1]

=4

o
]
L
o
[

F) [ # %5
TONGII UNIVERSITY

AMAS T3
(A g1t

T
QA0 > \®
= >
) S
@) )
7, 3=
Qs

ETHIREN AL BFLZR S 6E

FETM 5 7%
yic3 4. EoM
¥ = 2130277
¥ . FLAK S EEIE TR ¥I%
FRITE: IF

—REM: EARIE

ZREFR A MR, ANRERITE
BER I B TR

BFH: FEHE

WO R R L

—OJY#E=H



—



F) (4 # 5

TONGIJI UNIVERSITY

A thesis submitted to
Tongji University in partial fulfillment of the requirements for

the degree of Master of Engineering

Data-Driven Method for Predicting
Energy Consumption in Non-Residential
Building Complexes

Candidate: Xia Zhuang

Student Number: 2130277

School/Department:  School of Mechanical
Engineering

Categories: Engineering

First-level Discipline/Degree: Civil Engineering

Second-level Discipline/Degree’s Field: Heat, Gas
Supply, Ventilation and Air-conditioning Engineering

Research Fields: Building Energy Saving
Technology

Supervisor: Prof. Xu Peng

March 2024



—



=4

ogosoz

RPN e S AT S

HE

H AT IEARTE 2030 4 “Biaklg”. 2060 £F “RR AT R BB, misk. #E
(1) REAE TITIN 2 REJE A RN A 0 19 RE A 7 () B U . H IR SR AR AR T 3= 2
FhEG A, 2l 2 V) EEA R A XA A Y . B s SR BN A o T = R TR
BB AR, ARSI T T bR . (H2 H RO IX BN 1 R SR A R TR AR Y
RERT R — e e AR AN, BT L I TS B DI # B Ffh e 3 b, iy
TR A B ) s REFEI AR ST A o FL R SR B AR R A A T K
SRAAE ARIE BRI A BE 7, (EAE SERR B A AR A AR AR A 2 i Il . I HL
A REFE T BTt 9 (AR LA IR A« B AME BEEDIRE R — B, EEXT
GAEMIXRZREEA T AR Z . ik, REFFERE T — M TR I
LR A RRERE TN i . TR A R EAFELL R JLAN T T -

B, ARG USRI T S @ SRR AR S . AR T
A A RGAH G R WIaaA EAE, RAHC R 3% (SRRC. PRCC) H
BEALARAR B AP 5 iR AT BURAE A, $RE T X AR SRR FE AT i3 R M [ DG B AR

=

EHo

LR, ARSCHR T B T8 A% SR AN T 5 G bt 4 1) S B A0 A W SR R i ok
S B FHUIMN I #48 UOC B AR B R A ) 1) o X T D S RERE ISR, FE P2 AE
FEARN OB AR B 2 (W) [ QIR AR S FH 308 A B9 R T e i A2 12 R IR R AR R BRR AL
1B XT30S REAE AR 3T, 3 B B i R 2 P2 90 S B A0 B AV BT A SR BB OR AR
BT P S B RO A HERT SR AR

PR, ASCIRM 73T 25 A A DR 4E (CGAND [ S REFE R 1 9y
%, SIS A T CGAN Ml XGBooste —7J7TH, A T PRUEAE BCAS AR BUSCR,
I JIIT A I REAEERE, NSRRI R — A O DU g AR, X
P A s A B S A REABE S M 2. 53— 51, 07 XGBoost 24 L AEFET
DS, A5 P TN F) 4 4F 5 BEAEXT S 3 A S REFBIEE 35 i R BEAT IR 78, AT IRA
BRI . AW FAIZ I EA R TS 6000 HRE IR R A 4 .

e, AR TR IER S ) IR A REFETIN 57k . HSEHEEAS 21
LN, GRS ISR 2 SR ATl I s
3 96 Bl AN LS, R R R A DR, FOSC RIS Oy H AR, R O
Wt B3 LSTM W SRR, Rz i SR R i 5 1E M 28 Jose e &, A
HSLHR S WORAE Y 24 RSO b 1 IE M AR A AN AR FCSe B AR LRI 2R 5
A, Z5RRoR, N DB R SCEIRRT, BT R o S i L O I A A



