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e M 7 e s () 5 FR . MBI ST 4 R A XSSO B B A AR AT A A AR AL A A [ A
3 T A% G2 19 46 U 48 0 45 CCNIND TG VA AR X P 28 [RLRRAIE . Sk 1 4l 3R b 42 JRy 1) 55 [a] ¢
AIE o 3 b A B B E AT R AT SLER Hh T O — 2WR A T i, BV T e T 4%
(GNND fy 252 Ay AU T 77 32 , 38 2 51 A Bl L 3E (Random Walk) | &1 45 B # 48 )
2 (GCNDZE ¥, 314546 RNN 5 HIER ki) Transformer 25 35 2 TR Z i, W
AEST %, [AIE, ] DRFE R ) 3 — A IXBCE 7B 97 558 DCRNNLSTGCN 1 GMAN
S Rr IS R e o R B TN 18

Wil 5 HE PP 2SI B AR Z 058 51 A T B8 2% ) A I ZRA RN AT 55 2 > 1 Al
X JEEE A O B AT TR . SR AL RF SRR AR T AR
RegionTrans B R 2% > i, i JoF) H BLA 2086 7158 H pr 38 B9 4 A4 DX S8R 5 48 B 32
(A AR & BT 8 3o 2 AR ALY i A 380 35 F TR B2 2 =T (9% T ASE 76 v 1 Ry 249 3R 50 2 8 1
39 T B0 SN R S BB A T, BB R T — G — A i 3] i 1 B 23S 3 T
4% ST-DAAN , WECHE 5375 14 FA B2 15 B B 3808 1 2% DAN 5 R 2 % MMD, %
F 5 BV PR R B) H bR, DU B B A B 0 3 AT S A A O TR
[FIF, S T 2 08 A T 5 - E A COD) T A A e e, 253 R I T MT-ASTN
REIRY i) FH 35 F X028 2T 1 AT 55 2% 2 7 8%, 2 2D AN AT 55 10 A A6 R AE , [) Bl B k=2



202

REF S 5B KEELE

HH GBS OD i,
5.2.2 JEt i R ORALRIESE

St A 9 B A T 5 BE O ST A B L S S s A L s A R i S
e S A 2 E S IR B H AR B [ 9 A 3 s B e R AR F 5
PEAT ] BELRIR

P S0 Xt 5 B 2 1 3] B2 O AR AE 5 HE B L AR R A AT 5 b L B ST B 2R AL
W) AR 53k AT L S A IR B AR o IS AT — O 0 0 e A S R e A R
SCONFE R X BE A — 1 O B U B IR AT OR A s AR 5 — W RS R
T LA A B AR B I AR B AT A A TR e b R RO SO T
P % WL B s FR A 1 ik P B RO AT A s RS AT BT S IR 12 48 T i L TR
o3 M X B A A R BR AR AT SR 2 0 AN TR R B AT 2 IR B 2 o0 Al HE AT A s R I AT
WFIEH 51 ZR G B0 7 2 A fif ke 36 52 B 2% 5 14 80 285 1 4 1R A SR AN AR SR R GE Y
AT E T 585 75 JE B VA B RAS [RDRE, AT 5 3 1T 4R 1 1 2 9 R A B /M Y B 4
Pic ik 1) sh A AR AR 1 2 ) Tl e o ) SR DI R BEE AR 5 D T XA [ 3l A [
AT S — B AR TR A R ORI B O R I (9 4T 45 AR GE R 9 B A 423 BiE 7]
RRSE AL T — R LB s 384T — 0 0 BE 5 AR B LAR =7~ 07 %k o E % 18 31 A 52 i 3t =2
B B DR B AR D R A i A B AL e o T AR rp DR A S A A B B R 2 ) B K
1 BUAE OB T 15 1SR A7 o) %) 3L 52 00 A2 1 98] B2 S 2 AT DAL DA A A . (ER
G %8 B IR) R AIF S T e T BRGSO L A BE R TR D

] P o 2 o L B A g i R A A AR 2 AT ST . ) B 5T TR e A
TE AR AR R W I 128 8 AR 15 AR 55 5 R D 245 X SRS A2 A AL 5 B 4 3
JEE TR AT SR A 5 JE R AT A5 A B S B 7 i (3 OC AR AR N A AR A A 2y ) A
A7 P ACHRR B0 32 08 4 2% 38 B2 B A2 00 b 1 R AT SR Mgt 5 38 AT BIF 50 % T8 i U 4 0 AT i I8 4
Y ST BP 2 1 2 PO A 3 27 ) 20 A A7 0 3o s SR B8 N ) 7 N i A A R O3
RACTARETT 55 53— R Wk 5 2 1 ] 3R 26 S Ml 42 9 75 12 20 v e R 08 T 3G =5 B0 4 1) 1 A
RUHE X I 23 FEAE A, O JE T A R S

5.3 HiERHNFREFRYBFEEEGN

b B A U B AR R A A A A L S B e A R L R A A
EFE L AR AR A . AR TR SR A0 T LASE TR 5 B A L S B ARG AR TN O L R
1M Ak 22 36 Xk 4] 2 A A L R A S A R R L R R A R R A R BT B A R S
B AR AT BT IR o [R) I 23 00 BE R B0 42 e AR B AT T A 4

1. AN FHEHEHEHITFEE CitiBike

CitiBike 2 29 H I Z B HLT50PE . & 2013 4F 6 H ~2021 4F 7 H (&
EF BT ORTTED A Al 29T 5 BN T A OB L S R A A B L AR L 2015 4F 1 H ~



