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LSTM
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E%EHH 08 (LSTM )
PR EIR AR A4 x”ﬂ
( RNN ) - R 15 EE K
% o
BB s| APFIEHEH - HieA
FREFRIITHRIAIERE M -

£ 4}

TIERE

==

ZH}H@#U( (CeIIState) ;
nE',TI§EH1 , REREN
sClEEE

SR EKAR RE (Hidden State)
R = Br i A\ F 57— BERUA
REETETRERER,
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©  RIBERIEAN 1R 5
HiAlE.
LEEFERMEF R B {ENRRE
REFIEEEE.

e

73

i

(=2 i
BRI -
=g

e esEn - I

FIFZERE L -

)
4
0

72 IRRNNRY1E &
REBRIBKEE

RS B A B AT
IR -




BILSTM
A
IR AT T

TERIE

BI[EILSTM/Z (Forward LSTM)
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212) RmIE,

SERE D E L —EREURRE.

%[ LSTME (Backward LSTM)
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TSD-GRU

T 3230

TERTE B3 &5 5 51 43 % (TSD)
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=E Pg {238 B 28 7T (GRU)
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)
4
0

TIME @ PR -

OCCUPANCY: i # 3-emii & g o
RATE: i2# i=ib* & o
INDICATOR: 945 p P ~ % F A~ i@ in &

—_—

TIME OCCUPANCY INDICATOR FS
2018/6/1 0:00 200 0.279856 0.255971
2018/6/1 0:05 200 0.277484 0.255497

2018/6/1 0:10 200 0.276493 0.255299
2018/6/1 0:15 202 0.264126 0.255354
2018/6/1 0:20 203 0.259295 0.255637

> DO DN —

ERFHGEE I o
5. FS: 1 * Fourier Transform:#-pF fF 32 ¥ cidicdy #&

IR P o
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Indicator by Hour and Day of the Week
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# Define
LoOOKE _BACE

INFUT_FEATURES_NOM = LOOE _BACE

HIDDEN_5TZE

LSTM

hyperparameters

= 3

= o

QUTPUT_FEATURES_NUM = 1

NUM_LAYEES

max_ epochs

= 1
= 4000

LEARNING RATE = 0,02

circle =

10

for

the L53TM model

LSTMEZR S

.)))
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(R EEII-LSTV

# Define the LS5TM Neural Network
clags L5TMModel (nn. Module)

def

_init_ fgelf, input_size, hidden size,

output_=ize, num layers):
super (). dinit [}

gelf.lstm = mn LSTM(input =ize, hidden size,

num_layers) # utilize the GET model
zelf. forwardCalculation =

in torch.nn
mn. Linear (hidden_size, output_size)

def forward(self, _x):

# Initialize
gri_model =
lozz function

optimizer =

L3TMModel (input_size=INFUT_FEATURES_NTN,

¥, _ = zelf.lzstm( x) # _x i1z dinput, size (zeq len, batch, input_size)

g, b, h = =z shape # =z iz output, =ize flzeq len, batch, hidden_size)

¥ = xviewlz * b, h)

x = zelf forwardCalculation(x) , N NP

;= mwiorle, b, D B LSTM ki fr 24 - LSTM & % 5 » #

ot x ol TRRE B o) 4o LSTM A g -
the L3TM model

hiddern =i1ze=HIDDEN S5IZE, output_size=0UTPUT FELTURES MUM,

mum_1aver ==NUM_LAYERS)
= nn. MSELozsl)

torch. optim. Adam (gru_model. parameters(), 1r=LEARNING FRATE)

Q»
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fE B E T7-BiLSTM

# Define
LOOE _BACE

hyvperparameterz for the model
= 5

INPUT_FEATUEES_NOM = LOOE_BACE

HIDDEN_ S5IZE

= g

QUTPUT_FEATURES NUM = 1

NUM_LAYEERS

max_ epochs

= 1
= 300

LEARNING EATE = 0,02

circle =

A
BILSTME =S

.)))
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{5 BYZE 1T-BiLSTM

# Define =a BPBidirectional LSTM (BiLSTM) model
clazz BilS5TMMadel (nn. Module)

def _ init_ f(gelf, input_size, hidden size, output_size, num_layers):

.)))

super ().  init ()

zelf.lstm = mn LSTM(input_size, hidden_size, laj,rers, bidirectional=True) # utilize the GEU model 1in torch.mn

zelf. forwardCaleulation = nn.Linear(hidden_sizd*2, | output_size)

def forwardiself, _x):

x, _ = zelf.lstmi_x) # = iz input, =ize I(=zeq len, batch, input size)
g2, b, h = . szhape # x 41z output, size (zeq len, batch, hidden_size)
x = x.viewlz * b, h)

