WY

-

—_

v

R PE Y S AR R 4

3.1 RmEfEEEX
3.1.1 JRIfERRSIL T Iy

S 1) {5 5 (Back Propagation, BP) 35 & — Bl i 28 W 28 (AL B33 . A 43 806 i e 1
BRI 25 ) 2%

P28 I 28 B R T RIECR IR TAE W5 L &% HLA (%) ph 28 I 2% an 5] 3-1 TR,
BAWTAME - IMET . MAETSMATTZ R EL T RE GBI M., Layer 1 £
REIAJZE, Layer 2. Layer 3 #/REE)ZE . Layer 4 b 2. @i & R4, X iy A%
s EAT T AR e, DT AR A5 3 22 A e

Layer | Layer 2 Layer3  Layer 4
3-1 BB

S SR UL o Al 28 ) 245 3l — b e S oS SO HR I S B B AR A B Kl . BP Sk w2
Forppg— Bl . R T — S BAR A R R BP Sk i R
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~7

AR 5] 5 38 K BIESR K

BP Bk m - 48 )2, & 3-2 iR 8B — B A A MATC 2 vy — DEIET ¢ 5 26
ZIREAPAMETT vy, — NI ¢, BB RN LCAPNMLEIT hy by BREK
B RUE RS AR 2 T 2 (8] AR BRI N 3-2 FioR . WO SRR o £ Sigmoid
PRL. Sigmoid PR HXT » 1 S B -1 R,

S(x) = 17.
1+e x
S’ (x)=S(x) X (1—S(z)) (3-D

A A 2, =0.05,2,=0. 1, Hbr: Fth n by, RATHEHIT[0. 03, 0.05], N DK A
PRI G LS B 7R

1. By & &

(D A JE—RUZ
Do T 7 BB AT DSR2 T — P AL (UL y, B . Mz on e 1L dn e 3-3
IR .

(N

Layer 1 Layer 2 Layer 3
3-2 BP HiERGI-MER 3-3 WETHNE

WHRLIT v, B A AR
net, = Xa; +x; Xay +1Xc¢
WARLE T
nety =0.05>x0.1+40.1X0.3+1X0.35=0.385
MEIC v, BRI

CIEZRIECS
out, =0.599

(2) B2~ 2.
XS AR BRI E T ey o, BIME
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net, =out, X by tout, Xb, +c,

1

out, = e
1

1+e
R TR
net, =0.817, out, =0.694
net, =0.936, out, =0.718
Z M, O 258 T AT m AL R Ak AR B i S [0, 694, 0. 7181, 5 W B AY i i
[0.03. 0. 05 JAHZERLR . 4% TR il i S 1) A% 76 S0 B A i DO RU(EL . SB35 i

2. Rmfe&

(D R EIRZE,
R T A O B AR 9] R B O R 224 R R 25 sR R B T iR 2 B
L (3-2)FrR .

N
~ n 1
E(y.$) =] yee (y:5) = > N (target,,, —out, )? (3-2)

i=1
Ko target,,,  FRH ¢ DEAE FEA BT HARK HE; out,  Fom BUNAA , 78 4 {1
HhE R GE AR s s N BUE R 2,
MR = (3-2) THE BLAE (R 5% 25

1
E =5 [(targe‘[omhl —out, ) P4 (targetomh? —out; ) ]

=% [€0.03—10.694) % +(0.05—0.718) *] =0. 444

(2) BUE B Ciig th 2 — B2 .
R Ry RSB X 1R 22 R 7 A TR o T T RN BUE X R 2257 A T 2, mT DU
HE KRR 256 R RUAELR A ok SE ik — H iy, M )2 BB )2 6 5 AN S8R S
B IR b1y sbyy sbyy sbyy scy o LA by 0 38 8 AR N BEA T35, in =l (3-3) s .
oE oE Jout,  Jnet,,
by, Jout,, . Inet, b,
WL 3-3 JT 7R 5 T ] A2 48 R B2 1) A% 7 S 52 32 X ik — 2 B OB e 4 3R 48 W T 0 i A
fa] b BRI — R T 5. 5B E T A B O mAE 38D , 4] 3-4 7, Al LU BE 4f M B A
Sk B 7 e LR T SR e S B9 O el

(:}ﬁﬂgan/f

Net i1,

b0 RS N g

(3-3)

34 WMETHAUE(RMEED
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X HLZE TR i (o R80T sRE0 -

JE
dJout,, °
ajihz =2ZX % X (targety,, —out, ) X (=1
dJout,
(7neth2 °
Jout,, 9 (1> B 1 1—1)
Inet,,, N Inet, \1 ¢ efneth; - ﬁ X - eﬂletllz
=o(net, )(1—o(net, ))
3r1e‘[,,Z
Ibyy
Inet,, P
b 5y = 9, (outy1 X by, Jrouty2 X by +cy) =out,
g5 Lk,
JE
b, =(—DX (targetomh2 —out, ) X out, (1 —out, ) Xout,
A BB E T
by =by —p X Hbl; —0. 760

Horbrop RRFF ARG EN 0.5, FHAT 617" =0.458,615"=0.560,b5" =0. 658,
()R S XoF T O 5 00 R AR 5 2 AL o (L pR Tl J0RT T Bl 2 T Y 0 R R DR
DL Ry ) A 4 28 0 SR Al = J5 R A X (3-4) Frw

9 Jout, Jnet,,
ai 2 aout, 9neth: ~ e, | R
o TR JA *Iﬁleiﬁmﬁf%):{ﬁjﬂ L, — s oL T 1, ] fif b b 0 (3-5)
J J Jout,
35 - - (701i, Hnet,‘ (35
KA 7S SO A B ﬁ/\ﬁ%éﬂliﬁTUk@%ﬁE’J%ﬁlﬁ
;M =c, —anLE?:—O.OBS

(3) AUE T8 (B = —~H A2 .
D755 H R BROEUZ Y I AR — S X B 3-4 s, v DL R B 4T
h] WG T WA AR — AW TT L M ATy, W E A B R
249G h, hz,?rﬁuﬁlﬂ ATC y, SHEHWBORA by hy, AR TTE MR 2, I by by, 3
PR A6 M & T Ak 1B O ) A% 1 -Be )2 — B2, an 18l 3-5 Fr s, W] LATE EOW
i
) E ] L3 e e Xk UL SR R 25 X BUE A 2 i . A RURZ B A2 L IR 5 AN B8
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B35 WMETALE(REEE-REE-REBRE

I AN a1y sassansasser e Bhay B

E)o B IE c?outyI anety1 (16)
da Hou‘[yl Hne‘[yl da
JE
9Outy1 °
E IE aouthl al’leth1 IE aouth? aneth?
= X : :
dout, dout < dnet dout dout dnet dout
Y1 hl /11 Vi hz /12 Vo
b LR 53 1 € 7E R > B2 B B ST A AR A S R
IE
Jout, = (targetouth1 —out, )X (— 1) Xoalnet, )(1—olnet, )) Xby +
RS
(target,,, —out, )X (—1)Xo(net, )(1—o(net, )) Xby,
g 2 2
=0.644 X 0,212 X 0.5+ 0.668 X 0,202 X0.6
=0.149
9outy1
anety1 °
(’}Ou‘[y1 9 1
5 =3 ( “net, )Id(netyl)(lfo(netyl))
ne‘[y1 C ne‘[y1 14+e 1 -
=0.595 X (1 —0.595)=0.241
anetyl
® day
Hnetyl
= (xy Xay +ay, Xay,+c;)=x,=0.05
day, day,
ZR LTk,
JE
=0.149 X 0.241 X 0.05=0.002
da
\ ; . JE
ﬁ/\ﬁ{zlxéﬁz{ﬁﬁnﬁa,a‘;;W:an—pxa =0.1—0.5X0.002=0.099,
a

11
A 75, a5 =0. 199,43 =0. 298 ,a 55" =0. 398,
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REH S5 RRBAREIELEL

TR B R E S B R RS2k — 280 X BN R H N WSS, o B

5 oy vy by by B RRRABUE T
MY =0, 307

FEIL A S B C EH 5 BP B R G-R 42 AnE 3-6 i Bl B B ot e 2
J5 B2 BT LATE 54 208 G 46 1 S [0, 667, 0. 693 J sk 9% th [0, 694, 0. 7181, HFp
B oM 0,03, 0.05]) TG BLIR 22 0. 44356 (JFL R A SR 22 9 0. 444) , 3l 1 357 Al KM
THEL AT LA Bl A E bR (E 2 T R0, B R 25 5 WD o B 3 32 AR B 3 i (L
235 B bR H & AR

Layer | Layer 2 Layer 3 Layer 1 Layer 2 Layer 3

3-6 BP EERH-MEERE

3.1.2 NumPy SCHUR GRS

ARATHF NumPy Z B 52507 500 4 48 X 265 43 2R AT 55, 2o At v T 2 S B0 I 1 4% 46 5
s DB XS B 1 4% 45 530 1% i B . AR 49 45 45 R A sklearn. make _moons O $(#i 45 , Jf:
fEF B Scikit-Learn () #E47 80t WAL BE . K4 48 vl AAL &1 3-7 o, Bods 4R 02 — 4k md.
LA .

from sklearn. datasets import make moons

X, y = make moons(n_ samples = 2000, noise = 0.4, random state = None)

PEH 60 20 A IIZREE 40 26 g N4 L JF b 47 BiAL B8 SEBLACAS AT .

from sklearn.model selection import train test split

trainX, testX, trainY, testY = train test split(X, y, test size= 0.4, random state = 32)

from sklearn. preprocessing import StandardScaler
standard = StandardScaler()
trainX = standard.fit transform(trainX)

testX = standard. transform(testX)
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AW EFEE D Z MR, WML InE 3-8 frxn, i, X 2—4
pXq B FE, 8 HAE SO 5 JC bR BUE i i 48 ) 4% B S R B (GR (3-7)) L Hi L, 3R
ANy, RN ELSEAE, S E N 0. 05, K BB T L AT S 808 85, e A
mr.

