 A 3l e R B R H:

H=(1-p)xMqurt pxMip 5)

Bl 20 A W& B B 8 & NEH d~ds X 6 N R EL BN, 270 RN A d, EB
it dy, WASIN—4 A\ dy B dy A 3L, U BB ROR R B SR, 7 5 IR Dl d R )
¥l 2 ds.

8 HAER M &R

8 1, EB Kk RAEACIN B3l G RN vy, M SRR BLZE GRS AE . BTG il AW GRS BREE U 0.25, FH
Je KT oBUE A 0.8, ik 2 2 (6) AWk, il LSRG, 152 5 28 1 mh s v BR
Vi 1 =Mxvy (6)
43 “HRBEEZE
B2 8 SR T AT 7 T B R 2, B R KA T
(1) BR800 B AR 52 22 R 2 S Mg 15200 G A I T R 3t ) S IPE A, Aol 5 B A ) i
A, ME LU I I R AR, DR TSV ORI TN R HERf 1. R SRS, R AR AR i i 2R
Bl —ANRR, AR T W, ARG T AN R, 0] SR R SR A T A A kR A DAER
(2) MISEREFZRE, — AT r AR 2k i, B2 5ok m B SR, a0 B P ek AR ANl
WA, PR Il s A ik ZE A AR 5 {8
(3) W ABBI S AE B, W WS — ARG, SR, T ERAS B A B A R SR IS e 2
HETE A 0 RS E Sk BAECRE T Y 2 A S, TEE M4, &A1 f R g2 A e, 5
RULE 9 5% B S K, D)L g Y TR R BOK . DR, W DA ST 2 M SR L O — AN g, R, BT R
B A KRGO e SR A, (RS AR AR, uh i d s 2 dy = A2 1 3 () R TH S 7 3 8 () s
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zid)=v,xe ° (7
FOrn, || d—dil| &7 2t i d B0t 5 ol RIS s3Rs SE MR BRL 7, 8 710 St ) PR R LS e R
AT — PP I T 508837 1 R 2R 2547k DFTLC (data field based two-level clustering algorithm), 5 & T
St A L, O (P A B B M (3 A AR R, AN, BVAE IS T R G R B A A AN R
B2 ) SR TN BE A R . BRI 1 R, EEP A

() FETH 42 WA HRI PN, FITEE 4.4 1545 AR B 22 BO0P Al 77 100 € 0 g AN VT R B2 A v O il i AR
DR, BE T R AL, 2 B D, K AR SO B g MR TR IECGE 147);

(2)  SEEAN AR N R IR R MR R 4-6 17);

(3) [ 2 R sl U7 AN B AR R R B, X B R AT AR 2 IR BRI TR (B T A7),

4 EHEPEER). PEEAG), QURERRLERE L UCHR 8E B FIEA U, MR, RIERCEE 8
1T-3 11 47).

BiE L ETHIMN R REIL

BN RS AL, D AT AR S (T, BB K, BRI LR k=0;

Hith: q AN SRR {CrnnCroane..Cgl-

Lo BT ob G B (i, AT B 1 2 2 45 21 N ERAE {Ci1,Chs- - »Cuia s

2. while k<K

3 k=k+1;

4. fori=1ton

5. Pl o AR AR R AR M;;

6 end for

7o KT BT EOR AT S ()0, R PR 5 B KB, 1350 {C.Cune.Cra):

8 if {Ck,lsck,2>-~-,Ck,q}:{ck—l,l’ck—l,b-~-’Ck—l,q}

9 return;

10. end if

11. return {Cx,,Cx,...,Ckq};

o AN 2L A HT

DFTLC $53k 2 AR AN .

o WM BUR ARl SR R R D (AR S I 4.4 1A Y, JRIE LRI 4% 5K 0 IR Y
2%, WA 2% O(nxaxk), L, k yikAQucs, WIER{EE N 10 Wk, BPONSEE T e T,
IRAREL— A KT 10 AT 1R IEAR

o B2 MTBEXEAU AN LRI, FINEEWA B REAT RER, AR RER
O(nxqxK). DFTLC 532 [ 1) 52 2% FE hy O(nx k).