$58 BETREFINHFZBEEHTEERGILE (203

2015 4F 12 M%HE 0 1), S ok 16, CitiBike 72 29 857 T 48 600 4> A AT 40k s, JF 4%
BT 10 000 FZE 45 W FAT 4, B 4R T B B AR LB BE AL 11 A B AT R R AT
FEIF U6 HO /0 (R AT FRES R H /B ) R AR 0 A g R R R A FR R IR A
LG 0l 5 2R B LR U G (AR I A PR VLR A LR A A AT E e
SRR EH M. BEM BRI E4E T8 2015 £ 1 A 1 H ~2015 4F 12 H 31
H 888, & 8PE 8 JuE 7 45, CitiBike B ™ Chttps: //www. citibikenye. com/
system-data) $& {1 7 A AE (73 (14 4 i ROHE AT R AR, HLERAE T IR n B SR UL, AR
DL R B8 T Ak 1 R A o 2 St 5 B A0 R 4R 2015 AR B A I 2 0 A N 2 D L
i . CitiBike 2t Al #LAL A 1] 5-1 Fr o .

CitiBike 2 A A] MLAL Q0] 5-2 Jir s

5-1 CitiBike % H 711k 5-2 CitiBike & N AT {1

2. ZEMFHZBFHIEE DivvyBike

DivvyBike J& 5 T2 4 BE M 2 N BF AT L B i Z A AT £ Z R G
Divvy #E17 5088 R4 & 2013 4E 1 A ~2021 4F 7 J 42 0 85 w3 B oy 0 4t 72 e 72
AOECHE AT LD 2015 4F i 3k 2 B A5l D . B R B3, DivvyBike H# 37 T 580 Ak
A IFROBCT 5800 M A AT 4. M 2015 4F 1 A = 2015 4F 12 A, DivvyBike #45 # i3 6
7% AAT EAT RS o B AT R A DU B AT R IE AR I ) AT AR 4 R
(] | A2 Qe 3t 5 G L RS A 3l 44 PR LR A B 2 B RS AR il R R VR R T VA
U R AR LR A LR A AT S P R AR BRI T
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B0 A 4 AR 1 Y R IR e AR . AR DR B R AT AR T A 2
B R B 2015 4F B I 20 28 A% B . DivvyBike 2 AT 946 W 5-3
BN .

DivvyBike 2 A AJ #LAL 4] 5-4 iR .
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import pandas as pd

df = pd.read csv('./Dataset/NYC Citybike/2015/201501 — citibike — tripdata.csv', sep=",")

print(df. head())

2015 4£ 1 H CitiBike /» AN & 5-5 FF 7% .

start start start

start

end end

end

station  station  station station station  staion  station “‘,::;:;‘;‘; vikeid usertype Dot gender
id  name  latitude longitude id name latitude you
Stanton St
0 jaqp V12015 U015 o TAveS  uoo00000 73969053 265 &Chrystie 40722293 73991475 18660 Subscriber 1960.0 2
0.01 024 E44st .
112015  1MR2015 9 Ave & w1558
1 363 k015 015 e SARE soranira acomses  asz WISSIE 40730355 73999318 16085 Subscriver 19630 1
1H2015 1172015 E24 5t 6Ave & W
2 346 ) 491  &Park 40740964 73986022 505 40749013 -73.983484 20845 Subscriber 1974.0 1
0:04 0:10 A 338t
112015 112015 el ? Estayotls
3 182 , 384 40683178 73065084 399 Ave& St 40682515 73064763 19610 Subscriber 1960.0 1
0.04 0.07 Waverly
A James P1
Ve
MRS 1HR015 5Ave & E7Sta )
4 969 ol 0% ara AARE w7asies 7semsenr a2 ETSIE s7eo1e 73083799 20197 Subscriver 19770 1

5-5 2015 £ 1 A CitiBike 7~ fjl

& i TEBORZ o DURS kb B BB 5 45 B Be I e Be L i O B

WA AR

df columns = [

'starttime', 'stoptime',

'start station longitude', 'start station latitude',

'end station longitude', 'end station latitude'

]

new _col name = [
'pick up time', 'drop off time',
'pick up lon', 'pick up lat',
'drop_off lon', 'drop off lat'

]

df = df.loc[:, df columns]
df.columns = new_col_name
print(df. head())

T B s BoR Bl & 5-6 ffs .

pick_up_time drop_off_time

pick_up_lon

pick_up_lat drop_off_lon drop_off_lat

0 12015001 1172015 024
1 1120050:02  1/1/2015 0:08
1/1/20150:04  1/1/2015 0:10
112015004 1172015 0.07

howWw N

112015005 112015021

5-6

S5 FH] Matplotlib 4, Ge it 5 w] #0 A Hh =2 B 42 O ] 28 43 B2 ) i TR, 19 L 3fe

-73.969053
-74.003664
-73.986022
-73.965964
-73.986831

40.750020
40743174
40.740964
40683178
40.745168

-73.991475
-73.999318
-73.988484
-73.964763
-73.983799

FrEFBRERRE

HH) BRG0P LA Y 0. 002 ARSI

40.722293
40.739355
40.749013
40688515
40.726218
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import matplotlib. pyplot as plt

plt. hist(df[ 'pick up lat'], bins = list(np.arange(40.67,40.78,0.002)))

plt. title( 'Latitude Hist Map')

plt. plot()