5 _l| 0 | 2 3 Layer 1 Layer 2

B 3-7 HEETAL E 3-8 MEMKLEN

1 N
E(y’f/):—NZ(yilnyAiJr(l—y,-)ln(l—yA[)) (3-7)
i=1

def loss_func(trueY, predY):
loss = — np.mean(trueY * np.log(predY) + (1 — trueY) * np.log(l — predY))

return loss

P E R M 4% X T ACE A WK i B B B L R REAL R 4R 1k 1 T
%o WH B WA EZE RN AL T Tk, & WM B 064N 0 8 FH—E. 25
BB BT B Y SR o AR b e B R 45 AT S L BUMELAR (7] S BOAS [R] A e 2 S0 40 LAAR [] Y bR
B0 pR BB D A T LG i 2 MR AL A B A B AR s Ao I ] I R B RO 6
PO A B 75 000 2> Hh B B2 1 2R R 5 1 L R A S BRARAS 4R

def init (q):
FaEWHAEE(BHEREE o MHET)
#4 w5 B EEHLAEAKL
np. random. seed(3)
W = np.random. normal(size= (q,)) * 0.05 HEHFBEWL W
B = np.zeros(1, ) ZHBH BAE 0 FERE

return W, B

W15 Ak 58 B S B 5 0 B B L P e X — AN B0 PREL Sigmoid ., 56 AT DL SE AT 1] 15
R4y T, @ 3d scipy. special. expitO S BB IE PR Sigmoid , ACHEUIT ,
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P

:i\_J:E—:

3] 5 3008 REE SR

from scipy. special import expit

def sigmoid(X) :
#X: np.ndarray, f¥i#iEE
# sigmoid(x) = 1/(1+ exp(—x))
return expit(X)

Z U, AT LS BLAT [ A 4% o AU AT

def forward(X, W, B):
#X: np.ndarray, $INEE, £F = (p,q)
# W:np.ndarray, WEKE, #E = (q,)
#B: np.ndarray, BN, #E = (1,)
A Z = X*W + B
#predY = sigmoid(Z)
Z = np.dot(X, W) + B =it&E 2z
predY = sigmoid(Z) £ 18 i BE AR B
return predY

SE AT 1) AL 48 J5 O 80 2 5 B 1) A% 4R 38 0 i o 5 el 48

IE IE Jout,  dnet,

= Nl "

JW  dout, Jnet, IW

IE E Jout, anet

== X

dB  Jdout, 9net. JB N —
SEHACAS AT,

def backword(W, B, trueY, predY, X, learning rate):
#W: np.ndarray, WEEME, #E = (q,)
#B: np.ndarray, IRET, %4E = (1
£ trueY: np.ndarray, EE, #E = (p, )
# predY: np.ndarray, Fiil{E, & = (p, )
# X: np.ndarray, I N$#E, £E = (p,q)
# learning rate: float, 3] &

1. HEBE

#dW: np.ndarray, REKEHT WHES, £E = (q,)

dW = np.dot(X.T, predY — trueY) / len(trueY)
#dB: float, KR HE X B MRS
dB = np.sum(predY — trueY) / len(trueY)

#2. SHEH
W —= learning rate * dW
B —= learning rate * dB

R ok SCUN 2R ek B AL AT

def train(trainX, trainY, testX, testY, W, B, epochs, flag):

# trainX: np.ndarray, JIZ&, % E = (p,q)
# trainY: np.ndarray, YIZ&EHRZ, EE = (p, )

1
:/—[XT@

— )]

Z(y, — )
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# testX: np.ndarray, fi{&, #E = (m,q)

# testY: np.ndarray, X &EHRE, #E = (n, )

# W:np.ndarray, NE4EE, H#E = (q,)

#B: np.ndarray, IRE, #E = (1,)

# epochs: &k

# flag: flag == True ¥TEN#RLL{H, flag == False FNITENHRk{E

train loss_list = [] s EBEEINEE LWRKE
test_loss_list = [] s ERENRE ERMREAE
for i in range(epochs) :

#illg&E

pred_train Y = forward(trainX, W, B) 2 B [ &%

train loss = loss_func(trainY, pred train Y) # i+ &R KE

# iR &
pred test Y = forward(testX, W, B) H B 6 £ 1%
test loss = loss func(testY, pred test Y) st ERLE

if flag == True: #FTENE i BRYIGE WX E LHHRKE
print('the traing loss of $sepoch: %$s' % (i + 1, train loss))
print('the test loss of $sepoch: %$s' % (i + 1, test loss))

print('=::=::=====:::=:==:==::== v)
train loss list.append(train loss) HFEEZEINEGE FRRKEE
test loss list.append(test loss) S EEZENIRE IRk EE
# R E &

backword(W, B, trainY, pred train Y, trainX, learning rate)

return train loss list, test loss list

BT trainO R, FELH G R4 KO B e i 28 . CINZR 8 LR 48 ) 4 2k il
LA 3-9 .

0 50 100 150 200 250 300
epoch

39 GligE MK HE) MKk
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SE SCTRIN pR K, A AR bod ok LR AR T, IR B0 25 2R Al Ak AR R

def predict(X, W, B):
#X: np.ndarray, JllZ&&E, ZE = (n, m)
#W: np.ndarray, S, #& = (m, 1)
#B: np.ndarray, S# b, %#E = (1, )

y pred = forward(X, W, B)

n = len(y_pred)

prediction = np.zeros((n, 1))
for 1 in range(n):

if y pred[1] > 0.5:

]
[N

prediction[i, 0]

else:

Il
o

prediction[i, 0]
return prediction
pred = predict(testX, W, B)
# 45 S AT ALK
plt. figure(figsize = (8, 8))
plt. scatter(testX[:, 0], testX[:, 1], c=pred, cmap = ListedColormap(['# B22222"', '+ 87CEFA']),

edgecolors = 'k')

I3 4R T 25 R AP 3-10 Fra . T LA B AR RDHS B 4 23 O O T AT

3t -

b3
T

(=]

3-10 KT 4 R

3.2 fRINMEHZZN %%

3.2.1 RSRFNEAING WS

Xt 3 G A R4 A0 22 R IEAL T — N A RS — A e R AR, 3
B Ak BR8] P 51 [7] AU X6 LIRS v 220 i i (8] 5 3] H g4 F 8] 5 2 i) 4, ) LR
TR AR B ROR B B AR . N IAETE R I A PR AT T R IR N R A 2
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WG o A e 7 SRR T 5 DY 288 T IS AN PTRE I 37 b 3 o B = f B T i i 2 7 A
T G B A B ) SE Al b, P i T A R Tk . R S RO R A B R Ok i K e At i AR FE 4y
PR FCAZ R a3 S0 A A% B JE AL L, 5000 R A oK R BB A% . S8 e ol AU R AR AR &2
) 3 70 [ ST, o 2 30 F90 ) 30 B0 P L2 98 5 A0 80 00 oA ke e me oA ) 2% O e 0 02
— il IRk 8] 7 471 [1)

T S AL B[R] 4 ) o B R T B b 2R
] 2% 45 #4 (Recurrent Neural Network, RNN) , f 5 4 (19 1§
25 00 4 1 A2 — 1 B A — i R AL —

RNN Z54g Q0 3-11 B s 2R L35 Wikl o 3k 19
AL N M B A A R, L X R— A g
UM AZIE: S B— i, R ROz I E L, A
PR T 1 /i A Fi A X b R T b — I 2 BORUZ B O
W2 —Am L E R Z I U 5 A B EEZ AR V2 Btz 21 4
JE AL ; W2 B2 b — I 20 A (AR S 24 I 220 i A A B

U b 5 A i R BT ) £ e I AT A5 3 S I RNIN G548, #2 if [H) 42 J I i) RNIN 2544 4
Pl 3-12 PR,

W25 7E ¢ I 2RI A X, Z )5 BRUBUZ I ER S, i B2 0, .S, R AR
T X, BT S, o P78 RNN 2549 T, Y 20 09 {5 B AE T — i 208 2 5dm A 2
P 265 e 19 28 v )45 R B T) AR DG  fige ke 17 Ak BN 18] 900 (10 [ AL, ol 228 o) 248 A6 A < 22
FIMARTURETERE W b, SRR Mg e )2 52 Z Ml 2% 4.0 RNN 58
R R BIA R Z A0 7 T [6] — JZ N B9 B 28 S0 A A [R] I 220 o i 5r 7 4 e 4, Bl W 5 1 (]
B

AR AN [ 4y A B b A 3, R RIORE RNIN 23 9 LUK U A 2544 . one to one, one to
many.,many to one ﬂ:‘ﬂ many to many, ,E\Z‘ZF‘ ,Eﬁﬁﬁﬂﬂ’]%%)ﬁ? one to one %*@,ﬁﬂl%
90 5 5E — A A EDR BN — Dt {H . one to one Z5F AN 3-13 s .

i 11 )2

3-11 RNN £&#3

one to one
p
@ @ @ £
5
—] S S S — s
Wi W, T
U
@ Xr+1
y Ry s —_
3-12 ZEFE&R K RNN &4 3-13  one to one Z5#4
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one to many Z5 44 Fl many to one 25 WAl 3-14 B, Mg A B — 5B (E N 24
FIRY IR 5 T G0 7 0 285 v g A — S SRR L T e O 2% At — i DL D SC B 5 Dy R 1
W2 — one to many Y5t M AN ZA H i E S — A A A — Bl & A b
X B R ST 28 L L AN A DATE 19 JB SRR B0 BT A Ok JBE S50 A 2 KO S R L 1

KA 43245 M B R J& many to one 5,

one to many

—

—

e

many to one
| SR
R el
—> >

—

SN, S

3-14 one to many £Z5# %0 many to one 14

many to many Z5FJ UNEl 3-15 fizn . HH 5 —F many to many 454435 FH THLAF B
Ve A I & S 5, He A A —R) 950, i — A S0 S B PR R R AL B R
many to many %4 4 & T 0 A — Wt 14 53 28 F0 iy 44 2 R AR 12 A AR, Bb An g A — B

Wi A He g — Wl AT 12K

—_— e

(a) 55 —Ff

& 3-15

T
T T T

(b) % —Fi

many to many Z5#4
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3.2.2 LSTM Fi4fr

LSTM (Long Short-Term Memory) #i #l J& + 9§ 3F # 28 W 26 RNN §) — F, H
Hochreiter % AT 1997 4F42 . £ 0 FH 20 ZAEM LRI $ . 45 RNN B B Kk
14 JL PR TE T R A8 4 i sl A S HEAT 90 I A7 D38 2o 5 i 22 T 4 (481 n 22 2 SBR[ i
il R AT R WIAE BALEE 205 . o TR6 BE T R PR B M 25 i I, e E A R R &
KR, BTG LA K E R . AR TAE5 RNN,LSTM i T H Al 4 iy id 12 5.0t ,
RETE — a2 T2 BE - i o AR 1) L, PRI AE B AR T8 5 AR B ONILP) (A8 =) 0 | 6 Bsf 52 3 13
TN 25 QR 114 2 B4 B L T % 58 RNINL IS T BRI 2l .

RNN I LSTM ) 5 K DX AE T 53 A 76 B2 19 Bl 2 JT 2548 L A% 58 RNN il 220 2
A 7 B0 B A A0 — AN S R EUZ . LSTM 194242 8¢ (Block) BN 4%, LSTM A 5l
I TR ¢ R TTIRE (Cell State) R ARAE IR A 1 LSTM 1 5 8 3t 2
BRI RS ¢, LSTM i F = A48 OG5 55—~ G 07 57 5 ] 40 o] 4 252 DR A7 < 10
R o8 AN TR A T I B BD B RS A B BRS¢ 58 = AN I SRt S i U AR R
KPR ¢ ME 4 HTH LSTM B9% A . KRBPRAS ¢ iy 6lan &l 3-16 s, Horp =48 %
A3 SR = AN TR B A 3 Rl 25 B A3 i SR TR A TP E B TR — Rl ik F B e Rk

E—Amizly | il 2R
HHPRE ey St

D El:]

EDHT;I-K@ECJ
3-16  KHRKZE c BIEH

LSTM HIPIA TR FE R B ICIR S ¢ M, — 2B IS (Forget Gate) . i i [ TR
T BB 2B RITIRES o, AZ DR B BY AT 2] ¢, 5 ZJ2 % AT (Input Gate) , iy A
FTPE 7Y HT ZI M8 s A «, B2 D RAEFIRICRE ¢, . LSTM %t '] (Output
Gate) RAEHI LIRS ¢, AZPHIE 2] LSTM W 41315 HE A, .