"

r = zelf.forwardCaleulation(x) "K .%_ 7 %ﬁé, LSTM }é_l «friﬁ;}»%_% o %é, LSTM }é_' ;}»%_
= view(s, b, -1] < ” ) & — )
* *e VIEWLE iﬁ)\}}'}é{,{’{ /J\ ~ K%ﬁqﬁ %ﬁi—_@: ‘%Tt”"’]‘?f’
LSTM & i -
# Inmitialize the BiL5TM model

gru_model = BilLS5TMModel (input size=INFUT FEATURES NUM, hidden size=HIDDEN SIFE, output size=OUTPUT FEATURES NUM, mum layvers=HUM_LAYERS)
for name, param in gru model.named parameter=z () :

return x

if param.requires_grad:
print (param. shape)
lozz function = nn. MSELoz=()

optimizer = torch.optim. ddamigru_model.parameters(), 1r=LEARNING RATE)
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fE Y7 17 -TSD-GRU(TSD-preparation )

# trend feature

def create_interwval data=zet(datas=zet,

dataii,
for i

retuarn

data¥™ = [1, []

in zrangellenidataset]

loolk_back) :

— look_back) :

data¥. append (dataset[i]]
data¥. append({dataszet[i+1lool bacl]]

np. asarray Ldatail, np.

# cycle feature

def create _cycle _data=zet (datas=zet,

datai,
for i

return

data¥ = [1, [1

in rangellenl(dataszet)
data¥. append (dataset[i
data¥. append (data=szet[i

np. asarray Ldatai), np.

# ENM parameters

def create EMN= dataset(dataset,

datai,
tor i

returmn

data¥ = [1, [1

in zrTansel(len(dataset)
data¥. append({data=et[i
data¥. append (dataset[4i

np. asarray ldatai), np.

def Hdimport _TSD_datal):

asarrayv ldata¥)

loolk_back) :

— look back

+ look_back:i
azarrayvldata¥)

look back) :

— look_back

+ look_ _back
asarray(data?ﬂ

# 1mport time—series—decompo=sition data=set
file names = [
'Commerciall. cev, 'CommercialZ. cev,
'Commercialf. cav, 'Commercial T. casv,

*

i + look _baclk])

*

i + loolk baclk]l

-+

-

¥_%& 7 import_data - 2 * training sets frtest sets
ﬁ%%%ﬁ‘/?ﬁl N ?ﬁ%#«*‘k{.“l 3R R 7] mﬁ{«*ﬂ%\% ’
fER-n SRS =L L

2 :

+ look_back + look_baclk])

27

look_bacl]]

'Commerciald. cev, 'Commerciald. cev, 'CommercialS. cev,
'CommerciallB. cev, 'Commercial9. c=v, Commerciallld. o=,
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H#U32 17-TSD-GRU(Customize GRU )

L \uw

.)))

# input dat=a
Trend, Crocle, Effect, train_=ize, te=t_=ize = impoxrt_TSD_datal)

+ 32 ] 93
# Hyvperparameter= L - f‘—:’ ! lﬁGRU%‘E‘ é j‘ *E‘: ‘/‘h f %/Q
LK BACE = L& — P 47
IMPITT_FEATURES TTTM = 200K BACHE =+ 1 EE& F’B Ej ]I ﬁi% J qu_ l} e 7 FK ¢
HIDDEMN SI-E = = :rﬂ"l = 7|
OUTEFUT_FEATURES_NUM = 1 '{EV{ ’ E_’t”é’ ‘@GRU}% /f’l’ E ]JA
HNUM_LAYERS = 1 (2 E oo ZRZE 5 5B P2 mx 3k A
max_epochs = 4000 AN © e 0 'U%}L &3
LEARNING _RATE = .02 B f,} ;}_q a} y :]5 = 7 /ﬁ- 3;‘3‘?,{*“'{-11:' , I 3@ @4‘51\,&% 3E‘
circle = o