plt. hist(df[ 'pick_up lon'], bins = list(np.arange( — 74.02, — 73.95,0.002)))
plt. title('Pick Up Longitude Hist Map')

plt. plot()

e A | S AN T 42 B R A i 5-7 s .
30000

25000 r

20000 |

15000 |

10000 ¢

5000 |

0
—74.02 =74.01 —74.00 —73.99 —73.98 —73.97 —73.96 —73.95
51 £ZBE FEQTAREEERMESH

SCT A | A T TR £ A AR A A Ui PR 5-8 i

20000 |
17500
15000
12500
10000
7500
5000
2500

40.68 4070 4072 4074 4076 40.78
58 £EBE T EQITARGERRAMELS

Sy AT AL 5-7 R 5-8 AT L& B, AATTAE T 0 9 SRR L A L A A ST A
A
de e o HORE— 320 s« 2o A Bl 19 25 18] 20 A o M) R B PR kA T AR AR T

sample index = random.sample(list(range(len(df main))), int(len(df main)/30))

df sample = df.iloc[sample index, :]

plt. figure(figsize = (10,10)) # & B/ K/

plt. scatter(df sample[ 'pick_up lon'], df sample[ 'pick_up lat'],alpha=0.3,s=0.2)
plt.plot()
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2015 4F 1 A CitiBike RAEEE 25 (8] 20 A CRi il . 2252, 0Bl i B WK 5-9 Fios . 45
G ALy R T LI RER Al S s PR AL e B AR T AR AL AT O AT A B AL
AT FL G 1T AT A AY 5 15 2GR A5 SR AT AL T M TR b LR IO T M ROCR AT 2
% OpenStreetMap #4EF .

40.76

40.74

40.72 ¢

40.70

40.68
—74.02 =74.01 —74.00 -73.99 —73.98 —73.97 —73.96 —73.95
5-9 2015 £ 1 A CitiBike R HEHIE=E 0 (EH. 2.\, &)

st B3R ST, BEAE R BT M 3 S AR B I S A S R . A Y FE ST
St I B A A TBUE L 15 K A BT A ek R 0 AT ROAK R 4 B
A& AT LA LT R R R AR TS A S B O AR R B RS E . 7R IE R
YRR ARG T . S5 45 LA D22 00 58 SO Bl 132 3 00 47 b P A 1 R

EX 1 (FXXBD . BT 248 B 300 73 B m X AR B WA S — A X H
RAMEE R =1 sverar joreror ) RERXEE T X, Kb, AURE 1758 5
G- X3k

EX 2GH AR BB WPRILFREYPIBES  HE — DT X r, AR
A5 e LR

Ign,i.j — Z ‘l >1| 81— ¢ T, Ng, € T, ‘

T €P

xi)ut.i,j - E “>1 | g, € T, N g ¢ ri,j‘

T,€P

. T, gy >g, > >gp REPHLERNBRE BB THL.q, €r, , g, TKX
Sor o w L MURIER RIS KerEmb ] [l Fs ¢ B9 A AT 3 SO AR 5K B (Tensor)
XERMTE ’Xit.j.o :17€n.i.j ’Xit.,j,l :17gm.i.j o

BUMACHS fy B DF IR W 25 T GPS B0 I il A i o 47 DX 308 20 O e A8 R b o il
AT PR Ko

B BAT T, T LREL geo_to_grid O, ¥ 38 117 4] 43 W M 4% geo_to_grid O
PRGR 18] DI 2 5 AR BN R

import numpy as np
import pandas as pd
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import os
import multiprocessing as mul

import time

def geo to grid(geo):
lat, 1ng = geo[0], geo[1]
if (lat > LAT STOP
or lat < LAT_START
or Ing > LNG_STOP
or Ing < LNG_START) :
return —1
Ing ind = int(np.floor((lng — LNG START) / LNG INTERVAL))
lat_ind = int(np.floor((lat — LAT START) / LAT INTERVAL))

return lng ind, lat_ind

SRIG 7 X bike_get_day_hourO) pREI, X [k B0 Hh 18 s 1] =7 B A7 A AT o 3R 2 i
JC AT H AR E) RIS T,

def bike get day hour(x):
time list = x.split('")
date str = time list[O0]
date list = date str.split('/")
time str = time list[1]
day = int(date list[1])
hour = int(time str.split(':')[0])

return day, hour

ZEE iR BUE M 5T E XY geo to_grid() 5 bike_get day_hour() pREC, X R 4H
B EHE HEAT AR AT, LA 1 /INESE Ay Bk 6] ) B o B 3 T R 43 i DX 88, O AR BORR R B v AN TR H
19 B9 A Ti] B ] B A S DX IO S A U O S O A A B TG LAY flow _array JH
o J5 Ak B AT () B Fe H AE A B A b Y T E SRR LR AR

def bike stat(date str):
tl = [1
tl. append(time. time())
df = pd.read csv(data path + '{} - citibike - tripdata.csv'. format(date str), sep="',")
tl. append(time. time())

o

print('% s Data loaded in % .2fsec' % (date str, (tl[ —1]-tl[ -2])))

df columns = [
'starttime', 'stoptime',
'start station longitude', 'start station latitude',

'end station longitude', 'end station latitude'
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new_col _name = [
'pick up time', 'drop off time',
'pick _up lon', 'pick up lat',
'drop_off lon', 'drop off lat'

df = df.loc[:,
df columns]

df. columns = new_col_name

df main = df[
(LNG_START < df. pick _up lon) & (df.pick up lon < LNG STOP)
& (LAT START < df.pick up lat) & (df.pick up lat < LAT STOP)
& (LNG_START < df. drop_off_lon) & (df.drop_off lon < LNG_STOP)
& (LAT_START < df. drop_off lat) & (df.drop_off lat < LAT STOP)