Bl 3(ETHEGEH —FRETH): B9 HIRT 8 MHAUG fUR ML T HHE 7 10 — R KIENIETE, dy, dy,

de K 3 ANHIUHFE pro il A5

f£ DFTLC Sk — R rh H25 8 ul i A0, R 300 4% 0 il i ) 20 3] B0 20 el O AR P oD T AE SR A%, 1938

{Co.1,C02,Co3}5 £ GRS P [F]In 2% 18 il st A7 B A AR IR, e TR by dg X 3l i ds P AR 3R, i
H ds THTRISB d, IR, —RERL B KK, BB FIERL A&
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IG5

{C1,17C1,2=C1,3}

BRAEFIR 2022 5 33 55 4 A

(

DFTLC
3 R )

4.4 FEHILIER

{CU,I 7C0,2aC0,3}

© @
Y

—-

JEAKIR

DFTLC( s B+
LA )

A

DFTLC( 5 7 B+

DFTLC(# pifr i+

Fiz) LA TR

CNCY

{CK,]>CK,25CK,3}

{CZ,I»CZ,Z»CZ,S}

Ko JETHE K g

Hr

FE55 4.3 75 p, FRAPOLE RN EL g RFBINLKE, AFE g a7 EAF KRR b T #E REK%
O ANEL q LT A B e R SRR R, B IR B AR A D R SBSCR A R I A A, 2R A P il s R ATMABLE RS
AIRER, SRR A 3t A ABLEE /DS

R BEl | BRI B SR 1% C, ZEABE Pl AN ARBLRE e ol 1§ 3 SR Gy A ARt A5 P R4 BE S adi vk, a(i)
N, ) BRSO IR C A BITAT 3l i 10 a3 (o i R 1% G AN A BLE.

TRAF DA ASAEARLSE 2y i i 1 28 LA SR A% C 30 1) JI A sl 11 3 2 by (BD ol 01 5 2R A% C 1) 2R AR ) AN AR AL ).
1 SRR RIS FRRLEE n A K (8) s
bi=min{bi,1,bi,2,...,bi’q} (qil)
biq F7nuh BT 5 IAR Cq AFALEE, by BROK, AT i § AN Z S T I IR AR
R RF T RR R AR AX(10):
S(i)=M
max{a(i),b(i)}
1 b(i),a(|)<b(|)
s(i)=40, a(i)=h(i)
b(i) . .
ai) L, a(i)>b()

H AR (10) AT BUARIL: s()IVEEIZE(-1, 1) 1], BREEE T 1, Fomuh i ko 2 E R, Ak, W
BT T -1, Romuli 50 IR R B0 2R A%, QiR s() B 0, Ramuh mi 4 43 B WIAN A% 134
o

DRI 2 T 2 G0 % 3 2R BOE T A ol mURe B R A s(D -3, W T 2R PR N R — s A Ak, 4%
Ji8 FR AR N g (0 S AR R g O AN 5

5 HEBEFRMMEE

5 18 T R BTN (R, BRSO OC (1 Bt e v, 3 T 20 A K 2 B X TN 4 2R (1 5
LA SR (AR A I TR RIR AT O, T HLR R 5 V2L, DAL 1 216 20 B g ) R e e L o
Tt SR, RJRR e TR S N 2%, TN AEAS R 20 AN R R4 1 1R B2 SR

8

)

(10)
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51 T{E[R:E

A SRR EHCIZ 4 LSTM M 8 T — AN 2 [R5 LSTM M 2545174 32 1 T DeepML (deep multi-features
LSTM network) BiE I AT 3K, LL 30 435 g K ] (A1 B%, X REAN SR A% 4 IR B 42 75 SR 2R AT POl 2% Tl
TR BT T SR A SR AL 4 Aoy, i 10 BT,
() BAEREE: MR ERER, KGR T MATRICRE B, 3Em o i A ks
NI PN S B ZE ) R

(2) BIRTULELE: oA KRR LB X BT SR B, CREEE 4.2 AT B R R
WAl P 22 R AIE 20 A 1) 2 T 3

(3) ZINFE LSTM M4 )2 KAk [l S AN B 2 K 25 LSTM M &g Y rfr s F o5 B 4 s et g W 1) 2
SIS B AT YR, 13 BB R S5, TOMEEAN R A1 /N IS A sl m 0 BRI 75 3K

(4) BTG 0B AE R SR TN &5 T LA L O 5 RS H e E A

Hi AL L ZNELSTMM L)
o
Fi= (Oi,lfl’Fi,lt ==== Fi,nl’oi,l) fili)=: ‘ ’ ’ ’ ’

%M%ﬁﬁ = ety 2 LSTM

sy R e
AN

».
y

Bl R4 Bt L)

K10 52 55 SROTRUMIASE 20 T 4% J 2
5.2 DeepMLE %

ZHEIE LSTM M4t 5 15 Giph 4 I 44 B AL —FF, G 02 2 2 M@ 45 0. T 2 H5E LSTM M4 5N T id
20 IHE S, A5 A ICAZ 0 I A K 28 AL R AT B, T DAKC IR RDFE A A 6L, DR AR 3 @ ] T 30 42 7 SR 9
W) PR R T SRR Y2 DeepML ) 224 4E LSTM M 45 Tl B -4 Ff i, B — DA Z . P4 LSTM
R AN R AN 2, R HEOE BB dropout PN BB, W1 dropout 5 A5 IR [ A,
TRMASE R (132 Ak B ) AR A BT .