905

[ 5F K ﬁjt%uwx S Bl IR 1 A SR SR S R BERE TN TV

IR PRI RIRIERS , FONAR P 2 25 O TR IE RS AR Y, Tl iR 22 MK 17 9.0%,
I b 2ot e 7 W&o BhAh, BHIRZE I BoR, TR A L ARE RS PR
VERE M PRI T 2RI T

ARV H B A I SR B AR BEFE TN 5%, DA e S8R 1 O il 48 o B AR A
HFIEM S SRR AL G T RS T S S HUREAE TN FL S Bt A A2 B, 9R b
T AT SR R SSES T FUREFE TN T 7L R =, FLOT o T HoAth 2 Dh e i R e
FETRI IR A — 2 i 8 X
R 5 EIAEAETI, iﬁ?&%ﬁiﬂff}"i?&, PLERE>], M2, Bt on



24090502

Tongji University degree of master Abstract

Abstract

Currently, we are in a critical phase of achieving the goals of "peak carbon
dioxide emissions by 2030" and "carbon neutrality by 2060." Efficient and accurate
energy consumption prediction is a crucial issue in energy management and building
energy conservation. At present, there are two mainstream methods for building
energy consumption prediction: white-box models and data-driven models. The data-
driven modeling process is more efficient and has become increasingly popular in
recent years. However, current data-driven building energy consumption prediction
models are only applicable to individual buildings, and the prediction models
established are difficult to transfer to other buildings. These methods are not
applicable to new buildings or buildings without historical energy consumption data.
Additionally, data-driven models often require a large amount of training data to
ensure strong generalization ability, but there is often a problem of insufficient data in
practical applications. Furthermore, the current research on energy consumption
prediction primarily focuses on office, commercial, and residential buildings, with a
lack of studies on multifunctional buildings such as complexes. Therefore, this study
proposes a building complex energy consumption prediction method based on transfer
learning. The research mainly includes the following aspects:

Firstly, this paper extracted key variables affecting building energy consumption
through sensitivity analysis. Two types of initial variable sets related to building load
and system were collected. Sensitivity analysis was conducted using two methods:
correlation coefficient-based methods (SRRC, PRCC) and random forest, to extract key
variables significantly affecting building energy consumption.

Secondly, this paper proposes two algorithms, based on genetic algorithm and
autoencoder, respectively, to infer key variables when some of them are missing during
practical prediction. For buildings with historical energy consumption data, the genetic
algorithm is employed to infer the missing variable values that best satisfy the
correlation with energy consumption and key variables. For buildings without historical
energy consumption data, a denoising autoencoder is utilized to uncover the internal
correlations among key variables, and missing values are inferred based on the learned
correlations.

Furthermore, an architecture energy consumption data augmentation method
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based on Conditional Generative Adversarial Networks (CGAN) combined with
XGBoost was proposed. On one hand, to ensure the effectiveness of the generator,
energy consumption data is normalized through clustering, and a dedicated CGAN
model is trained for each cluster to generate the annual energy consumption trend curve
for each category. On the other hand, an XGBoost model is established for predicting
the total annual energy consumption, and the predicted total annual energy consumption
is used to fill in the annual energy consumption trend curve for buildings to obtain the
final annual energy consumption data. Using this method, this study generated an
augmented dataset containing 6000 buildings.

Finally, a method for predicting annual energy consumption in buildings based on
transfer learning was proposed. Traditional models often suffer from issues like poor
accuracy and overfitting when faced with insufficient real data. This study addresses
this challenge by integrating augmented data with real data using transfer learning. The
augmented dataset is utilized as the source domain, while the real dataset serves as the
target domain. We establish an LSTM pre-trained model on the augmented dataset and
transfer its structure to the real dataset, fine-tuning the model parameters using the real
dataset. A comparison between the transfer model and the baseline model trained solely
on real data is conducted. The results demonstrate that when only a limited amount of
real data is available, the prediction model established based on transfer learning
significantly outperforms the non-transfer model, with a 9.0% reduction in prediction
error, while effectively avoiding overfitting. Furthermore, monthly error comparison
indicates that the improvement in performance of the transfer model over the base
model predominantly emanates from the transition season.