f’@ ; ﬁ,\y@ 4 RIEREE o
i SEIT Meural HNetworks=

cla==s CEIT_model (. Module) =

deft _ dmit_ (=elf, input =ize, hidden =i=ze,. output_=ize, nam_lazexr=) :
supexr (). _ dmit (]
szelf. gxru = nn. GETL (input_=ize = 171, hidden =i=ze, num__laver=)
zelf. forwardProces=ing = mm.Linear ! Thidden_ =size -+ 171, outpat _=i=zel
w ovwerride imitial foxrward
def forwardi=elf, x_dmpuatl :
= x_dmpuat i= the irnpuat matrix
= Zize (==q lenzth, batch, input_=izel
x = x_dmputl:, S O (IMNPUTT _FEATUURES__MITM—1 ) ]
= = x_dnputl:, . (INPITT_FEATITRES_MIM—11 1. re=shape= (1, x_dnput. shap=[11, 12
M. I — =elf. zxrualx]
x = torch. cat( [x, =1, dim=2=1
=, b, h = x. shape
= = x.wiewl= * b, ha
= = =zelf. forwardProces=sings [x)
= = x. wiewl=, b. —112

Tr=turmn =



08:00

.)))
2
i

HRUIE 17-TSD-GRU(TSD-GRU model creation)

from tgdm impoxt tgdm
H TSD—SREIT formalation
det TSD_GEU(zru model, trend, cyvcle, effectl :
H define training ard te=ztins =zet= af tex appling Time—Seriesz—Decomposition
train_ trend = trend[train =izel
te=zt_trend = trend[train_=ize:] v 7
- - - ';];;, ?{ IJ N\ = 25l &ﬁ f‘ va—"%:l—{:J.f‘ll iﬁ
train cvcle = cvclel ttrain =izel v % e 5’\ < % /o = } f’/? \'z ’ 1o f@ F f,'} w .
te=st_cwvocle = cyvcleltrain size:] oy s— f£ J 2
, B 1 A #1 H* e AF W
effect = effect. reshape=1(—1, 12 :}7%’\3@ f’l’ TSD %@I-H:"- ’ &Pi "li\% ® HF 1:‘? ’fi;: )
train effect = effect [LOOK _BACEHLOOK BACK:(train_ = 4 A V2 s . S .
— — — o A ::l<ﬁo#+ J ="“ﬁﬁ Py, ﬁ
test_effect = effect[LOOK_BACK+LOOK _BACK+train_si: GRU*'B—.:&] EREUN + 372" SR AR v -‘i‘
/), 4
7 SUK: ﬁ FRE, - L 1{ =1
'I?Viﬁ‘“if’f’ "*'I?Viii‘“‘ sz’, s S W
#H create training ==t &f’ <ﬁi
train trend, train v = cxreate EMNMN=_dataset({train treﬁﬁ look baclkk=LO0OE_ BACK)
. train_ _cycle = create cyvele dataset(train cyvcle, loolk back=L0O0OKE EBACE])
trairn_ x = np. concatenate [ (train trend, train_ _cyvcle, train cyclel, axis = 17
trairn_ x = torch. ten=sor (train_ x, dtvpe=torch. Tloat3IZ]
train = torch. ten=soxr (train -, dtvpe=torch. float3Z)
batch_=si=ze = train_ x. shape [(0]
input _feature = train_x. shape [1]
train_ x_ tensor = train x.reshape (1, batch_ =si=ze, input featurel
train x_ tensoxr = torch. tensoxr (train_x_ tensoxr, dtvpe=torch. £loat3IZ2]
train_ . tensor = train v.reshape (1, batch_ s=si=ze, QOITTFITT _FEATITREES HITH)
train v tensoxr = torch. ten=zoxr (train_+ tenszoxr, dtype=tarch.flaat32“
#H create te=s=ting sets

te=t__trend, te=t_ - = create ENMN=_dataseti{te=st_trend, loolk back=L0O0E_ BACK]
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N

LSTM

BiLSTM

TSD-GRU

3.54

5.00

2.33

1.69

3.74

1.66

15.6

21.4

12.35

93.3

94.1

96.4
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PARKING LOT

Order_no Num
Time date Booked quantity
Time Forecasted bookings
Select _park Account
Total Password
Hour Email ArcHunE
D D Password
License Telephone R
Name L
Membership category Telephone
Catigairy Name
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tables4.html
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TidyCal >< . . .
FEGR FAAY: Booking Confirmation
BERGHL 5 Lab724
B 2Miss, 7 H 220, % 945 b5
& Asia/Taipei Hellor qwe!

[CRW:=
Your booking has been confirmed!
BRE ER9Email:
BERARNG
&
With:
S
Park1 : {TEA R Date:
Park2 : AHEN June 13, 2024
Park3 : BIEHEER .
Parkt : TE—EHH Time:
9:00 AM
| HRiH | Timezone:
AsiafTaipei

EEFRNERBER TRAI K I HE R
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