]

df main.pick up time = df main.pick up time.apply(str)
df main.drop off time = df main.drop off time.apply(str)
with mul.Pool(48) as pool:

pick up array = np.array(list(pool.map(bike get day hour, df main. pick up

time)))

drop off array = np.array(list(pool.map(bike get day hour, df main. drop off

time)))

start grid array = np.array(list(pool.map(geo to grid, df main.loc[:, ["pick up

lat", "pick up lon"]].values)))

end grid array = np.array(list(pool.map(geo to grid, df main.loc[:, ["drop off

lat", "drop off lon"]].values)))
t1l. append(time. time())
print('Get % s Using % .2f min' % (date str, (tl[ —1]-t1[ —2])/60))
df main['start x'] = start grid array[:, 0]

df main['start y'] = start grid array[:, 1]

1

df main['end x'] = end grid array[:, 0]

df main['end y'] = end grid array[:, 1]

start day'] = pick up array[:, 0]

1

df main['start hour'] = pick up array[:, 1]

1

df main['end day'] = drop off array[:, 0]

1

[
[
[
df main[
[
[
[

df_main['end hour'] = drop_off array[:, 1]

start g = df main.groupby([ 'start day', 'start hour', 'start x', 'start y'])

end g = df main.groupby(['end day', 'end hour', 'end x', 'end y'])
start_count = start g.agg('count').reset index()

end count = end g.agg('count').reset index()

print(date str, 'have {} days which contains {} hours'. format(max(df main.start day),

max(df main. start hour) + 1))

flow array = np. zeros ((max(df main. start day), max(df main. start hour)

INTERVAL_NUM, INTERVAL NUM, 2))
for row in start count. iterrows():

x vle = row[1l][ 'start x']

+

1/
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y vle = row[1l][ 'start y']
day = row[1l]['start day'] -1
hour = row[1][ 'start hour']
times = row[1l]['end day']
try:
flow array[day, hour, x vle, y vle, 0] = times
except:

print(row[1])
for row in end count. iterrows():
row[1][ 'end x']

y vle = row[1]['end y']

x_vle

day = row[1l]['end day'] -1
hour = row[1][ 'end hour']
times = row[1l]['start day']
try:
flow_array[day, hour, x vle, y vle, 1] = times
except:
print(row[1])
flow_array. tofile('./ ' + 'bike
print('% s Finished % .2f min' %
print('* 'x* 100)

%s' % date_str)
(date_str, (tl[ —1] — t1[ —2]) / 60))

IR B S CitiBike JFUAR B B | B2 BURGR BT 15 8, A ) 22 46 B2 5%,

B2 A I S R A S BB A T Y 2 S LR A T 8 A B 2 S A B A S
SR SR J R ST EAT AR S 23 I AR IBURT IS 0 328 5080 S B o I AR 20 5 L 2 1k TR A
Gt « H I Lk ] S AR R AR LA AR 2 30 TS A A RS AR A DX A O
- 0 R A 08 L 14 7 o I e R AR A A7 A T 25 i S AR AN T

def bike count():

global INTERVAL NUM, LNG START, LNG STOP, LNG INTERVAL
global LAT START, LAT STOP, LAT INTERVAL
global data path, bike path
data path = './DataSet/'
bike path = './DataSet/'
# bike Ing/lat
INTERVAL _NUM = 32
LNG_START = —74.02
LNG STOP = —73.95
LNG INTERVAL = abs(LNG STOP — LNG START) / INTERVAL NUM
LAT START = 40.67
LAT STOP = 40.77
LAT INTERVAL = abs(LAT STOP — LAT START) / INTERVAL_NUM
for year in range(2015, 2016):

for mon in range(1l, 13):

if mon < 10:
date str = str(year) + '0' + str(mon)

else:
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date str = str(year) + str(mon)
file str = bike path+ 'bike % s' % date str
if os.path. exists(file_ str):

print('bike_%s' % date str + 'Exist!!!')
else:

bike stat(date str)

if __name__ == '__main '

bike count()

a7 B X bike count O) BRI, AEL G EWE. MK =, REEEAEET
. /DataSet/ HFH . % 2015 4 1 H ~2015 4E 12 H 4l 43t = B 284 42 CitiBike 347
AhEE L IT ¥ A A RN AN . IR BONE 2 A AR AR 45 Ros il an B 5-10 Fiw

[71 bike_201501 [7] bike_201502 ] bike_201503
[] bike_201504 [ bike_201505 [ bike_201506:
[] bike_201507 [ bike_201508 [ ] bike_201509
[] bike_201510 [] bike_201511 || bike_201512

B 5-10 HNFRETER AR F LS R R

5.5 ETF PyTorch WEZ B EHIFEE

5.5.1 BRI B b R HESL

AT AT ILE A CitiBike 0854 541 29 #4804 55 NYCTaxi, 19 g —
AT B JE T R 2 TR B 2 SRR, e AT SN SR . AEELSE N D, BT AR
J?I WA R AR WL V& J5 BUHE B AL DR 47 55 28 35 70 ik 6 308 T R A 381 ) 3 =2 o 42