The proposed method for predicting energy consumption in public building
complexes addresses the scarcity of real data in cross-building energy consumption
prediction through efficient and accurate data augmentation techniques and a transfer
learning-based data fusion approach. This method fills the gap in current research on
cross-building energy consumption prediction in the field of complex buildings and
holds certain reference value for the study of energy consumption prediction in other
multifunctional buildings.

Key words: cross-building energy prediction, data-driven model, machine

learning, transfer learning, data augmentation
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BRI AR AL SUREFE ML I T 65 2 B AR IR T, (B X SR B i 1
G B EZUEIN H bR R RERE, X FEE5H LR R SIS 4T A O 2 00 I A
b, XU AR AT @R RERE T, B> S AR B CIRIRI . A SRR A BRI
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3.3 ZhEREFREFAKXET ERK(EHER

331 A&

P SEREFEBI IR ING, JCIEARYE P SE REFEHERT tH 775 I 52 e R I O
BEMAE, RAMNKEAEHGA S KHTHER.

H2ifd#s (Auto-Encoder) J& —Moia B 2 I8, 5 5 H Rumelhart 55 A
7E (Nature) 4O, R F B8 A< S VR I B k48 58 B4 W 2% 2 5] —
AN ¢ R R E A H Y. H gL A AR A, R I R AR 2R . Ymid
R E R 2R AN b N B E AR &, RS A8 B VE L f e 2 A 800 R 2] a6 4
FE o e i A N\ 28 SR AR AL 25 (A0 0 HE AR FE A [R] DLOR IS N A . F b2 1
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B3 F BRRSCHEAR S HERT

LIRS
hy = g, (Wix + by)
y = og(Wyhy + by)
Heh NERZERE, y iEmE, WRINEZRE, b ARERY, o
[ H 2w f0 2% (Denoising Auto-Encoder) Hi Vincent 25 A%°1F- 2008 42 1,
S — FhiE a5 N SR I g b B i 1t 1) S A o PN 1 S b A% ) 3 R AT
H b A2 B2 R0 B = S AR 4 NS 5 1 B AR RO, X T — AN &, AR
AN TR BN — 38 LUAG PR 5 45 21— AN IR 1) ) &2, BB 4008 I AR BN E S
fih 2% PR N B0 S R e i 0 G b I g A 25 IR AL HH TG I SR AR N« PR
UntE S AE RIS W B R eTIIZEAG B2 N . Shao SF9NKE [ M B 2
2% H T e L LR i 2 Wy, A B g bd 8 R BRAIR TS M 75 (R 5, 5% ) JLSk
EENEAR ) B
AT B g b 28 424 OB AR A A N IR R R, BRI S .
155 FH (A B ME 5 Gt s P 28 25 M B 3.10 P, a0 N4 B RN B HH 4 5 Dl e i &
SE gL ER IR B WG N E g, S S N A R A PR, BUR R JE AT
LA 3 B 4t SORH 15 R VR o MRS 25 ok 2 2 el /D () e b 2 22 T LU B
T LRI AR

o1 128 128
256 256

Y4 Vo
Encoder Decoder

K 3.10 FEME E g htas O 25 4

332 BT HERER

AT BGAEASTT BT H B 3E T E SniD g 1 Bk e AR B HET vk, N T
Xt 10 MRS 2 30 ) S AR AT HEWT, FFiHERZE A o, HEA N 3.2.2 /8
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3.4 REINE