NHERAX ZATTE— AL TR EE 85 2 2% 2 15 B 1t 2 W 45 2,
R Fe R 38 SRR 8 3k ROR 0] it i AL o R

BT S, R 3-17 FR 2 H BRSO H W, St i TRACE AR (A,
&, JF R 1] B R — A B ) L6, RS B o S Sigmoid PREL,

fr=cW,«[h,_ .z, ]+0b) (3-8)
BT, A 3-18 fran i H B AKREER) . Sigmoid pRECFK A5 AT, P B 28 A4

{8, Tanh JZ 01 8 — AN B3 KB (8 17 42t C, S A SRS
il :O'(Wi '[h[,]717l:|+b1-) (3’9)
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C,=tanh(W,_ « [h, .2, ]+ be) (3-10)
*

& 3-17 &=

iy
(@
h [tanh |
-1

—
Xy |

3-18 HAI]

BB A TTARAS AN 8T 3-19 7 o HL B AR EE TR SRS T A4 R L 4 AT LU AR A7 AR
AR B RS A TR PSR  JCHE B IGE AR M 25 2

C[:ft XC[,1+i[ X(th (3-1D

C
0 065y o)

Y-

b iy

3-19 BEFHEBEITRKRS

i T RARSE M AN 3-20 B o e R TR T ARICAZ X 1 R S . e
1R B TOOPR 25 38 )
O,=cW_ « [h, sx,]+b) (3-12)
h, =0, X tanhC, (3-13)
LSTM WY FE L AN 3-21 Pros . & LSTM #Ki 8] J IF 4 52 S A e, 2R T 4] 3-12,
B 2 LSTM B0 2 S RS, BODR 2 19 14 38 28 0L T A4 20 4, B 42 1 B 4> i 1]
B s AT P EEA AR L S L DU AR A A AR L
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¥ 3 .
— —_—
Ctanh
o e
h,_ 1 “ h?

X

3-20 HWHITREGKEN

O
A

3-21 LSTM I EE R

3.2.3 PyTorch SZBL LSTM i =] 7 51 i il

AT N ZEHE LA 2016 A6 Ak VS LT B (RDAREE SR 15 min 18328 346 3 B0 A 461 L R
PyTorch #% LSTM W%, SEHXF i 3l 2 i 5t 0 10 . B 7285 B ise % ik — 20 T fff LSTM
W 2% I 5 38 A FH Py Torch SZBIIET LSTM R4 A fa] 20 50, R SZ AR BRI F .

HHXESATFERNMA, Hd, NumPy 2 .Pandas £ #1 Matplotlib f7F Python %t il 1R
IR 1.5 5.1, 6 9.1, 9 e ad 1L X B B L AR AR

import torch

import numpy as np

import pandas as pd

import matplotlib. pyplot as plt
# % matplotlib inline

from torch import nn

from torch. autograd import Variable

i F§ Pandas £ L 1Y read_csv ) BB B B 155 3 KAY CSV #2010 & i 5 s , 1%
BT,

data csv = pd.read csv('# AL ERE SO AE LG 4R !, usecols =[1])

ffi F§ Matplotlib 42 B i) pyplot. plotO) e& ¥k AT gL Ak fim A i 8 . S an T

plt. plot(data_csv)
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Wt R pnT ML e 3-22 i

3000
2500 ¢
2000
1500
1000 +

500 +

0 L

0 50 100 150 200
3-22 HIE&SEMTHL

PN 18 25 D AT DA H = 0K B TR DAL 2810 G il 2K 3l 17%) 7% O A b A SRR M g L O
H A% W 0 b UL 31— K v 9 2 i e I v DRI OO0 . o AL B S B BCHE i A B LSTM
AN B R AT I 2R, A BEGE Rk LSTM A2 ALk 150 2% 3t

T ST iR A s Ak B, K s O RCEUE L O B R A — R B Lo, 1] B iy A — A 7R IR
JE 27 2] vh Rl DL A A 0 Wi SIS JE

i F dropna O sk 2 3 8540 b 9 25 (8 BT 72 9 AT N 81 i astype O pRERAS {24 2
A JF BT 2 ¥ 8 4 b 9 BUIE AR RN L E B L0L 1], SEBA R,

data csv = data csv.dropna()
dataset = data csv.values

dataset = dataset.astype('float32"')
max_value = np.max(dataset)

min value = np.mnin(dataset)

scalar = max_value — min value

dataset = list(map(lambda x: x / scalar, dataset))

AUV ZR AN L LSTM REAY 14 R0 4, W H s 2 108 Jk i T LA e 8] 462 12 79 20 3
Sk TN 24 RiJ I 1467 B2 A4 % 30 B 8 i T N 8] AE B8 Y % O 80 A D e A ek AT R g
step =2, 4 21 /if i (B0 JEE A 70 30 A a3 S0 i D I A R A 3 o K
FEA5 B 1 R o PEAG A5 R A 0 1 fE L 52 SRS T F .

def create dataset(dataset, step=2):
datah, dataB = [], []
for i in range(len(dataset) — step):
a = dataset[i:(i + step)]
dataA. append(a)
dataB. append(dataset[i + step])
return np. array(datad), np.array(dataB)

€ SCUE-fa A R L S BRI

data A, data B = create dataset(dataset)
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SR UIEZRAE R 4 . 70 06 B0 K0 15 S Il 2k 4 L 30 00 9 B8 A D a4, 2 BEAR A
ﬁ[IFo

train size = int(len(data A) * 0.7)
test size = len(data A) — train size
train A = data_ A[ :train_size]
train B = data B[ :train size]
test A = data A[train size: ]
test B = data B[train size:]

O R 2 R — AR LR A A — A BT L Batch_Size=1, i TR L &R
5 1 9 A B TR 60 B T 58 =4, BT LA feature=2, BARMCES AN R,

train A = train A.reshape( -1, 1, 2)

train B = train B.reshape( -1, 1, 1)
test A = test A.reshape( -1, 1, 2)

trainl = torch.from numpy(train A)
train2 = torch. from numpy(train B)

testl = torch. from numpy(test A)

T8 SRR K (R 00 U 30 3 00 A0 B X BE R L BE R  AE — S R — P2
RNN, RIS 0F .

class 1stm reg(nn.Module) :
def _init (self, input size, hidden size, output size =1, num layers=2):

super(lstm_reg, self)._ _init_ ()

self.rnn = nn.LSTM(input_size, hidden size, num_layers)
self.reg = nn.Linear(hidden size, output_size)

def forward(self, x):
x, = self.rnn(x)

s, b, h = x.shape

x = x.view(s * b, h)

X self. reg(x)

x = x.view(s, b, —1)

return x

By N BE S 2, BREZ 4 B 4, o B )2 A B T DT AR L 0 B 5 Bk ek,
AR I
net = lstm reg(2, 4)

criterion = nn.MSELoss()

optimizer = torch. optim. Adam(net. parameters(), lr=1e— 2)

FHERVNZRBEAY 1 2R 2000 4~ Epoch, & 200 Uit — RN ZRE5 0, B Loss (B AU F .
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for e in range(2000) :
varl = Variable(trainl)
var2 = Variable(train2)
out = net(varl)
loss = criterion(out, var2)
optimizer. zero_grad()
loss. backward()
optimizer. step()
if (e + 1) % 200 == 0:
print('Epoch: {}, Loss: {:.5f}'. format(e + 1, loss.item()))

R A s SRan e 3-23 Fras .
B FE i A Loss (E AT LUE 2], 5t RAEAEZ W0 T [, 8 A1 2R R b & mT
W, Y2k 5E R 17 4 R IR X, T 4 10000 25 0 5 HL S b T & 2R ARAS AN T

net = net.eval()

data A = data A.reshape( -1, 1, 2)

data A = torch. from numpy(data A)

var data = Variable(data A)

pred test = net(var data)

pred test = pred test.view( — 1).data. numpy()

B SEBR S SR A TN 45 51 Matplotlib 42 m P& gt , H 0S8l 1 8 6 38, LAY
SR R AU .

plt. plot(dataset, label = 'real')
plt. plot(pred_test, label = 'prediction')
plt. legend(loc = 'best')

A5 T AR &) 3-24 B . a) U B SRS 89 LSTM AL AU FU B 2 3 K4
A DAL A o i A0 5 B S U AHE L 10 B LSTM AR B (% B i) 7 %) 3 00 e g 2 Lb 8K AT

FUNIOIN
750 | | . . .
! i

. oof i+ 1
Epoch: 200, Loss: 0.00306 1 I it | i
Epoch: 400, Loss: 0.00261 I 450 F ! it f
Epoch: 600, Loss: 0.00229 = | f _:{ i i
Epoch: 800, Loss: 0.00215 ®os00r | i it 3{ !'-
Epoch: 1000, Loss: 0.00172 150 :: f
Epoch: 1200, Loss: 0.00103 Ui i
Epoch: 1400, Loss: 0.00094 ol ‘\} W\\( w\\,/ h"
Epoch: 1600, Loss: 0.00075
Epoch: 1800, Loss: 0.00069 400 600 80“ '000
Epoch: 2000, Loss: 0.00064 [ [a]

3-23 RARINGER 3-24 REBIRG T RLR
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3.3 HRMEMLEK

3.3.1 BB SR A

it FH 4 3 20T 1 1 22 T % A B PR B L AT A LA = A 0 i BRI

(O 2R %,

WA A EHER R/ 100 X100 X 3, 7542 14 HE 1T 5 9 26, 58— A~ Bt )22 19 1 i 22
JCE A ZHA 30 000 A LA 1Y 3 L BN RN N — A AE S8, A B ZE
Pz TR R Y 22 L S HOR AR L 2 RIS I, S SR A Bl 0 2% 1 RS AR L IR SR
EFAL, HE L L s E .

(2) XE LA 3 Jm SR A AR

H AR G 0 ) A AR B A R SR AR PR AE L an RUBE 45 5L VA% e % S R AR AN R )
TSI L o T4 3 422 7 0 T 286 AR M 4 B3 S Jeg 0 A 8 M AR AE , — iR 5 8 4 A7 30908 1 i ok
P H R RE

3) FEHEEEK.

HT T4 3 P 28 000 2 T Ak B VIR AT B I 8 e 55 0 R R I o] &, DAL G 3 25 1)
GRS ER FEEGIUN R R AR .