(1) N

A TR B FROMARE 2w Ay T SRS R A 0 R0 45 SR, AU TR A v S I A S R, T A
BERL R 58 4.2 A7 IR BRI RFAE I — ARG A o BT X, VR RS NBOE . DA AT I [ B t N R ACREAE R — A
B ) B {t—1) P9 A AR B0 ke T | — AHJIH?E&{Hl}WﬂiE'Ji&iM@ P RRAE 2, A RADFTR:

= (O Fiss B0 (1n
Horh, Fi RORTE M RTINS (R BE t W 2RIK C m%ﬁwi,ﬁﬁi—ﬁ@&wnw R Ci MRS ZEH0R Oy~ 4RI
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] B t SR A% Ci ¥ n /SRR RS A1 T I (] B t 2R A% i IO -4 O,

B SR PRI ) B AP IR B N R = 4k 1) B (samples, timesteps, features), L1, samples, timesteps, features
DTN . DK Py RFIE R . A 2 RRE LSTM W9 2045 200 vh g N\ = 4 1) o, i dlr |
AB I BOR A D, B timesteps=1, TRIAEA RISARL B RS F—B BN R TR, A0 R F
SR 7] B Rk T

Oit+1=DeepML(F; ,...,Fi«1,Fiy) (12)

ACHH £ N LSTM B (4 NG T R dehiiE, RIEE 3 5158 A 22 i R I AR I TR A 1)
B, FITEE & R K08, ARG RAIN RO WA, BERGER, Al . KoH). IE R EEER. A
P BIZL B, XRET DURIE A Rk A 5 i A IR ZE e DR 2, 3 i S o v A b SO A I B2

WRATH R IE S LS, W BB AN RERE . P AT B AR, nf LRI 850 R AE R 49 AN [7) 4 FE
fE I, AR AR E X F B e 1) &

(2) LSTM 2

EASR—BERT I], F P 0 B8 A5 A SR (0 75 SR 1 23 52 2 i LA A7 — B I ) B 2R 0 ORI 2. BRItk A
T ACAE R I 18] AT 3 5 RRAS, A S BIRESE TR 4 AN EES R — I ZI R AR N R R sk B s, Hok
BN R/NECR 30 4080, BbAh, WE TS LSTM =, #2404 50 M4,

T ZHREE LSTM M4 (R, A SO keras FESE T (1) Sequential(-) 7 VAR B4~ LSTM ZHEATHER, B
T HJa—)2= LSTM K24 return_sequence 7 Z2 % & 4 False, HiI N-1JZH return_sequence #8%E 15 & 4 True, #F
T ARAE )N — J2 A% 3 A 24 I TR 254 I g 20 7 35 SR ol 4.

P TR 3 B4 ) R e B0 T R A AE AR SR A, R P A R A A {1 ) i B R A T SR At
FATE SR SRR Y TROMAE, BT a5 5 (0 TR0 R 2 A A SR AR /D, SEBR B ESEIRZEAR IHAR K. 7R SRR R 04T 4 17
B, RIRAETRELL 7 R A—A AW, A TIHBRITFI B A, DeepML SR ¥E 7741 (1 J& 1 vk 3k 47
ZIBH, RPN TS, K225 L — 20 R4 T R 22 AR R A H Fr.

h T A TR Y B 24 ) BN SR RE AR Z TR I B PR AiE, 2 H5E LSTM MR A RS 1B 12 M5, 4%
FEARBEAT M ZRRd FE , ORAEFE At (batch) 2 [A] PRRZS A5 S, K 1Tt 00 VI RAE AR S E VR A T — /U2
AU BRCRAS, MR FEARRLZ M7 AEAF B AR, AP AL MRS LSTM W 4% 75 B AR UE AT
FH I 2R A S BB 1 B A e, b p =R sRAR I B 7 R, IR RN ZRoe — MR b 2 J5 75 22
HE LSTM R,

EZHFIE LSTM Mg, i sigmoid pRZLRY IS 2 AN ) 1T SE DU S k. 1 softsign pREURE T
fES 1) tanh PR 2L softsign RAEX5 tanh BAECRFIEARAHL, (H T SE 22 B MR, BT LU ZRid 5 58 P

LENS B T I )PP 51 2 A7 AR B A DGR JEAE b, 38 A4 B OR AT AR AR &5 R 24 1E LSTM W 45 4544,
B L AN B TAD 5 (1 SRR 5 SR SNG4 T T 2w it () BB, 3 1T S 4 R A B IR A2, 2R 1E LSTM. 99 45 45 14y 1 1]
11 FioR.