ARSCAETT— FALH X R FLREFERL M RO A R A &, (HIX LA ) — 5 o0 i
AR, PSR BT A 2 R B AR M 5 D DR AR, X 45 B A I A e ok
PRAESE o O 1 o IR IR, AEATHE I T RIS RN 1@ SRk R oS AL
EAEWT TR o BT XA I S REAR ISR, SR 1 2 T A% Sk I O AR B e U ik
LR IR S B AR B A O iR SR A B, 3 I a8 A RS S PO A DL RE RS 5 S BE A I 22
/MR RS AR B IUE - BEXHBCR DI L REFERE S, St 1 2T B WAL 4R
KU AR5 . I B i S RBEAR B 2 R SRIOR &R, ARPEHL I R
RPEAT ORI B HEIRT . BT IR BHEWTIR ZERT 20%, 5 & S gE-T
PIHEWTIRZEAR T 30%, UEBIAS SO HY 1 SR SR O B AR B HEWT SR IR R Sk
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Wy XS AR R L T2 30 SE PR SRR R AN S i TS B i B L%, B
FERE MU GREEE R PRAE BRI AL RE ST o Bde A2 S SRS R R IR), AR e
S s L P AR ATE AL B AN A R TR, TR 7 R A O S AR R 1 S A FE o
NALES 52 2 BIBREE A 2], B IR R A O P AR vy, U Rae— MR P = B AL
et HORBOR . (HR PR, HEgkica LR LA WS, B, PraeissRaem
BRI AR R DR A], BORAFAEE ™ E I EHE AT R R, T
Pt A7-fifk OB 2 1) 3 B BOE R R AR 2 BRI ZRE A 22 BRI
SRR IR R i 5 ST 22 1), S BCEE IR SR A2 A RE 7158 5 SR TSR
MR R UL, BEFERLAUH 2 Bl 10— JORIE, (EREFERLIUAES #E 77 ELX Il 43
SRR SR e o B B — Pl AR S T A AR P B o e ok S U0 B 1
S (1) H )2 8 AR SAE 55 0 A F SEGERIEINAE A R RAREA &, DUE T B An T
DAL 55 IR

REITHM TR TR ERA TN (CGAN) FEE 3T BEAE RS G 5 7 V2
BORBRE I 4.1 Pron . AETEORB L FEAFEN KA, 705902 4 BT
LT AN AR S REAE TN A R (Y s 57, FL i TS U ke 3 ot 2 (1 A 1l
Ja ¥ TP s A S BEAE, TS S i 2. CGAN R AL T AL Kt 4
AR R, BMPBRIT : Oy 145 2101k 58 58 A H9 A2 BO BT 0 2845 7Y [ i e o 4
AP IR, AT T S A R SR T A ST (018 H RERE A IS i Rt AT R
X, BE NG REIRINNGX M CGAN £2AL, CGAN AL S A @i 5%
AT .
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K 4.1 T CGAN OB 1E o B AR B 28

4.2 FTF S BT 4% B F REFE R ZR S A

421 BIETALIE

Az AT A 2 A5 Y ) I 80 ilid. EnergyPlus ZREXAUREE SR L . T
M2 BB A GEAL B AR R AR B, IR R R GE R AL K RG]
RSB 3 A A 0 2 9 B B Al - O 1 PSSO B BRI geAs e, 4
EEFURFIE S REAE R 3EAT-1 2] 1 15— 4k

422 K EERE

T S E R B 40 ] RASESHAE, @RS ENEBCR,
R AN 75 RS REAE M a3y, T84 (R — 0 X g 3 2 1] 1) 4 4 FH e it 4 A 1R R B AH
UL o ST PRAIE AR BT 70 X 4% A5 TR 1) A 5 DA % i 245 1) F 384 55 0 0 4 1A T i 1k
TATHH— A0 J5 BV A Re FE it 248 FH K-means H5E1T 228 . KMeans A5
b $¢ﬁ?&ﬁﬁﬁ%fiéﬁ’£&?&ﬂ P ITE, B ISR AR IE I B TR KA
% (Cluster) [XI5r 7558, 45 5L F0 BN Ik i/ A3k 4-1 2 K-
means 1145355 BRI AL, ,\EF'X = {X, Xo, o, X JNEHREE, C ={CL,Cy, ..., CINFTS
Hh
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JX,0) = ¥, T, d(C, X)) (4-1)