B X 4 % 2 AT 1 A 28 ) 4% A B PRI I A7 AE B BR B L 2 32 BIAE ) B IRz BT AL
W %320 T HE M2 M4 (Convolutional Neural Network, CNN) , & {4k i 17 UL b
1) = AN BB

B S fH BT i — N 52 BF (Receptive Field) HL#fil . 252 BF ML 3= 22 248 I 48 A0 38
SR 2 R G h — U 28 ST B R L BRI 28 oT L WOH: I S A R D B B AR . AR
TAZ AL B 0 A5 BR800 4% 3 Sl i g 7 A U2 Ak )2 D e A i 4 )2 S B X LR
FRRE A AL B, A B2 BT B OGP 4 R AR AR AR L 2 3 R T AL 2 O AR S BOR
(R4 DT 4 5 DI 2R 8058, I sl o A i 4 2 AT R e e i i 45 2R . B T B
25 45 AE S50 1 HAT SR A AR 38 T DL R AR = A R (A M A A — o AR
VRS R e AN S Ve AT DO B R B A ] R PR O A TR AL B D TR AR
RAEH

FE T RO 1] B 40 4 BRI 28 I 28 4% A 2 1 Je A B, hy 1 L B B L 22
ST RS,

(D HBHZE PR BURFIE

XoF G CAS [m] 8 B 40 i 10 50 ) R 008 D8 A P (— 20 [ 78 1) ASC ) MO [ PR R (X i JE R
AH T P SRFD B AR U2 Tl A G AR R B UM 2 W 2% 1 R R . BRI B B
Kl 3-25 Fi7s s [l — BB GRS T — AN IR I filter) I BEK K

TERARR T A 7 Z2 M 5 B, B b 8 BRI R — B BB R AE 0 31 (2 IR
RV BRI R AN R B 5 0% 4 B 9 RS B B R, A D IR R 4 O i R R
FRAE . B2, 5 NI B2 B HL AR oL, 4 FRUZ G a4 OB 1 o 98 AT D4 BRI 45 1Y
JRI TR R
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2 51 4] 6
7 6
S,T 3|T 9 | 14 7 6 79 [ 114
: . .
1 4 7|10 4 1 72 | 156

E 3-25 HMRHE
(2) WALE CFRB — B m B4, Rt i 14

A T BOR UL T SRAE T 4 B0 A0 2 B0 i AR 0 K s/ i 1805 B0 1
G 38 H A U X S R A X, i AT AN 3-26 FT

12 | 17
23 | 24
12 5 11 6 Max
; Pooling
8 3|17 | 14
23 4 ‘ 7 10
| Average
15 | 18 ‘ 11 || 24 Pooling
| i
7 12
15 | 13

3-26 iitE

1M A2k 7 R o b AR S B AR R AT A

O FEOEAAZEME,

i 2o A A AR OR T LR B AR A T SRR AL L X PRIAR AT Al U e g — 2B 0GB
TR R BT B £ B B RO YE R RRAE AT DL FE 70 3R G8 RHRRRAE

@ Bkt

B fel 22 5 2 AR TR ) e MOORAR O, B & AR 22 i 5 9 DL R A R R TG {5 B J
T it Al AT LS B3R G 28 TU A% 9 A5 UL 0 B0 R B R Ak O 4 . R R R AR A L B i
E/RE

(3) e E—H A4S

AR A R 22 W 45 19 i i — 20, 22 0 2 BRI It Al Ak T B9 000 i A ) 4
AR AR [0 U2 o0 28 [ ) 5 2, B A () B pR OIS i X R R 2R . e
BRAE ST 14 1 22 I 24 A 2 50 19 3 42 5 3R — R 19 BT A i 2 ST A A R 4

DA b gl 2 A5 RRURH 28 T 2% (Y SR AR 25 4, 92 B |, ONIN R HU2 iR 301y 3 24544 L 1
Je 2 JRAE K T EOE A 2R A R AL S B R B AL B . T TR B X A ] 4 00k g R
L 2 e TT HE— 2 W A
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3.3.2 YR Y B ph e 2%

PEARR T IFE AL 0 R A R, B R 2 A5 T Z . HETR UL
T YR BRI M R VS R )R 2B TR 2R E G E B S,
LA B 22 R 45 CCNIND I 3 2 8 1 T BB 0 6 i 4B 6 B, B oCh ot T 8% U 4 K
WA AIEREET 4B BT 4B 2 R 2%, 50 A 1 B0 i 1) ) 900 4 — 4
BR824 L B T i) L 00 Ak 00 8 ARG 0 2 P S N0 A o) 19 = 4 B 2 R 4% . it Ak
AN — 2 0 4 ol 22 ) 2% Al — A ) A 4

290 2 3 A0 A i A BR800 28 CCNIND) IR ] 8 2 T 00 B At Sy — 24 36 ARl i Ak P — 2
Bt T A B AR B RO O TR A . S b — 4R 4R UE D AR I A
FUIE A —ZEF0 4 X FUR A B B0 . TGI8 & —4Eid & — 48 CNN #8 B AT A A 79 45 1k
ISR AR T B9 05 o OB DX 0l 8 T A A KO8R 10 208 2 L R R ik A 0 8% (4 B A A i) 7 K4
W —4E R T AE S R 2R N 25 B DO AN 3-27 BT

1D Convolutional 2D Convolutional

3-27 — @M HEESTHMEMKZR XS]

— AR 2 FU R AR RS |- R — 4 KT 77 90 8 3 8 A Re— A )
B AT B USRS (OSCHRA 00 P BR e IBT E HR A L R %
i) 3 8RS A T R A R R — A B 87 OB — 24 5 UM 28 46
B IR AR R AR A B U — A LM B9 LA 2 P R L — e
T TR — 44 UM 28 0 1E 35 35 P T 47 25 0T B B8 3 7 9 I 05 51 40
S T 1 B TR 6 B PR 57 2 B0 035 55008 O 0 25 08 ) 26 ok 9 KR e 91
A U (5 W 10 0 478 30 BT L — e BB A 328 e,

T X BB 28 B 24 0 T A L 50 T 0 ) A — S B B 28 5 —
ST« — 445 BUR 28 04 145 U 2 5 1305 — 067 1] RO RS P07 ) W 30, — 2k
SR AT 329 B, th T Ak B R 46 L LR MR o RS R
R 3 2 B 400 5 015 2 L 28 I 21 L 0 426 25 TR
A DR 8 I 4 A K A 0 P 0 P B ™ P 25 B 22 1 %,
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*
»|

L >
Filter: [LLO—~1] Stride=3
E 3-28 —#HERIHHE
I O I
i)l [ [o]
215 |- 4 | -1 1[-1f0 31 -3
[o)l [o]| [T]
243021 2) * (0]of1]| = |-2f5/-2
1 43|12 of 1o 2 |10 4
31|23 |-2

3-29 “HENITE

LR P19 5 0 0 ol AR o 22 ) 2% 1) 52 B3 A7 P8 20 DR T 48 T+ 205 % R Py Torch
LB MG,

3.3.3 PyTorch SEI— i 35 B &8 0 4% s 1] 15 41 o il

AT ZHE LA 2016 4E A6 502k VS BT T3 15min #9056 % 3 5088 0 41 FI B Py Torch
T — YR A5 FRUBh 25 I 245, 52 00T il 2 i AR M ) T . B AR RS B i BE— 2 T R S R
2 W 24 I 48 R Py Torch 52913 T — 4 45 B 28 9 2% 0 1) ] 77 50 . AR Sy AR
SEELA B

(D BHRER S AFLLB,

IR YR — 24 4 B ST 0 ASCAS A2 %ok U 3 PG 1) B ol 3 s % Gk R AT TN 7T B AR AR R N
i A 5T BT A Ll 5% 2 U L DR T S B AR S T R E Y T M BR
HE G B AR AT AR, AL A T Python H ¥ Pandas £, i i3 Pandas -5 A 80454
e TR G AL, BRI T,

import torch

import torch.nn as nn

import numpy as np

import pandas as pd

import matplotlib. pyplot as plt

from sklearn. preprocessing import MinMaxScaler

SN EREE & 15min HE 3h B iR
df = pd.read csv('./15min_in.csv', index col = 0, encoding = "gbk", parse dates = True)
len(df)
df.head() #MBHEE, XE—NMETEFREFT
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y = df['"PHE ] "']. values. astype(float) CHIBERBEAZFAE
plt. figure(figsize= (12, 4))

plt. grid(True) £ Mg

plt. plot(y)

plt. show()

SENVE LT B o 2 o 0 i K 7 2R e N A A . 3B 1799 Sk e B
14 % R L AR SR 95 300 MR INER o O 1 ARAS HEAE B U ZRAECR s % i R
FrH— s B 0 — A B[ — 1, L], BRI T,

XM EMILRE, &/F 300 MEAMIXE

test size = 300

train iter = y[: — test size]

test iter = y[ - test size:]

FRA—UE[-L1IRE, ATREEFHINERR

scaler = MinMaxScaler(feature range= (-1, 1))

train norm = scaler.fit transform(train iter.reshape( -1, 1))

= B E P 5l 2R 5

train set = torch.FloatTensor(train norm).view( — 1)

(2) WA AR BOE .

T R T S I 24 TN A 9 L S A I K I TR] 0 ok 3o HORRC I A ST b (]
FRY RN 72, RIS 8] 5 4] b il RO D R A T8 1~ 72 SRRy « F A B0
5 73 AMELEN v H . MAbE ST input_dataO sRECHEAT YN ZRAE A B, 9 FLIR [
B AV bR 2 R R 51 3 AU IR

#EXKEEA

Time_window size = 72

# MR Bt iE) Be 5 R B I SRR, A SE 1~72 NMEMEA XN, BE 73 MEER vy H, X
#R—TATIEGHEES, B EEOEEE3 L EE
def input data(seq, ws):
out = []
L = len(seq)
for 1 in range(L — ws):
window = seq[i:1 + ws]
label = seq[i + ws:i + ws + 1]
out. append( (window, label))

return out

train data = input data(train set, Time window size)

len(train data) H#&EF 1799(FERHIEEKE) - 300(MXEKE) - 72(FHEEHFO)
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B AR B NumPy Hp#4E T7—

/> sliding window_view () PR AW , % bR %0038 15 B A B

[11) 5 51 L2 B if ] 6 /N AT ﬁ]iﬂﬂ”%ﬁi\ﬂ’ﬁﬁﬁiJﬁfﬁﬁﬁﬁﬁ%ﬁﬂ? .

from numpy. 1ib. stride tricks import sliding window_view

output = sliding window view(seq, ws)

(3) —4E MM AR,

HEiE s g M et s T B 8+ Keras, TensorFlow 1 PyTorch %5, & {1X}

PR Y SE BT AR HE AT

T T BRI SR

TR MRS AR S M e P R AR O . A

WK 1 T Py Torch #EAT — 4 45 B 28 [0 46 (9 £ 5, 00 LA AE ZR AT D 1) 332 2 T 2L 2%

P L £ A O BB, X

WA —— Bk

DR P i T FAORS B B % — AE S R A R 4% th 2 B BUZ  — R ORI AL = DL P2
A 1 J2 M A T A ] Re LU A g 980 o8 40, 72 1 A A TS 3& 48 ] nn. Dropout O) bR %X
BN G BT A R . S 0h AR WS R AT GPU iz 57, i i 3 3 AR, HAR S BEAR

(CRIN

class CNNnetwork(nn. Module) :
def _init (self):

super (CNNnetwork, self)

init ()

self.convl = nn.Convld(in channels =1, out channels = 64, kernel size=2)

£HtH(72-2+0)/1+1

71 shape(64,71, None)

self.conv2 = nn.Convld(in channels = 64, out channels = 32,

kernel size=2) #H#H (71 -2 +0)/1 +1 = 70 shape

# (32,70, None)

self.pool = nn.MaxPoolld(kernel size=2, stride=2) £#HH (70 -2 +0)/2 +1 =

self. fcl
self. fc2

def forward(self, x):

= self

= self.
self.