BE 20 A BR 7 38T rp % B 2o s B s e B i LA RO A . R G A S 3
%%#%ﬁﬁﬁfﬁ S AH S, AT DA Bl i R 4 5000 265 0 e TR B S A AT O, AR
R IR ) v R R S N JEAR, R R K E 2% 5 (Maximum Mean
Discrepancy, MMD) , ## 37—~ VR B i 25 3518 L7 0 285 . BB 45 A 0% 32 L A B B0 3= &
F14) 58 38 T SRRl B Sl A s 0% B S T R AT S S A A A A T, PR R R

INF PR 2% | i R I H 2 57 55 5 RN R A 5 0 i AN, FLAT DGE o A A Oy XA R B R BB, ik
AR AN PR A

TR B2 B 25 30l 3 7 P 2% A5 U AE SR G 18] 5-11 Bl o 25 78— 85080 78 2 1 5 30RT — A~ i Him
i B 1 H A3k 2 2R B Y 3D B A (Conv3D) I 45K J5 4R 14 I 25 3 52 B0 4 104 e 5
Bl — AN A ZS [ SR 5 4 3% 32 I 45 (FO) 2 2 B> SRR AT 1 R AIE , I B a3 2 ¢
fE 0 A B A /R AR AR AT AR A% 25 (), R P S K 30 (E 22 5 MIMID AR S 29 o1, 9 20 Bl 1] 22 57
M IA BVHRGE RS 1Y B Y e 2 A8 B — 2 2 i L 28 A7 30 . ZE Ao rp RO A 20 i
FAHHE NYCTaxi £ 5 . 4 29 4L = 50 %2 CitiBike 8048 W B, 8O NYCTaxi /F 2 I 5L,
CitiBike fE 2y H bRl , B AR UL, 7 200 I A 2800 80808 WAL 21 09 NYCTaxi Yl 25 54 i A
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BERL 7 BEATLRAE — 82> CitiBike Bdli T 11 25 .

X={xtrelt-k+1,10} X

. Qutput
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Sparse

5-11 3R FE I 25 900 R ) 45 A B AR 22

5.5.2 BodRdEss

A B 2015 44 4E Y CitiBike F NYCTaxi B4, DL 1 /NI Sk s [RDRE BE L 3% 1R | 3R
B A T A B A= B IR 1) AU R L S a2 3 A ) 2D R ROk 1 AR 2D A o
XF TR VR 300 K AEUE U ZRAE X T H AR AT 300 KR BEALEE L 64 A I 7]
B AT N R S 32 R AR B e AR L B e 32 KA B D a4k .

B EA 12 A B I E TS R B R R AT 0 — 1k, S torch. utils.
data. Dataset 1Ay __getitem__ O REA_ len  ORECEZH A A S WL, a6 &3
5t Dataset 282 J5 » 5 Dataloader — & fif ] , DA 76 155 B I 25 Bsf AS Iy o 455 70 2 (L 250 . ¢
TFTHWE Dataset 25, iR EPEA KR, ABEAFHER,

TR BRI AR NYCTaxi il £ 405 40 F o H AR B8 45 6 /F 7 58 o8 774 H ¢
data_path, il data_path=". /CitiBike', 7¥# np. fromfile O FR L+ taxi TN bike, {0
Wr.

import torch

import numpy as np

def make dataset(data duration=3, label duration=1, data path="'./NYCTaxi'):
flow data list = []
x_data list = [
[

for mon in range(1, 13):

]
y data list ]

if mon < 10:
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date str = str(2015) + '0' + str(mon)
else:
date str = str(2015) + str(mon)
flow data list.append(np.fromfile(data path + '/taxi % s' % date str))

raw_flow data = np.concatenate(flow data list, axis=0).reshape(( -1, 32, 32, 2))

raw = (raw_flow data — raw flow data.min()) / (raw_flow data.max() — raw flow
data.min()) #IH—1k
print('Flow data read over!!!")

for i in range(data duration, len(raw)):
x_data = raw[i- data duration:i]
x data = x data.reshape(l, — 1, raw.shape[1l], raw. shape[2], 2)
# print(x_data. shape)
x data list.append(x data)

y data = raw[i:i+ label duration]
y data = y data.reshape(l, —1, raw.shape[l], raw. shape[2], 2)
y_data list.append(y data)

x data list = np.concatenate(x data list, axis=0)

y data list = np.concatenate(y data list, axis=0)

return x data list, y data list

o 5 R Dataset 28, REGUNTF

from torch.utils. data import Dataset

class NYCTaxiDataset(Dataset) :
def _init (self, mode = None, split = None, data_path="'./ CitiBike'):
people data x, people data y = make dataset(data path= data path)
people data x = people data x.transpose(0, 4, 1, 2, 3)
people data y = people data y.transpose(0, 4, 1, 2, 3)
self.mode = mode

self.split = split

if self. split is None:
self.split = [300 * 24, 32 * 24, 32 % 24]

if self.mode == 'train':
self.x data = people data x[0:self.split[0]]
self.y data = people data y[0:self.split[0]]
elif self.mode == 'validate':
self.x data = people data x[self.split[0]:self.split[0] + self.split[1]]
self.y data = people data y[self.split[0]:self.split[0] + self.split[1]]
elif self.mode == 'test':
self.x data = people data x[self.split[0] + self.split[1]:]
self.y data = people data y[self.split[0] + self.split[1]:]

213



214) FREH S 508 KR L

def __len__(self):

return len(self.x data)

def getitem (self, item):
self. sample x = self.x data[item]
self. sample y = self.y data[item]
return self. sample x, self.sample y