RRH K AB R B T 5200 AN 22 RS 45 2R o A FT A5 P I 02 0
SERAESRIM, 2T RBEON 1 310, LA 4.2 Fs . AR4E R
BIEEIR, e s RO 3. R MMM BEREh e &l 4.3 Frac. 55—
L B WIS At X g R th 28, 2L ISR M IR AL, AP b
it X 2 2 Y R R TR TR BRI - 5 SR ih 2 FReAt i & =
A7, ARER M SR A IVBOR B B )7 O IR ARG, A2 B i T
o B =R MR AN = T B Z Ve BEAE, X AT REAE W HUAM 3 4544
RimERE 2, ALl m, B AN L O iR AR, E AR R

Bt B2 U i E A £ ROK B
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6 5‘0 1(‘]0 1 FI)O 2(‘]0 2;30 360 Béﬂ
(¢) =3k

K] 4.3 K-means 254k

423 FHERITIMNEZIRE

458 1) A BB T2 A RE D455, T8 R B B D R BEREE, 1X )™ 5
TS PEREFNAE igh B . 2014 4, Goodfellow &5 N H A= sl HT 4% (GAND
T2 265 R ) 25 R0 A A ZE e AE R R B AL P A 8 S U AR L T 2 s DU
FH T 5500 A S SR AL PR 4 HH 2 ELR I 2 AR o AR s AN ) 28 AE I SR R Hh A L
X, RAXBIA-FET . GAN I B bR En A5 4-2 s

mingmaxpLgan(D,G) = Ex~pdata(x) [logD(x)] + E;p,(2) [log(1 — D(G(2)))]
(4-2)

Arf G RAAS, D ZHME, pagra O)FRELEIE 20T, p,(2)FRRARL
e 2B RCBE A o 2 25 SR o3 AR LS HE r AT A B BN, Bl pgaeq (%) =
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0 4 T A O T2 1 B 5

P2 (2), EFIAT T

SR ORI 28 2 S AR 0T Bt o) 28 A TRY f) — R AR 44, | Mlirza %5 A\ P2E
2014 SFHRH o SR AT BN BT 2% 8 1 A8 A RS AN 25 53 2 o 51 NBAT FRRR RS AT
UGk, IX UL A i 1 et AU KIS 70 A R BE N LY, TR e A 2 A F
YU T AR . CGAN I 2R H AR AL G i) GAN AR, #2 1h A i A s i
FUSRHAE A s, R LR 205 4% SN HE R RO B I H g . AR 2 A AE T
CGAN ZEH AR IMIVLEC L, A e B AMUEERT & S o A, 30250 2 45
SE MBI A o ST A RS BUI 2% (K A AR s i 3K 4-3 s Hed y JEiah g n
RIPRZE

mingmaxpLean(D, G) = Exp g0 [10gD(X|Y)] + E;op, (1) [log (1 —

D(G(z]y)))] (4-3)

K 4.4 YA SCRT ISR AT AL B TU R 8 R SR B IR . NIRRT AR HY, SRS
SR RASHON RS A EBUANMA SR R A B R g T, 18 AR A 1
A FX LS HARAT SRR 2. kR U, AR GES I N AR BE L S
BEREFESH. RS WL, ROy @EReERiedds; SalanimA
NS REAEEARE, H Oz B T RS I, 1 O3 0 ARG TEE,
X IR B R A R R AR VT B 1 A A e s, RS RE
A

real

= fake real or fake
] . ﬂ
[ wssn |+ mams |{ X588 |

4.4 FATAE BN BT 2% SR B

T 3.2.1 REBRNM =R M 2 0B, iR ZR— A ot bt
PERARTY , o P ROZAR Y Pk BF) B SRt 70 A YO B BOREL 3 B AR AR
#o N T RATREIRIEAE AR IR RE, AR — SR REFE RN B ST 1 — AN O Bt
ZERAY . TR LSS — SRR N e 1 AR O BT I 28 AR 9 5], VRS 2R A ) A ST
A 2RI R