= self.
= self.
= self.

return x

MoM M X X X X X X X
I

= self.

convl (x)

.relu(x)
= self.
= gself.

conv2(x)
relu(x)
pool (x)
drop(x)

= x.view( —1)

fcl(x)
relu(x)
fc2(x)

device = torch.device("cuda")
net = CNNnetwork().to(device)

# 35 shape (32, 35, None)

nn. Linear(32 * 35, 640)
nn. Linear(640, 1)
self.drop = nn.Dropout(0.5)
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A WU E K BRI AL &7 . A T2 B0 k£ MSELoss 15 0 Il 2k 19 45 2% o8 K0 1
# Adam AE N INZRAI P ES 5% 2T F 1r=0. 0005 LR UIF .

criterion = nn.MSELoss()

optimizer = torch.optim.Adam(net.parameters(), 1lr = 0.0005)

(4) BRI 25,

DAL st 5 R 22 X 2 (R 95 e 7 L 4 P R 5 X W 4% i AT I 2. 1 e e LAk AR
B epochs =20, [a] I K W 25 5 8 S Yl s X, H236 A for 48 23 I I 25 it 9 A A< 4K
i o 5 EETE BRI 78 R U R S O S AT RS B A R R AL .l T AR B TR IR
ANFE G P26 A A A% =X 38 75 20 AR A B BT AR AT R 3% I #E Ol convl [ input_size:
(batch_size, in_channels, series_length) , BARR A Zr s PR AN T

# F iRl SRR B
epochs = 20

net. train()
for epoch in range(epochs) :

for seq, y train in train data:
SHREHNSHANSESERTHERTMIGBL
optimizer. zero_grad()
y train = y train. to(device)
& Xt ZASi# 1T reshape, I % 4 convld #Y input size(batch size, channel, series length)
seq = seq.reshape(l, 1, —1).to(device)
vy pred = net(seq)
loss = criterion(y_pred, y train)
loss. backward()

optimizer. step()

print(f'Epoch: {epoch + 1:2} Loss:{loss.item():10.8f}")

(5) e

BRI ZR 58 B LA - B8 U 9 e I 1 72 AN BCs T B B0 . 8 S I 28 5030 eval
3 Hh T A PN R A B U5 300 AN L PR S EE0E 1 300 W, A6 B A4 B — 2B 3 i
(] G710 3 IR 5] 3 810 i Ji 8 3l — A% o 30 i — UK i A P 20 119 5 S (90 2 o A Bl S A i A
2P i 0BT ) 0 AR A I A N ) T D S T AR SO i) LA —
JE b i 22 R[]I DRI Ay R 0 FH I R e ) AR A U, DAL 0 AN 75 P A A Y AL
oA 22 HEAT R I AL R AN AL . 53 ANE B 5E L LAJR O TP B B SR o T ik
A7 A — AL AR A I O LS B L (E (T 5 SE PR TR AT H s, R I .

future = 300

FEEF IR IE 72 NMEF TN
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preds = train norm|[ — Time window size:].tolist()

£ g B eval X

net. eval()

for 1 in range(future):
seq = torch.FloatTensor(preds[ — Time window size:])
with torch.no_grad():
seq = seq.reshape(l, 1, —1).to(device)
preds. append(net(seq). item())
#FR—UERELE
true predictions = scaler. inverse transform(np.array(preds[Time window size:]).reshape

(-1, 1))

(6) T K g %o LE o

T A BLIRINRG E 0 TN 45 SR AT AT AL A matplotlib. pyplotO) bR 5z il F50
SERMESLE A ML B AR IR . PR A B 22 e R IR ROR . RAK
UL A v 5 Nt £ P AN 18] 3-30 FrR

£ X bk B SR E fHUE

plt. figure(figsize = (12, 4))
plt.grid(True)

plt.plot(y)

x = np.arange(1500, 1800)
plt.plot(x, true predictions)
plt. show()

3000
2500+
2000

1500+

) M

0 250 500 750 1000 1250 1500 1750
3-30  F i gt b B4R O i 2

VL bt A Py Torch 5 8 3 T — 4 35 ARl 22 19 2% 1) I [8] 7 510 90300 f) 4= 5 A ol
T PyTorch B £ T A7 A ok K0 T2 047 5 2¢ , DRI 190 245 45 A I T 42 A P e o
B I8 . 53 Ah i AT LR A B 2 B AT R L R T R i R L [ I AT L
A i A B A R 0T HG A s ] 50 A0 B A B L R — 4 s LR 2 T 45 1
B
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3.3.4 PyTorch SEHL 4 B 4% T 580w

Wi 3. 3.3 WEA G A A X PyTorch #5 & — 4 B M & MG A T 0
19T fif . AESCBR I, kA R 28 0 25 1 A R T o B, e I AE R AL L RIS GR
A D T, R A AR Tz B T DR T A A AR A A R 2 I 2K A A R LA
FAEHE . $E T kB ] PyTorch #5 @t — 4 45 BUR 28 B 4%, HI >R 1 )] MNIST F5 8
B X FERFHAT . EEATUSRU TP RAGEE 5B MHENL%,
T anfar fi 4] Py Torch S5 B0 EE T — 4k 45 FUM 28 W 2% 1) T 5 871200 . DR S Bk S8l
HIR

(1) Hdu e ny 3 AMAL B,

AR YRS A 2 MINTST Hodfa 56 2 B0He 3 2 H 38 [ 15 22 b v 5 HOR BIF 5 e Wi 4
e P RS T O P T DR A W R I SR I 2% I I 2% ) v A R . BRHE SR A
60 000 DYNZREEH 10 000 ASMILLE 70 I8 7 FBR 2 18] 72 28 X 28 MR R A 1% b
& 0~9 310 M

HREE S ABIRE B AR A% X [data, label ], 88 — A7 OB 35 — A7 i
bR, AR torchvision. datasetsO) BREC S ABCHE 45 . Hrp 40 45 3 B 85080 48 17 b ik
root, X B S AT IH 2L transform G2 X EHs 470 — L b B . i TR ZE %5 -
T B Ll download = True, 048 48 19 T £ A [B] 38 LB 75 2O S5 7F . T2k

e« EZ A Dataloader O bR B0 Y1 25 42 A1 K6 23 0 AT £ 3% . B3R batch_

size=64,shuffle=True £ /R¥ L HATF L, num_workers=0 B/ AT EHLLFE TAE.
ARSI T,

import torch

import torch.nn as nn

from matplotlib import pyplot as plt

from PIL import Image

import torchvision

import torchvision. transforms as transforms
import numpy as np

import torch.utils. data as Data

import torch. optim as optim

#EEXMBBHITIH—WAE, BT MINIST & —4EHI7R B B S, BT LA mean 71 std RF—4%

# Normalized image = (image - mean) / std

transform = transforms. Compose ([ transforms. ToTensor ( ), transforms. Normalize (mean =
[0.5], std=[0.5])1)

train dataset = torchvision.datasets.MNIST(root ="./Datasets/MNIST", train= True,
transform = transform, download = False)

test dataset = torchvision.datasets.MNIST(root ="./Datasets/MNIST", train= False,

transform = transform, download = False)

batch size = 64
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train loader = Data.Dataloader(train dataset, batch size = batch size, shuffle = True, num
_workers = 0)
test_loader = Data.Dataloader(test dataset, batch size = batch size, shuffle = True, num_

workers = 0)

(2) Mg,

FERE S B AT AL H5E R L ST IR S A S B 2 AR, e — s S R
AT E . num_classes=10 LR ILAG + IS0 A0 BHE KIS, 2K [r=0. 001, EAR IR EL
epochs=20,i8 7% %% device £t GPU (cuda) #47 W 2% Mt 1k . 5 #JH PyTorch
BRI 2 W2 I8 2 LLZE K nn. Module A9 7 A1 # ConvModule 28, % M 4%
P2 BRUE 2 s RO Al 2 DL B = )2 4 i 42 2 M S T AL, TR eRBCE $F ReLU pRIEK
ZHEER Conv2dO BB HER N 3-1 PR,

R 3-1 Conv2d HBHESH R

Conv2d Z# o '8
in_channels(int) MAGSNEERHE
out_channels(int) Wi 5 S 08B A (Gl BB A ok % E)
kerner_size(int or tuple) R R
stride(int or tuple) HBRLEK
padding(int or tuple) AW —J 478 0 124K

TEAE BB AR 22 P 25 AR 2 0 5L R BCSE AR Py Torch $T 6B B 47 1Y 7 2L 1 45
PRSP LU AR 5 5 B Al % 2R B0 A 2 . ek BRSO A S i e 4 A
0 BTSSR A P A ) 24 4% A J2= O 728 A 5 o 50 A i — B, SRR R R A BB AE s
F1 W x4t . 8 TR RE A0 B BB 7 0 AL AE S L IR 2 I X T 4 AR 2 )
28 A N S AR R A R A . D3 A I eR B B T A S A O pR R DI A A T
T Adam fiEfb s BARSEBACHSANT .

num classes = 10
1r = 0.001
epochs = 20

device = torch.device("cuda:0")

# pytorch #HEERE
class ConvModule(nn. Module) :
def _init (self):
super (ConvModule, self). init ()
FEXNBRSERE:
self.conv2d = nn.Sequential(
# 8 — input size = (1,28,28)
nn. Conv2d (in_ channels = 1, out channels = 32, kernel size = 3, stride =1,
padding=1),
nn. MaxPool2d(2, 2),
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nn. ReLU(inplace = True), # inplace RINEBHITEEITE
tEE
nn. Conv2d( in_channels = 32, out channels = 64, kernel size = 3, stride =1,
padding=1),
nn. MaxPool2d(2, 2),
nn. ReLU( inplace = True),
)
THHE, BSEEHTADEH
self.relu = nn.ReLU()
self.fcl = nn.Linear(64 * 7 % 7, 1024)
self.fc2 = nn.Linear(1024, 512)
(

self.fc3 = nn.Linear(512, num classes)

def forward(self, x):

out = self.conv2d(x)

SREE TS %

out = out.view( -1, 64 x 7 % 7)
out = self.fcl(out)

out = self.relu(out)

out = self.fc2(out)

out = self.relu(out)

out = self.fc3(out)

return out

net = ConvModule(). to(device)
criterion = nn.CrossEntropyLoss()

optimizer = optim.Adam(net.parameters(), lr= 1r)

RRA % 1 58 L LA 2 5 SN 5 bR BORTIN 3 R A5, T 1 R SR AR 25 A R, 242 8
A For #5¥ %} data_loader )44~ Batch #E173#8 1 . SR JF iz AT 4%, id AR ER IR L,
I5 J5 2R AT A S R 0 P 4 R AU R E A A, T BT B Y TR I R R A b A W 4 4R
S AN RS g YR T 2 BT X A B R AT A R R B A s 7E DX o B b U A
W 25 48 72 eval B, MR FH A9 2 B0 28 3 I 2R 00 A 15 20 0% L BT LA T 250 % AL EE A1 Oig
EHOR G, BT 2 28 7E with torch. no_grad O B EE T84T, BREUCHS W T,

£ Il 45 i\ ]
def train epoch(net, data loader, device):
net. train() #iEEYIAINEGER
train batch num = len(data loader) 2B REF E D epoch
total loss = 0 #id 3 LOSS
correct = 0 FIEREFS DI HEEBERS X
sample num = 0 £ RERHE

# 8 [ 8 4> batch # 17 ill &

151
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for batch id, (inputs, labels) in enumerate(data loader) :
2B EINBERBANIEER device H1
inputs = inputs. to(device).float()
Z BB RIREBNIEER device H
labels = labels.to(device). long()
ZHEEES
optimizer. zero_grad()
SHEER
output = net(inputs)
I EHKR
loss = criterion(output, labels. squeeze())
2 TR B 9B
loss. backward()
optimizer. step()
# 20 loss

total loss += loss. item()

FHRHBIHEAENRX idx, ARBTNILE 8 T4 K5

prediction = torch.argmax(output, 1)

£ HITMNERNKINB=

correct += (prediction == labels).sum().item()
SEMEFERZH

sample num += len(prediction)

I E T loss MAEME
loss = total loss / train batch num
acc = correct / sample num

return loss, acc

def test epoch(net, data loader, device):

net.eval() #¥EE AR A MXENX

test batch num = len(data loader)

total_loss = 0

correct = 0

sample num = 0

HHEEAFHITHETKL:

with torch.no_grad():

for batch idx, (data, target) in enumerate(data loader) :

data = data.to(device). float()
target = target.to(device). long()
output = net(data)

loss = criterion(output, target)
total loss += loss. item()
prediction = torch.argmax(output, 1)
correct += (prediction == target).sum().item()
sample num += len(prediction)
loss = total loss / test batch num
acc = correct / sample num

return loss, acc
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(3) RN,

FE SCUFIN 5 AN R B DL S S gt AT DL AT I 28 A g I 25 1L 1 40 B B train
loss.train_acc.test_loss.test_acc PUA51 3, ] T 17 B — I EAR Y Loss DL K Ace, ff T
JoE T AT AR SR . B AT H] For B3R HEAT U 252 A, 3 U 326 X0 5 B i H A58 280 (09 43 2% LA
Ly, BRI T .