=

B 11 Z454E LSTM M 4% 451
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2 I ) BB EOIRAS h AU 1T I W) BEA A x A3 5%, T HL S AT AN T BRPR S K. h TR h
FUxXeFWi_ xhe  F Wi xhe ot AW xhy ).

b, w AT u RIR B RE, hey R Bl 2 b BRRAS. 26 SEBL S I 1A )R] B IR 7S DG R,

(3) &EEE

TEVH B2 5 R A 1 LS 5 WO 2 A) R B R AT, R 22 e 0 47060 LSTM J2 ) HH gk AT 4
AR, AAFHTH I RN S E N W R R Bl SEREE AT RN RS bR A RO, SRAT
TR IR REAE, BEAT L= B 425 SR P00

ZINFE LSTM M4 A& — M2 E)Z, X LSTM JZ2R B & RiAT R giab 2 )5, ROREARGEE. BRh
AR SCHFC IR AR TR SR B T, Jr AR I 2 A0 35, F I 4ERE o 1. tb4b, i dropout B2 AR A% Hh

g R bl b — e HO ) T8 2R BN g, BT el A AR

(4) Dropout i K

A ICKE dropout BEFAE p ¥k 0.3, p A KESEERGI AR E. WS R 24 p=0.3 I, W LRI
PREUE I, TEIIZRIT, RS ITIZIR 0.3 PR R KEmE, X4 #h & TUAETT G A 3% h AR FFA AR, B
THBCE. 7EMRAR, NIRRT HOEIRES, ST REL R 0.7(F) 1-0.3), LAFTRIIZ T
) a0 N B8 (5 N e v 28 o 19 S S A ).

(5) Hth )z

Ko Z R FE LSTM M I ZRFEAR G A — b AL B, iy LU H 10 45 S 2 20 0 — A I bR e, X % Hh
S5 R G A, RO REA FEFRAEAN RN T B AN R ARG T I S =7 sk, 3482 2 1) i L 4 Dy il
JERARN, B A4 2 1 i L A S AR e I B A B e 4 T 5 R
53 BZEREN

DeepML SIAMSHIRMA 4 B, 7052805 AT St DTl RS, S HE 00 4x((d+n)x
r+r), Ho, d RN NRHIE R 45, r R Ba= M 4 o AN 2. ﬁ/%ﬁ’]ﬂiﬁ?ﬂ%f’ﬁsﬁ’%ﬁiﬁﬁﬁ%ﬁ LSTM fii
H R GG I BT 40, IR SHE R I [ 28 B2k O(axbraxctbxstexs), o, a Fonfih oo 4
0, b LORBEEER T AN, ¢ RORIAIZ TR/, s RORIAIZ IO KRR TN 1] 458 B T H HEAH I BT
L
54 ILE%

DA B R 1 2 G BRI 2R 07 2K, AN BB s KA H BRI, B0 BT e 2 70 i 22 T 286 v gt
W I AL B3, W T I 2300, 35 BE LR J R F(SGD) RMSPropt!, Ftrl®®), Adagrad®™4%. 7 048 I 2 k6
fL N A 1 — Fh A% /& Adam (adaptive moment estimation)?®), % %45 & T Momentum A1 RMSprop 592 1) /&
M, LIRS SN AIE N R, N EASHE AR R RSN T, R EE RO, AL
T HA B3GR A ) B, WSO FE R Adam FERAL SRR LT

ARA)T TG R — B A R )m,, Hor, g 2 5UK BB R A S H 05 t DR SFAFRIRIBEIL,
B TR — B HE R S e R 2

me=pF-me 1 +(1-51)-0c (13)
ARAHH T ¢ R RER B4 v, H, 97 FoK” 9 Hadamard #, B o8 B HO 20 R 50
Vo=V 1+(1*ﬂ1)912 (14)
AR THE m W ESEm, Hrh, BRRE (IR R 508
m; = 1intﬁf (15)

NRAO TS v M EFFIE v, Hob, B 3R IR I R .
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: (16)