=

TEAS T Hp B F AR S R 30 A o o LB ML AR DI 2R 4 P R 64 A Ik [ B i) R R AT
Nk, BEHLIE B AT AT .

sample list = []
count = 0
while count < 64:
temInt = np.random. randint(0, 300 * 24)
if temInt not in sample list:
sample list.append(int(temInt))
count += 1

sample list.sort()
MME HAsdk Dataset ZEARS T,

class CitiBikeDataset(Dataset) :
def __init__(self, mode = None, split = None):
people data x, people data y = make dataset(data path='./ DivvyBike')
people data x = people data x.transpose(0, 4, 1, 2, 3)
people data y = people data y.transpose(0, 4, 1, 2, 3)
self.mode = mode

self.split = split

if self. split is None:
self.split = [300 x 24, 32 % 24, 32 % 24]

if self.mode == 'train':
[]
self.y data = []
for i1 in sample list:
self. x data. append(people data x[0:self.split[0]][i:1 + 1])

self.x data

self.y data.append(people data y[0:self.split[0]][i:1 + 1])
self.x data = np.concatenate(self.x data, 0)

self.y data = np.concatenate(self.y data, 0)

elif self.mode == 'validate':
self.x data = people data x[self.split[0]:self.split[0] + self.split[1]]
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self.y data = people data y[self.split[0]:self.split[0] + self.split[1]]
elif self.mode == 'test':
self.x data = people data x[self.split[0] + self.split[1]:]

self.y data = people data y[self.split[0] + self.split[1]:]

def __len__(self):
return len(self.x data)

def getitem (self, item):
self. sample x = self.x data[item]
self. sample y = self.y data[item]

return self. sample x, self.sample y

HyEE5E ik Dataset UG 4E , AN B B 5 A0 TR A H FR 38k DataLoader #8CHBANT .

from torch. utils. data import Dataloader
src_train dataset = CitiBikeDataset(mode = 'train')
src_train dataloader = Dataloader(dataset = src_train dataset, batch size = 32, shuffle=

True)

tgt_train dataset = DivvyBikeDataset(mode = 'train')
tgt train dataloader = Dataloader(dataset = tgt train dataset, batch size = 32, shuffle =
False)

tgt validate dataset = DivvyBikeDataset(mode = 'validate')
tgt_validate dataloader = Dataloader (dataset = tgt_ validate dataset, batch size = 32,
shuffle = False)

tgt test dataset = DivvyBikeDataset(mode = 'test')
tgt test dataloader = Dataloader (dataset = tgt test dataset, batch size = 32, shuffle =
False)

5.5.3 BRIk

FERM R, AT FEME =DM SharedNet ,MMDNet 5 PredictNet,

T 58, #7 SharedNet, ffi FHHEZ Y 3D 45 FUZ 2% 2 7 i th AU BHR 7 91 10 $5diE 3=
78 5 3D B B AT LU T [R] i 4 ) 23 (6] 55 i ) RH O . DRkl UR] T 3D s BRUZ R HEACUR
M 5 B AT R 2 2 L G b I A RO, TR Y 3D A A2 H A i B 3t
I, TR PRI AN B AR deldit A 21— 3 6] B e R R 25 ) b AR 7 SharedNet Hf ] 7
JZ 3D B RUZ AT S B 1 O s 2 B AR I F

import torch

import torch.nn as nn

class SharedNet(nn. Module) :
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def __init_(self):
super (SharedNet, self). init ()
self.conv3dd 1 = nn.Conv3d(in channels = 2, out channels = 16, kernel size = 3,
stride =1, padding=1)
self.relu_1 = nn.ReLU()

self.conv3dd 2 = nn.Conv3d(in_channels = 16, out channels = 32, kernel size = 3,
stride=1, padding=1)
self.relu 2 = nn.ReLU()

self.conv3d 3 = nn.Conv3d(in channels = 32, out channels = 64, kernel size = 3,
stride=1, padding= (0, 1, 1))
self.relu 3 = nn.ReLU()

self.conv3dd 4 = nn.Conv3d(in_channels = 64, out channels = 32, kernel size = 3,
stride=1, padding=1)
self.relu 4 = nn.ReLU()

self.conv3d 5 = nn.Conv3d(in channels = 32, out channels = 2, kernel size= (1, 3,
3), stride=1, padding= (0, 1, 1))

self.relu 5 = nn.ReLU()

def forward(self, x):

x = self.relu 1(self.conv3d 1(x))
x = self.relu 2(self.conv3d 2(x))
x = self.relu 3(self.conv3d 3(x))
x = self.relu 4(self.conv3d 4(x))
x = self.relu 5(self.conv3d 5(x))
return x
T R A2 T AT 5 (B VREE 138 R % CDAND B SR fh 3D %5 L

ZEAR IR S H bR 0 RRAE S OA B AR L R B A S M 4% MMDNet 1,
MMDNet H i B (14 42 3% B2 N 45 410 B BFE T2 20 54 S0 RRAE L ] B, 458 FH Je R M4 22
5 (MMD)fE R A FR AT IR RS L Ry T 2% 20 WA 38022 1) 9 7T 35 85 47 4F . MMDNet #4554~
3o 0 B 2 7R i A B 0T B AR A R AR RS [ AR, SR 5 R R K M 25 5 (MMID) 1 Ry 29 38, 3
T B R 5 R A AR BT W A T AR A SR AP R R R RS B AR I o A B
B EVAGE R 09 B . Al A — 2 4 3% B SV D SR, B T L B0 o, 10 RS
mr.