% FEE — > epoch B loss 5 acc Tk, EFEER AT L

train loss list = []

train_acc_list = []

test loss list = []

test _acc_list = []

£ BTl 85

for epoch in range(epochs) :
train loss, train acc = train epoch(net, data loader = train loader, device = device)
test loss, test _acc = test_epoch(net, data loader = test loader, device = device)

train loss_list.append(train loss)
train acc list.append(train_acc)
test loss list.append(test loss)
test acc list.append(test acc)

)

print('epoch % d, train loss % .6f, train acc % .6f' % (epoch + 1, train loss, train acc))

)

print('test loss % .6f , test acc % .6f' % (test loss, test acc))

(4) PIEg R HERR R mTAAL ,

W3 A Uk AR [ i 4 2k DL R HE A 3R LU L FH Matplotlib 3 i 5 11 5 A it i
F 9 it 2 S o 5 il 2, OF ELK i 42 18145 53 I A7 4if i Loss. jpg” " Acc. jpg” 1Y jpg 6 X
K AR T .

x = np. linspace(0, len(train loss list), len(train loss list))
plt.plot(x, train loss list, label = "train loss", linewidth=1.5)
plt.plot(x, test loss list, label = "test loss", linewidth=1.5)
plt. xlabel("epoch")

plt. ylabel("loss")

plt. legend()

plt. show()

plt. savefig( 'Loss. jpg')

plt.clf()

x = np. linspace(0, len(train acc list), len(train acc list))
plt.plot(x, train acc list, label = "train acc", linewidth=1.5)
plt.plot(x, test acc list, label = "test_acc", linewidth=1.5)
plt. xlabel (" epoch")

plt. ylabel("acc")

plt. legend()

plt. show()

plt. savefig("Acc. jpg" )
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(5) BIAPEAL

W2 225 20 YR AR LLG , I 2R AN AR B9 4612k i JROR 89 0. 31 1 0. 18 [ 3 1 0. 04
0. 10, HERH AL F] 98 V0 , 32 A I 28 ALY I A8 R AR AT L, 20 2R BCR e . 1817745 2
AR ABE R 458 2 ol 2 PRT LA R A5 A ol 3 o £ 11, 25l B 8] 3-31 FTIAT 3-32 o .

—— train_loss — train_acc
0.30 + —— test_loss 0,08 f— tstece
025}
0.96
L, 020} .
g 094}
0.15
0.10 0.92+
0.051 0.90 +
0.0 25 50 7.510.0 125 150 17.5 20.0 0.0 25 50 75100 125 150 17.5 20.0
epoch epoch
& 3-31 HREI5 K £ E & 3-32 HREHERERM&KE

3.4 BESRMENLEK

3.4.1 PEIEPPE PSR

K] 4 B 22 B 4% (Graph Convolutional Network, GCN) 2 3T 26 45 2 Wi i 47 i) — Fh g
2802 R e B IR AE O 28 A5 TC BRI A RRUAS 7 1] 10 2% S5 1) 457 2 [+) 35 AR B AR L KT ik
HERLA M — R RS BRI 2 P 45 5 AR SR I 4 AR LSTM Al CNN 7 b B 24
EKRVA AT . LSTM F CNN H 8 HI T 9 45 45 4 ) 85040, 1 1] 4 B M 28 ) 4% g 6% A 1
BAT)™ SR MR 2500 A 8Ot IR AR I LR AL A

TE EARA 20 B G B 28 B 28 22 T e 40— SE R B A,

(1) K (Graph),

EN KK G=(V,E), V hn R KT E fon R KL, Kdilhky
I Sk TG 1) [, A IR A T 1

(2) 4B JE (Neighborhood) ,

TV, AN, . (V,EVIV,V, €E}, fEFmE T MRTUE V, BTV, 148
Ja R ATV, W TV, B4R SE .

(3) JEHEFF (Degree) ,

J3E R S X A B 6 AR B R IR A TR R BE . THAR VA BE 3R R TR A DG
B B 300 ) B

T EPTE V, WEIVOI=N, . AEES AV, B2 ATV, 8
ABE DTSRV, M 25 0 ) 20 i) 850ie R A TO RV, RO AT ] i A B0
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d(V,)) = 0
AG) = :

0 e d(V)
(4) ZPBIFERE (Adjacency)
AR M ROR U M OC R L J2 n B 7 B (n S TR BED)
R R R g A 1o ] 4608 42 R A A O 1o 1 8 9 L I . TG ) TRT 0 2 A R e ) R R e T
A 1o P51 1 B 2 R AN — 5 XS R
1. V,V, €E

AG)], =
- Ji {o, HoAth

B rp o 2 HE 2 R AR R P R X

@ o
ERR 910 40, 0 AP k 5  £ ) 2 e ® o _J "0
RO T4 L R N 2 1 O R ’;— oo 3o
Pl 12— B J2 HE 510 4 5 (10 56 M 1T 22 LA 25 1] 9 o9 3.5:.0. |
NS R MU . [ 333 % 0 i o = T
75 XN .g ®

Xt HLA D g5 R 0 BB T DL R e
SCHF 9 A% b 25 48 80406 1) 36 B JE AR XL
PN b A BURAE L N 3-34 FToR CEBERAT
SRR I S R AE AL 1 BT L BT IR, SR T DAAR B S A RS RRIEE . BT
CNN, E BRI ZATE A AR T CNN 44 kernel AAER F82 H0 00 A4 56 14 #% 1R
Xof AV B A3 LA R P A L GE R — N R . AR AT SRR A R E AT i —
FERLVENEE S 5 A BT A5 B A 24 AN TR 14 [A]— A 7 5 P9 A0 5 A5 5% AR [R] A A
LN B E L, B, 6 TR 3-34, af DIRE ML S BB o 1 S 1 4R T
ELHEBION 2 M0 2 ABITAE L ARt T LR FH R N A A% 1 SR W, G4 R B B TR O
14 32 3T 3 73 WA EE . AR (1 40 i SR A B AR R label SR, X448 715 55 /3 i label, label
FHIA T e — AR,

b NN
SN T SN/

o QK\Q

3-34 AHNE LR STRIRE

3-33 X WEHINE
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X T I T 85 48 1) 58 11 A FRUM 28 I 4% R AR A i RO s S S B G R
I, GON I JLAEAS 21 7 PR & 8 5 A3k 1] 4 RS 2, 3000 L & 5k 2 3 =008 0 4, P 3
— B LN A GCN R BLRE 115 3] TR 271,

AT, B LSRR E A LA DI 2, — A2 TIE KSR, AT O
Pt A8 e 8 A AR S Bk 2 ], 38 e A e s T b Al e AR S B Bk L ) 5 B R S PR
A0 56 S R A AR A B S D B s s ), T g — R ORISR T A M K B L 5E %8 CNN 1R
18, RN R 2540 b o O A m 48 DL S S4B R Z B C & .

EX—KE G=(V.,E.A).V ZEMTHES.E RRMBES. ACSR " LERILZN
Y5 RR A ) GON 8 BB 2 LA =R (3-14) AT A X (3-15) i (Kipf 55 A 42
GCN A .

H'™ =frH' A)—o(D TAD TH'W + b)) (3-14)
H' —D TAD “H' (3-15)
Hot A=A +1,A€R"" S4B M 1€ R Jy s il D S A O A 15 I 4
B W R 1 RIS EUERE b N L R0 RE L H E R N IE R, ok A

SBCH e R AR CH € R A AME BRHEAFE o (o) SIS

3.4.2 NumPy SEHLPE P fh2s R 4%

A A NumPy 52 B & 4 BUR 26 90 2% b 14 115 1) 4% 46 358 43 . LLURS Bl 32 & Jin i F
RS AR R S PR R (N LS (N N v Sl )
GOCN 2 (A& HE B0) an =X (3-15) fif s . 2B # ik 2
A S B DL R AR RS 4 S B 5E RS b A2
X2 (3-14) FA R (3-15) 4 3% 45 09 B it

e — R R A T &, & 3-35
iR .

fdi Jl NumPy 4 5 & 3-35 B4R AL 10 335 AEHE
.,

import numpy as np
from math import sqgrt
A = np.matrix([

[0, 1, 0, O],
[0, 0, 1, 1],
[o, 1, o, 0],
(1, 0, 1, 011,
dtype = float)

LTRSS R T O HAE A BE BRI, A2 R IE AR RSO XL AU AT
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X = np.matrix([
[i, —14]
for i in range(A. shape[0])], dtype = float)

AR RE I — > R L X 0T DU o 7 B AR LU 2 AR B R A 5 B

BE T AR STIE . AE WU AL A O RRAE (AR AEFE ] A _hat, WA BEXT R Ak A=A+
IR,

I = np.matrix(np.eye(A. shape[0])) Hnp.eye()IREIH R — D4R EAE (N M), ALK H
EFA1L,EENHAAO
Ahat = A + I

HE R BRI D _hat H BE A AL PR D %ﬂ%ﬁJi‘%ﬁihﬁé%ﬁ%ﬂ\ﬁ%%%ﬁ
JE R L 2D R 1 O A (3-15) AU IR .

D hat = np.array(np.sum(A_hat, axis=0))[0]

D hat sqgrt = [sqrt(x) for x in D _hat]

D hat sqgrt = np.array(np.diag(D hat sqgrt))

D hat sgrtm_inv = np.linalg. inv(D _hat sqrt) & RSB REMEK - 1/2 IRT
D A final = np.dot(D_hat sqgrtm inv, A hat)

D A final = np.dot(D A final, D _hat sqgrtm inv)

AIMACE W5 i & o AR AT .