NIRRT KNS 0% B 1L Fe:
6=6-1-a*

m;
o (17)

o AAFRRDK, W B ENN/ME, Bk IARER 0 FIE DL
o gRFE, BWHSHAIRERNEE: R REE K, TR, ThESRESH
TEBACE P K 0172 5, 28 ToikAE A B 0 i 1] Y e Sk B R i s D08, a0 SR B RS, WSl 7k A
(RN aL
i FIR A RAFE, T — B RS IR S o el R IEA
SRl R rp, 2E S REAE — A VS N, SENAR I LLESF RS, M R LA ER, AR B R AL S50
fift. FEARICH, Adam 5% 3 DN BHB), Bo, a5y IFIER1K 0.9, 0.999, 0.001, 107°,

6 SRS

)
=

6.1 *LLHE %

SEIG R, B AR CHR 3 T REE I 1 R RS DFTLC 4303 5 k-means 592 FI AN % 18 B 42 B RS A 5 1
T ZH R E DFTLC-a SEMHT L. A 7 I8 UE A SC AT 38 TR A R (R vk df 1k, K A SCER 1)
DeepML Tl 5L 5 LLR 3 RSyt 47 0] LL S5

(1) HA (historical average): 187 [J7 52 X V. IS [A] B PN 50 7 £ /340 o PSP 35 AR S Tt &5 3L, 4610 el ) —

7:00-8:00 FALZE(H H Hci, JU) A g sk AR A B X IR ] BE PN 2 A A 1S R A AR D T4

(2) GBDT (gradient boosting decision tree)!*): i id 2 W IEA A 2 A AT K MM, A2 S 23 1

GAE b0 ) SRR ZE He Al AT, KA BN 2 2 S BT IR R, 15 B B 24 1 T &5 5

(3) HP-KNN (hierarchical prediction-K nearest neighbor): %5751 56 1 T W B 4= 4 3 4 A8 B, ARG

U R 75 10) I 4 B, K 4 3 ) 45 4 M L A1) 0 P B0 S SRR i, 2R T KNND BB 2 ik
TH.

6.2 LISHIFERINE

6.2.1 ILERAEH

S il 4124 Citi Bike 2452014 4E 4 H 1 H-9 H 30 H I3 8 4247880 3 (https://www.citibikenyc.
com/system-data/). H 6 719 fHIL T ALY 337 N uk S TE AT 5 359 995 4 7R E RS0 5%, BIRAs (TR
INfE) . IR . BRI A A ID. R R/ . Bk ID. Bk A/ ). A SR ER
2014 F 4 A 1 H-9 A 10 H AT FEEH /A IZRER, 2014 4 9 A 11 H-30 H AT R L 15 0 k4.
622 KRAHIME

SIS AL 2014 44 H 1 H-9 H 30 H RS EHE, KIET mesowest (hitps:/mesowest.utah. edu/), ic
i%ﬁ;hﬁ}?ffﬁ&%l’iiwaﬁ%m&mn% o, 2 R AR bR O R i — I 2 B AT S S, RS
P IFEAT A — AR B s I R R R A IR RS R, WSS A IR AR — R, T e
LSS (g
6.2.3  SZIGIRIE

A SCTAT BEEA HIIH 7] %) 4 Python 5 5 iR SEBL, 44 & b 2.8 GHz Intel Core i7 1) CPU, WAFH 16
GB, IZ1T7E Apple [ OS X ¥ R % I
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6.3 IEMIER

T VPO T A B A, AR SO 29 7 AR X6 $0R 2 (root mean squared logarithmic error, RMSLE) 14
1% % (error rate, ERVWE N PPN Fia bR, LI 845 HI T4 e A A5 A T 4 Bt (9 000U 5 B0 SEAE 2 ) (R O 22, 58
XX (18). A (19)Fi7xR:

l o1 Zi'oi’t_oit'
ER=_> S o (18)
T i=1oi-t
1 1 ,
RMSLE =?z; \/a ! (log(O[, +1)—log(O,, +1))* (19)

Horb, T RO BN, o R RRAEL, O3 Rom t IR BN R R AR C P 5 A 80 B3 fE, O R t i
B B W AE SR % Ci P 18 25 00 O T
6.4 BRBELMREDIT
6.4.1 Ui R L LTI
A S A FH 3 T 08 3 1) G SR SR SR S AT SR, WA 4.4 WA HIR R R BGR ARV E, 2
B e B IEAE W 12, 25 F1 23 1), k-means, DFTLC-oMl DFTLC iX 3 #h 5k B4 58, g 12 Fiok.
RS e, =3 S FET L RIS

- G¥n = 7 o7

2

(a) k-means (b) DFTLC-a (c) DFTLC
K12 simRRLER

TG LR & 12(2)f] k-means TR AT B 10T AL ki AUECBLSCR, 0 B oA B I N IR, TR R
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