class MMDNet (nn. Module) :
def _init (self):
super (MMDNet, self). init ()
self.fcl = nn.Linear(in features=32 % 32 % 2, out features=128)
self.relul = nn.ReLU()

def forward(self, x):
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x = x.view(x.shape[0], —1)
self.relul (self.fcl(x))

return x

X

Horp, e R 22 5% (MMD) RS anF

def DAN(source, target, kernel mul = 2.0, kernel num=5, fix sigma = None) :
batch size = int(source.size()[0])
kernels = guassian kernel(source, target,

kernel_mul = kernel mul, kernel num = kernel num, fix_sigma = fix sigma)

lossl = 0
for sl in range(batch size):
for s2 in range(sl +1, batch size):
tl, t2 = sl + batch size, s2 + batch size
lossl += kernels[sl, s2] + kernels[tl, t2]
lossl = lossl / float(batch size * (batch size — 1) / 2)

loss2 = 0
for sl in range(batch_size):
for s2 in range(batch _size):
tl, t2 = sl + batch size, s2 + batch size
loss2 —= kernels[sl, t2] + kernels[s2, t1]
loss2 = loss2 / float(batch size * batch size)

return lossl + loss2

BJa BRI f A PredictNet #E47 WU , PredictNet i1 — J2 4 % 42 W 45 2H 1%, 352
AT Ol AT R B RS A

class PredictNet(nn. Module) :
def __init_(self):
super (PredictNet, self). init ()
self.fcl = nn.Linear(in features = 128, out features=32 * 32 x 2)
self.relul = nn.ReLU()

def forward(self, x):
x = self.relul(self.fcl(x))
x = x.view(x.shape[0], 2, 1, 32, 32)

return x

5.5.4 BRI K ik

Y 15 S8 RS S AS TR A 28 A I o 28 ) 2%, O X AR R A7 B IE L DL DR AF A N B
PEACHY B 2, BOE S A A2 2 345 8% Epoch BEE A 2005 X4 —4> Epoch, 1E
INZRAE b, FR At UCRs B day A 26 2 21 R AE , I E AT 0 L R F00 ) 25 2R 5 B S R AT 1L
B2 A FHBETT A B0 45 % o RS B0 T B D7 IR AR RS 5 SR L A BR JLAS Epoch XA BE AT
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AR 5] 5 38 K BIESR K

Bk QSR ZE IR H UG AR AT A IS . )i o DR AT 0 R TR o 0 3 A 3
FRC KGR . AR 7 RR 22 RMSE %ﬂﬂiﬂtﬁﬁ%#bﬂﬂ**ﬂ?ﬁﬁ?ﬂ%@é& it
Adam fRACE R BRI BEAT 0L . O T A SRR B A AR AU RMSE A D 857 1Y
PR R bR H BT MAE 5 WMAPE 1'/15%71?131‘% B [R) i S J7 i B, AT A iR
RERIZE (| N 2 33 T [ AT A B A = AU AR

import numpy as np

import time

import torch

import torch.nn as nn
import torch. optim as optim

batch size = 32

# {$ F GPU =% CPU

device = torch.device('cuda'if torch.cuda. is available() else 'cpu')

len src_train = len(src_train_dataloader)
len tgt train = len(tgt train dataloader)

1r = 0.00001
12 decay = 5e—4
num_epoches = 200

src_loss list = []
total loss list = []
tgt val loss list = []

seed = 32
np. random. seed( seed = seed)
torch. manual seed(seed)
if device == 'cuda':
torch. cuda. manual seed(seed)

task criterion = nn.MSELoss()

BaseNet = SharedNet().to(device)
TransferNet = MMDNet().to(device)
TaskNet = PredictNet().to(device)

for param in BaseNet. parameters() :
param. requires grad = False

optimizer = optim.Adam( [

{ 'params': BaseNet. parameters()},

{'params': TransferNet. parameters()},

{ 'params': TaskNet.parameters()}], lr = 1r, weight decay= 12 decay)
best_rmse = 100000

for epoch in range(num_epoches) :



t0 = time. time()
BaseNet. train()
TransferNet. train()
TaskNet. train()

src_train_aver_rmse

mnd_loss = 0

$5F ETREFINLT B EHBEIRRGI L

iter src = iter(src_train dataloader)

iter tgt = iter(tgt train dataloader)

num_iter = len_src_train

# B Al gk

for 1 in range(0, num iter):

src_data x, src _data y = next(iter src)
tgt data x, tgt data y = next(iter tgt)

if (1 + 1) % len tgt train == 0:

iter tgt = iter(tgt train dataloader)
src_data x = src_data x.float().to(device)
src_data y = src _data y.float().to(device)
tgt data x = tgt data x.float().to(device)
tgt data y = tgt data y.float().to(device)

optimizer. zero_grad()

inputs = torch.cat((src_data x, tgt data x), dim=0)

features = BaseNet(inputs)

features = TransferNet(features)

outputs = TaskNet(features)

# print(outputs. shape, src_data_y. shape, inputs.size(0)/2)

task loss = torch. sqrt(task criterion(outputs.narrow(0, 0, int(inputs.size(0) /

2)), src_data y))

transfer loss = DAN(features.narrow(0, 0, int(features.size(0) / 2)),

size(0) / 2)))

features. narrow(0, int(features.size(0) / 2), int(features.