W = np.matrix([
[, -1,1, -1]
[-1,1, -1, 1],
(1, -1,1, —-11,
[-1,1, -1, 1]

]

b = np.matrix([
[1, 0, 1, O],

i,

]

]

= o
N
o ~ o
SO

o

(o,
(1,
[ 4 /l
1

IS PRER DR R R RR AR 26 B a0 4 5, JF W A RelLU 3% %k, Rel.U PRELHY
ARE F(2)=max(0,2) . RIBWTF,

def relu(x):
return (abs(x) + x) / 2

JO7 P A% 48 LU A 180 — J2 B AR B b A0 R B 28 SO 3 (3-14) AR IR
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REH S5 RRBAREIELEL

output = relu(D A final * W + b)

3.4.3 PyTorch S2H P B 58 0 4% sk 0] 7y 1) Fa il

(D) s e

Al AR R A I 201548 1 A 1 HE 1 A 31 B EPlBEE, 5
BBE EEAIEW A T 156 X 156 AR 45 M R IR Z MM M L R, &
FAR T — 2% B L 0 B P (R 2R T s 2 (B 0 B M . B T R AR IR AR B B AR T &
SN OB Ui NI R I S S B e B Ry I P N i ST S S o
B, B 15min R — KRR A5B% b Y A2 38 HRE B 4k B2 Dy 2976 X 156, i FH it &5 10 4>
R T80 25 0 B0 T A o 1 A~ B[] 25 ) 850 . 58 B 80 06 1 54 4 R Il 4 46 L 20 V6 I BB A
SR A SO ZREE TS 10 Y6 I BN 1 D B0 TE S X A2 38 o B E AT SR T . L, B
SE LRI S B LNk 3-2 PR .

x32 HEXNFEHMNSHEX

E i 1 Z 8 & X
time_interval 15 B ) L
time_lag 10 A FH 14 D sk i ) 25
tg_in_one_day 96 — KWNA Z/DAB [E 25
forecast_day_number 5 T B4 K AL
is_train 2RIA True SET AR g &
is_val 2RIN False B AR UE 4R
val_rate 0.1 U5 UE 4 AIr o E B
pre_len 1 TN A >k i 1] 25

HE S — 1 K dhs B 3l 23 D DI R4 L 36 e A A 3 A e B AURS AR

import torch
from torch. utils. data import Dataset

import numpy as np

Parameter:
time interval, time lag, tg in one day, forecast day number, is train = True, is val =
False, val rate=0.1, pre len

won

class Traffic speed(Dataset) :
def init (self, time interval, time lag, tg in one day, forecast day number, speed
data, pre len, is train= True, is val = False, val rate=0.1):
super(). init ()
FULER S ME R RS BIREX S Al SR IIESE K &
MG XBEEA nun* 156 x 10,10 KK 10 M B EF, Y BI4EBE DD num * 156 * 1



$3FE REFIEMEEE T

#X Ak E— At R 10 4B E &

FYH 156 FEFTERRK 1AM ES

self. time interval = time interval

self. time lag = time lag

self. tg_in one_day = tg_in one day

self. forecast day number = forecast day number

self.tg in one week = self.tg in one day * self.forecast day number
self.speed data = np.loadtxt(speed data, delimiter=",6").T & X}4HGHF755 8
self.max speed = np.max(self.speed data)

self.min speed = np.min(self. speed data)

self.is train = is train

self.is val = is val

self.val_rate = val_rate

self.pre_len = pre_len

# Normalization
self. speed data norm = np.zeros((self. speed data. shape[0], self. speed data. shape

for 1 in range(len(self. speed data)):
for j in range(len(self. speed data[0])):
self. speed data norm[i, j] = round((self.speed data[i, j] — self.min_
speed) / (self.max speed — self.min speed), 5)
if self. is_train:
self. start_index = self.tg in one week + time_ lag
self.end index = len(self.speed data[0]) — self.tg in one day * self.forecast
day number — self.pre len
else:
self. start index = len(self. speed data[0]) — self.tg in one day * self.
forecast day number
self.end index = len(self.speed data[0]) — self.pre len

self.X = [[] for index in range(self. start index, self.end index) ]
self.Y = []
self.Y original = []
# print(self. start index, self.end index)
for index in range(self. start index, self.end index):
temp = self.speed data norm[:, index — self.time lag: index] # 4Bik JL ANt [H]
+EREE
temp = temp. tolist()
self. X[ index — self.start index] = temp
self.Y. append(self. speed data norm[:, index:index + self.pre len])
self. X, self.Y = torch. from numpy(np. array(self.X)), torch. from numpy(np.array
(self.Y)) # (num, 156, time_lag)

# if val is not zero
if self.val rate * len(self.X) != 0:
val len = int(self.val rate * len(self.X))

train len = len(self.X) - val len

159
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if self. is_val:
self.X = self.X[ —val len:]
self.Y = self.Y[ —val len:]
else:
self.X = self.X[ :train len]
self.Y = self.Y[:train len]
print("X. shape", self.X.shape, "Y. shape", self.Y. shape)

if not self. is_train:
for index in range(self. start index, self.end index):
self.Y original.append(self. speed data[:, index:index + self.pre len])
# the predicted speed before normalization

self.Y original = torch. from numpy(np.array(self.Y original))

def get max min_ speed(self):

return self.max speed, self.min speed

def getitem (self, item):
if self. is_train:
return self. X[ item], self.Y[item]
else:

return self. X[ item], self.Y[item], self.Y original[ item]

def len (self):
return len(self. X)

1£ PyTorch 1, DatalLoader J&#E 178086 20 A B9 F 14 . 00K B s 28 A I 171K
B2 BRI I Sk, AT F A8 Dataloader fin#kEcds , fCAS 40 F .

def get speed dataloader(time interval = 15, time lag=5, tg in one day= 72, forecast day
_number =5, pre len=1, batch size=32):
# train speed data loader
print("train speed")
speed_train = Traffic speed(time interval = time interval, time lag= time lag, tg in_
one day=tg in one day, forecast day number = forecast day number,
pre_len = pre len, speed data = speed data, is_ train = True, is_

val = False, val rate=0.1)

max_speed, min speed = speed train.get max min_speed()
speed data loader train = Dataloader (speed train, batch size = batch size, shuffle =
False)

# validation speed data loader
print("val speed")
speed_val = Traffic_speed(time_interval = time_interval, time_lag = time_lag, tg_in_
one day=tg in one day, forecast day number = forecast day number,
pre len = pre len, speed data = speed data, is train = True, is_

val = True, val rate=0.1)
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speed data loader val = Dataloader (speed val, batch size = batch size, shuffle =
False)

# test speed data loader

print("test speed")

speed_test = Traffic_speed(time interval = time interval, time lag= time lag, tg_ in_
one day = tg in one day, forecast day number = forecast day number,

pre len=pre len, speed data = speed data, is train = False, is_

val = False, val rate=0)

speed data loader test = Dataloader (speed test, batch size = batch size, shuffle =
False)

return speed data_loader train, speed_data loader val, speed_data loader_ test, max_

speed, min_speed

1 1

(2) WA,

BRI G- 1O GON 2, BB FE M D “AD 7, k5 A i LR
mr.

import tensorflow as tf
import scipy. sparse as sp
import numpy as np

from math import sqgrt

class GetLaplacian:
def init (self,adjacency):

self.adjacency = adjacency

def get normalized adj(self, station num):
I = np.matrix(np.eye(station num))
A hat = self.adjacency + I
D hat = np.array(np.sum(A _hat, axis=0))[0]
D hat sqrt
D hat sgrt = np.array(np.diag(D_hat sqrt))
D hat sgrtm inv = np.linalg. inv(D_hat sqrt) # FHEKFEEDAERER -1/2 %75
#D A final=D hat ** -1/2 % A _hat * D hat xx% - 1/2
D A final = np.dot(D_hat_sqrtm_inv, A hat)
D A final = np.dot(D_A final, D hat sqgrtm_ inv)
# print(D_A final. shape)
return np. array(D_A final, dtype = "float32")

[sqrt(x) for x in D_hat]

# Method2 to calculate laplacian

def normalized_adj(self):
adj = sp.coo matrix(self.adjacency)
rowsum = np.array(adj.sum(1))
d_inv_sqgrt = np.power(rowsum, —0.5).flatten()

).
d_inv_sqgrt[np. isinf(d inv _sqrt)] = 0.
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d mat inv_sgrt = sp.diags(d_inv_sqrt)
normalized adj = adj.dot(d mat inv sqrt).transpose().dot(d mat inv_sqgrt).tocoo()
normalized adj = normalized adj.astype(np.float32)

return normalized adj

def sparse to tuple(self, mx):
mx = mx.tocoo()
coords = np. vstack((mx.row, mx.col)).transpose()
L = tf.SparseTensor(coords, mx.data, mx. shape)

return tf. sparse. reorder(L)

def calculate laplacian(self):
adj = self. normalized adj (np. array(self. adjacency) + sp. eye(np. array ( self.
adjacency) . shape[0]))
adj = sp.csr_matrix(adj)
adj = adj.astype(np. float32)
return self. sparse to tuple(adj)

GON JZ 9% A REIEREPE HY LR ABHERIME D *AD . /K45 o 4 40 1
B 2% 35 1 04 T I R R, SRR B O T I R A 1Y % G R E . W46 1k GCN 2
Bt T B E BT B AR AE B in_features DL A B R IE N2 out_features, GCN
ZE RS,

import math
import torch
from torch. nn. parameter import Parameter

from torch. nn. modules. module import Module

class GraphConvolution(Module) :

nun

Simple GCN layer, similar to https://arxiv.org/abs/1609.02907

nun

def init (self, in features, out features, bias = True):

super (GraphConvolution, self). init ()

self. in_features = in_features

self.out features = out features

self.weight = Parameter(torch.FloatTensor(in features, out features). type
(torch. float32))

if bias:

self.bias = Parameter(torch. FloatTensor (out features). type(torch. float32))

else:
self. register parameter('bias', None)

self.reset parameters()
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def reset parameters(self):
stdv = 1. / math. sqrt(self.weight.size(1))
self.weight. data.uniform ( — stdv, stdv)
if self.bias is not None:

self.bias. data.uniform ( — stdv, stdv)

def forward(self, x, adj):
support = torch.matmul(x, self.weight. type(torch. float32))
output = torch. bmm(adj. unsqueeze(0) . expand(support. size(0), * adj.size()), support)
if self.bias is not None:
return output + self.bias. type(torch. float32)
else:

return output

def __repr (self):

return self. class . name _ + '(' + str(self.in features) + ' —> ' + str
(self.out features) + ')'

AT AL AT 2 GON D R = )2 4 7 2 W) 4% k& T i, e GON 2 19 i A e
TR 5505 B RRAE S 208 R time_lag, 2238 B AR B 480 GON JZ AL 38, SR 5 1 FH 42 3%
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import torch
from torch import nn
import torch. nn. functional as F

from model. GCN_layers import GraphConvolution

class Model (nn. Module) :
def _init (self, time lag, pre_len, station num, device):

super(). init ()

self.time lag = time lag

self.pre len = pre_len

self. station num = station_num

self.device = device

self.GCN1 = GraphConvolution(in features = self.time lag, out features = self.time lag).
to(self. device)

self.GCN2 = GraphConvolution(in features = self.time lag, out features = self. time
_lag). to(self.device)

self.linearl = nn. Linear(in features = self. time lag * self. station num, out
features = 1024) . to(self. device)

self.linear2 = nn.Linear(in features = 1024, out features=512). to(self.device)

self. linear3 = nn.Linear(in features =512, out features= self. station num * self.pre
len). to(self. device)

def forward(self, speed, adj):
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speed = speed. to(self.device)

adj = adj.to(self.device)

speed = self.GCN1(x = speed, adj = adj)

output = self.GCN2(x = speed, adj = adj)

output = output.reshape(output.size()[0], - 1)
output = F.relu(self.linearl(output))

output = F.relu(self.linear2(output))

output = self.linear3(output)

output =

return output

(3) BRI E 541

#[32,156,10]

# (32, 156, 10)

# [32, 156, 10]

# (32, 156 * 10)

£ (32, 1024)

# (32, 512)

# (32, 156 * pre_len)

output. reshape(output. size()[0], self.station num, self.pre len)

# ( 64, 156, pre len)
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import numpy as np

import torch

class EarlyStopping:

nun

wun

patience.

def __init (self, patience =7, verbose = False):

nun

Args:

Early stops the training if validation loss doesn 't improve after a given

patience (int): How long to wait after last time validation loss improved.