total_loss = 0.1 * transfer loss + task_loss

src_train aver rmse += total loss. item()
mnd_loss += transfer loss. item()
total loss.backward()

optimizer. step()

src_train aver rmse /= len src_train
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mmd_loss /= len src_train
#E R IGIE
if (epoch + 1) % 5 == 0 or epoch ==
BaseNet. eval()
TransferNet. eval()
TaskNet. eval()
tgt_validate aver rmse = 0
len tgt_validate = len(tgt_validate dataloader)
for i, (tgt data x, tgt data y) in enumerate(tgt validate dataloader) :
tgt data x, tgt data y = tgt data x. float().to(device), tgt data y.float
().to(device)
features = TransferNet(BaseNet(tgt data x))
tgt_output = TaskNet(features)
tgt_loss = torch.sgrt(task criterion(tgt output, tgt data y))
tgt_validate aver rmse += tgt_loss. item()
tgt validate aver rmse /= len tgt validate
if tgt_validate aver rmse < best_rmse:
best_rmse = tgt validate aver rmse
torch. save(BaseNet. state_dict(), 'best BaseNet_ transfer model.pkl')
(TransferNet. state dict(), 'best TransferNet model.pkl')
(TaskNet. state _dict(), 'best TaskNet model. pkl')

torch. save
torch. save
tl = time. time()
print('Epoch: [{}/{}], Source train loss: {}, MMD loss: {}, tgt best validate loss: {},
Cost {}min.'. format(epoch + 1, num epoches, src train aver rmse, mmd loss, best rmse, (tl
- t0) / 60))

iy Bl B o AW S I B Y AR LR B I T s e O (5 S 7 N i D 7 P O E o
BRI torch. load O pRECE DR-AF T2 Hh 1) S AR B R 807 2 AL AR5 FILH] load_state_dictO)
BRI EICRE DR AT 1Y 2 B0 M o 28 3 AR oy, s e, A b 3 2 8 Sy I e AR T I R G Y 2
B, ARSI R AT A2 iR B BRI A0 b AR R 56 G R A AR AT AN A

5.5.5 &

SharedNet # R 7R 4] G0 & 5-12 frs,

SharedNet(

(conv3d_1): Conv3d(2, 16, kernel_size=(3, 3, 3), stride=(1, 1, 1), padding=(1, 1, 1))
(relu_1): ReLU()

(conv3d_2): Conv3d(16, 32, kernel_size=(3, 3, 3), strnide=(1, 1, 1), padding=(1, 1, 1))
(relu_2): ReLU()

(conv3d_3): Conv3d(32, 64, kernel_size=(3, 3, 3), stride=(1, 1, 1), padding=(0, 1, 1))
(relu_3): ReLU()

(conv3d_4): Conv3d(64, 32, kernel_size=(3, 3, 3), stride=(1, 1, 1), padding=(1, 1, 1))
(relu_d): ReLU()

(conv3d_5): Conv3d(32, 2, kernel_size=(1, 3, 3), stride=(1, 1, 1), padding=(0, 1, 1))
(relu_5): ReLU()

5-12  SharedNet 1& 24 7R {5
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MMDNet £ # 7R @] 40 18] 5-13 frw .,

MMDNet(
(fcl): Linear(in_features=2048, out_features=128, bias=True]
(relul): ReLU()

5-13 MMDNet 1& Z SR i

PredictNet BRI R B 4N & 5-14 i,

PredictNet(
(fcl): Linear({in_features=128, out_features=2048, bias=True)
(relul): RelLU()

5-14 PredictNet 18U 7R {5

B A 1| it T e s s 19 18] 5-15 I

Epoch: [1/200], Source train loss: 0.19903759216820752, MMD loss: 1.5250267894179732,
tgt_best_validate_loss: 0.036864012479782104, Cost 0.2752910017967224min.

Epoch: [2/200], Source train loss: 0.14947643200004543, MMD loss: 1.0328753568508007,
tgt_best_validate_loss: 0.036864012479782104, Cost 0.26984686851501466min.

Epoch: [3/200], Source train loss: 0.11820515093428118, MMD loss: 0.7233671170693857,
tgt_best_validate_loss: 0.036864012479782104, Cost 0.2812255581219991min.

Epoch: [4/200], Source train loss: 0.09960045900057864, MMD loss: 0.5405430175639965,
tgt_best validate_loss: 0.036864012479782104, Cost 0.28381844361623126min.

Epoch: [5/200], Source train loss: 0.08962199381656116, MMD loss: 0.4438382696222376,
tgt_best_validate_loss: 0.035327720393737154, Cost 0.2979815642038981min.

Epoch: [6/200], Source train loss: 0.08198306323201568, MMD loss: 0.3705919142122622,
tgt_best_validate_loss: 0.035327720393737154, Cost 0.3461944778760274min.

Epoch: [7/200], Source train loss: 0.07650970833169089, MMD loss: 0.31895606606094923,
tgt_best_validate_loss: 0.035327720393737154, Cost 0.3792957623799642min.

Epoch: [8/200], Source train loss: 0.07162327740203452, MMD loss: 0.2731713365625452,
tgt_best_validate_loss: 0.035327720393737154, Cost 0.3475567102432251min.

B 5-15 #E&ZT 2R TR

ARG EAT TR B 7, B 275 BRI R HE AT A BRI 2, L R kA7 R Y
RIS L A AR, B T A AR R R AL b AT B R S OF A
HHSC BB AT AR R 45 4 B L LU B TR E R B
58 B 1 AR W 3 2 A 5 4 1 1 O SR AT AR I

5.6 ARE/MNGE
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