Default: 7

verbose (bool): If True, prints a message for each validation loss improvement.

Default: False

nun

self.patience = patience
self.verbose = verbose

self. counter = 0
self.best score = None
self.early stop = False

self.val loss_min = np.Inf
def
score =

—val_loss

if self. best score is None:

self.best score = score

__call (self, val loss, model dict, model, epoch, save path):

self. save checkpoint(val loss, model dict, model, epoch, save path)

elif score < self.best score:

self.counter += 1
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print(
f'EarlyStopping counter: {self.counter} out of {self.patience}', self.val
_loss_min
)
if self.counter >= self.patience:
self.early stop = True
else:

self.best score = score
self. save checkpoint(val loss, model dict, model, epoch, save path)

self.counter = 0

def save checkpoint(self, val loss, model dict, model, epoch, save path) :
'''Saves model when validation loss decrease. '''
if self. verbose:
print(
f'Validation loss decreased ({self.val loss min:.8f} ——> {val loss:.
8f}). Saving model -
)
torch. save (model dict, save path + "/" + "model dict checkpoint {} ({:.8f}.
pth". format(epoch, val loss))
# torch. save(model, save path + "/" + "model checkpoint {} {:.8f}.pth". format
(epoch, val loss))
self.val loss_min = val_loss

ARG FE R T AR RMSE, RIMAE BB R EX 4 %% 2% MAE, Il
BOE- 214855 5 43 iR 22 WMAPE PUAS 48 A5 6465 8 3E 47 PEH M 8 7 — 45 A BT A 2R
B, bR B A SR LSRR TSI AR a8 0 R AR N B PEAR 8 A L B A AN T

from sklearn. metrics import mean squared error
from sklearn. metrics import mean absolute error
from sklearn. metrics import r2 score

from math import sqrt

import numpy as np

nnn

class Metrics

func : define metrics for 2 - d array

parameter

Y true : grand truth (n, 156)

Y pred : prediction (n, 156)

class Metrics:

def init (self, Y true, Y pred):

self.Y true = Y true
self.Y pred = Y pred

def weighted mean absolute percentage error(self):
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total sum = np.sum(self.Y true)
average = []
for 1 in range(len(self.Y true)):
for j in range(len(self.Y true[0])):
if self.Y true[i][j] = 0:
# M0 (y_true[i][j]/np. sum(y true[i])) *
temp = (self.Y true[i][j] / total sum) * np.abs((self.Y true[i][j] —
self.Y pred[i][j]) / self.Y true[i][j])
average. append( temp)

return np. sum(average)

def evaluate performance(self):
RMSE = sqrt(mean squared error(self.Y true, self.Y pred))
R2 = r2 score(self.Y true, self.Y pred)
MAE = mean absolute error(self.Y true, self.Y pred)
WMAPE = self.weighted mean absolute percentage error()
return RMSE, R2, MAE, WMAPE

class Metrics_1d:
def __init_ _(self, Y true, Y pred):
self.Y true = Y true

self.Y pred = Y pred

def weighted mean absolute percentage error(self) :

total sum = np.sum(self.Y true)

average = []

for 1 in range(len(self.Y true)):

if self.Y true[i] > 0:
# A4 (y_true[i][j]/np. sum(y_true[i])) *
temp = (self.Y true[i] / total sum) * np.abs((self.Y true[i] — self.Y pred
[i]) / self.Y true[i])

average. append( temp)

return np. sum(average)

def evaluate performance(self):
RMSE = sqgrt(mean squared error(self.Y true, self.Y pred))
R2 = r2 score(self.Y true, self.Y pred)
MAE = mean absolute error(self.Y true, self.Y pred)
WMAPE = self.weighted mean absolute percentage error()
return RMSE, R2, MAE, WMAPE

(4) BERYI 25 B ,
FERERYYIN LR 55, 1 5 XA 78 v ) 2 500k A7 WA L 9 hn 28 e o 22 104 3 IR ol B
SR BE B L B A, Jf i B EarlyStopping M) 2 8, & % #] % & EarlyStopping )
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patience A 100, XfF & —4 Epoch, e 47UI Zk, AT IR E ., & — R RIES R G,
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import numpy as np

import os, time, torch

from torch import nn

from torch. utils. tensorboard import SummaryWriter

from utils.utils import GetLaplacian

from model. main model import Model

from utils. earlystopping import EarlyStopping

from data. get_dataloader import get_ speed_dataloader

device = torch.device("cuda:0" if torch.cuda. is available() else "cpu")

print(device)

epoch num = 5000

1r = 0.001

time interval = 15
time_lag = 10
tg_in_one_day = 72
forecast day number = 5
pre_len = 1

batch size = 32

station num = 156

model type = 'ours'

TIMESTAMP = str(time.strftime(" %Y %$m %d %$H %M %S"))
save_dir = './save _model/' + model type + ' ' + TIMESTAMP

if not os.path. exists(save dir):
os. makedirs(save dir)

speed data loader train, speed data loader val, speed data loader test, max speed, min
speed = \

get speed dataloader(time interval = time interval, time lag = time lag, tg_in one day
=tg_in one day, forecast day number = forecast day number, pre len = pre_len, batch size
= batch size)

# get normalized adj

adjacency = np.loadtxt('./data/sz adjl.csv', delimiter=",6")
adjacency = torch. tensor(GetLaplacian(adjacency).get normalized adj(station num)). type
(tor'h. float32). to(device)

global start time = time.time()

writer = SummaryWriter()

model = Model(time lag, pre len, station num, device)

print(model)
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if torch. cuda. is_available():
model. cuda()

model = model. to(device)
optimizer = torch.optim.Adam(model.parameters(), lr = 1r)

mse = torch.nn.MSELoss(). to(device)

temp time = time.time()
early stopping = EarlyStopping(patience =100, verbose = True)
for epoch in range(0, epoch num) :
# model train
train loss = 0
model. train()
for speed tr in enumerate(speed data loader train):
i batch, (train speed X, train speed Y) = speed tr
train speed X, train speed Y = train speed X. type(torch. float32). to(device),
train speed Y.type(torch. float32). to(device)
target = model(train speed X, adjacency)
loss = mse(input = train speed Y, target = target)
train loss += loss. item()
optimizer. zero_grad()
loss. backward()

optimizer. step()

with torch.no grad():
+ model validation
model. eval ()
val_loss = 0
for speed val in enumerate(speed data loader val):
i batch, (val speed X, val speed Y) = speed tr
val speed X, val speed Y = val speed X.type(torch. float32).to(device), val
speed_Y. type(torch. float32). to(device)
target = model(val speed X, adjacency)
loss = mse(input = val speed Y, target = target)

val loss += loss. item()

avg train loss = train loss / len(speed data loader train)
avg val loss = val loss / len(speed data loader val)
writer.add scalar("loss train", avg train loss, epoch)
writer.add scalar("loss eval", avg val loss, epoch)

print('epoch:', epoch, 'train Loss', avg train loss, 'val Loss:', avg val loss)

if epoch > 0:
# early stopping
model dict = model. state dict()
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early stopping(avg val loss, model dict, model, epoch, save dir)
if early stopping.early stop:
print("Early Stopping")
break
# 4 10 4 epoch ¥T E] — & Il &k B 18]
if epoch % 10 == 0:
print("time for 10 epoches:", round(time.time() - temp time, 2))
temp time = time.time()
global end time = time.time() - global start time
print("global end time:", global end time)

Train time ALL = []

Train time ALL.append(global end time)

np. savetxt('result/lr ' + str(lr) + ' batch size ' + str(batch size) + ' Train_time ALL.
txt', Train_ time ALL)

print("end")
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D:\software\anaconda\envs\pytorch\python.exe D:/deeplearning/## 4 L#4/GCN_code/main.py
cuda:0

train speed

X.shape torch.Size([2821, 156, 10]) Y.shape torch.Size([2021, 156, 1])

val speed
X.shape torch.Size([224, 156, 18]) Y.shape torch.Size([224, 156, 1])

test speed
X.shape torch.Size([359, 156, 10]) Y.shape torch.Size([359, 156, 1])

B 3-36 HEEHEERET

Model(
(GCN1): GraphConvolution(18 -> 18)
(GCN2): GraphConvolution(1® -> 18)
(linearl): Linear(in_features=15608, out_features=1024, bias=True)
(linear2): Linear(in_features=1024, out_features=512, bias=True)

(linear3): Linear(in_features=512, out_features=156, bias=True)

3-37 HEEUFTED
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epoch: @ train Loss 0.007209608884295449 val Loss: 0.8014691189862787724
time for 1@ epoches: 0.69

epoch: 1 train Loss 0.00546141951053869 val Loss: 0.0014812079025432467
Validation loss decreased (inf --> 0.00148121). Saving model ...

epoch: 2 train Loss 0.00521545981689961 val Loss: 0.0015231113648042083
EarlyStopping counter: 1 out of 100 0.0014812079025432467

epoch: 3 train Loss 0.005346695625121356 val Loss: 0.00148610002361238
EarlyStopping counter: 2 out of 100 0.8014812079025432467

epoch: 4 train Loss 0.005317953653502627 val Loss: 0.001451124669983983
Validation loss decreased (0.080148121 --> 0.080145112). Saving model ...
epoch: 5 train Loss 0.0052411240449146135 val Loss: 0.001468982020944357
EarlyStopping counter: 1 out of 100 0.801451124669983983

epoch: 6 train Loss 0.005850947449490195 val Loss: 0.0015315093332981597
EarlyStopping counter: 2 out of 100 0.801451124669983983

epoch: 7 train Loss 0.00502124875310983 val Loss: 0.0015283976681530476
EarlyStopping counter: 3 out of 108 0.801451124669983983

epoch: 8 train Loss 0.0058579675826156745 val Loss: 0.001446476555429399
Validation loss decreased (0.080145112 --> 0.00144648). Saving model ...
epoch: 9 train Loss 0.004993057576939464 val Loss: 0.00152126036118716
EarlyStopping counter: 1 out of 100 0.801446476555429399

epoch: 10 train Loss 0.005252915017990745 val Loss: 0.0014830994186922908
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