BRI A s B 7 AN IEE B AN E AR, O TRk SR, e
—JZEIE KA Tanh, HARZETERECN ReLU R, %503 H SR =W
s H5 a2 HE RO Sigmoid REL, HAR ZHEUE RECN LeakyReLU BR%L
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BRI AL 234 ) Adam, Adam 7EIREGBR FETH 2 LK B IE B 2 2] % B 33
i&%éﬂﬁ%omm SRR F 21208 0.00005, A &S] R, B 50

5 ) B IEROR TR Moy 2 — o BERLR R R B B e A8 U R . BRI 2R
%ﬁmm5%$¢ﬂ%ﬁﬁﬁ%%ﬂﬁ%%ﬁ%%@@4ﬂ%mfﬂmyw,
A AR S A )R 22 AR AR e, IS 28t o] LA HH VI o 72 0 2 A Rl
SRR S B R . S AR e R 0.5, X B AR A AR )
N LA Ge 8 O S 2%, A2 B e 5 R AR 500 1 23 A J LT A8 [

0.8 A

0.6 -

loss

0.2

0.0

T T T

25 50 75 100 125 150 175 200
epoch

[

K 4.5 IR RIS 4 (ZLEON A Ik, A 45 )

BRYIZR I B2 bR 2L A A OO R 0 S T AR AL, BRI
it F 25307 AR 22 PPA AR L A Bt AR OECR - 2K 4-4 o, y ARG 5 T BEAEEUE
FIRF ISR IT RERERE . Z00H 5, IR A 0.0133, MRAEAH) 77
HRAZ 20 0.0162, 3% e H1 /R B 2SI HHE & W S BLAF, T LR T 5 8.

MSE = 37, (yi = 51)? (4-4)

5 RBREREEIR A R W B 4.6 FTos . WEIFRRT DR Y, B 1 5 e vt
RS E A o SR A B AU A, ] DA— e Rl R B 2 ST P2 4 e FE i 2R 1)
PR SRR I T i P 00 BT AR

36



403930502

54 TR OO IR 2% I R

BT A EFEKWh/m?
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4.3 EF D REFETUNAEEY

A8 FH 2R A2 B0 X 28 HEAT S 0 A 4 Re R B Sl AR i S RATTAT DAAR
PR AF R HEES, HesBH B R, FEA e I g 51 1) F e
No AT AR NS EII R K4 E S REHE, IRJE XS ReFEE S it 2k g7 I 7
(S Ee 2 S e SitRe e SN ey 2 1 ES

IRFE—NA I SRR P A i P e R e B L, N T RS I RV Y,
ARBEWHAT 7L HEE TAE. FIiEHE SR TR AR BN R A S ik —Bl
A RIE R IMEHI WA EE SRR A R RS AR i B2

A I REAB TN 2 — > SR ) [ 0 i) R, AR P A N\ R S — 2R TR B P
BB, i ORI E L RERE . s S0 3000 4H, 4 AR,
RN AR 8. 2 BBk Azl &l 4

1. BikH A

REEFTRFELANEE A (LR). KR ENL (SVR). KT (KNND, 73K E
B UM (Cart). FEHLARAR (Random Forest) FIMKEESEZHETH (XGBoost) X JLA
SRR R AT B A B AU SR B AT 5 4 a8 SRR IE, B R bR i
WHRRZE . A EdEHAT 0-1 H—fb., AL RME 4.9 s, MEHRLUE
HAERMAEA (Ramdom Forets 1 XGBoost P£REZE L T8 [FIHF ), fHr&ik$F
XGBoost FLyEK A S BEFE TN AR A,

Algorithm Comparison

—

-0.002 o

~0.003 -

e ——
~0.004 1
o
-0.006{ © —Lr_]
=
LR SVM KNN CART RE XGBoost

Kl 4.9 FEw AR

XGBoost H £ H PR KA (Tiangi Chen) F1-R & -4 W45 Ak (Carlos Guestrin)
1E 2016 FE R F WL (XGBoost: A Scalable Tree Boosting System) A1 1E 0 H
(74, XGBoost & —FhHE s SISk, 7RGS0 REFE T U7™) K i 5 12 W 70156 22 AN 40
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RPN AR Ve e, ERATHLES ) SEFE T Sl AL,

2. Wzt

ATCAS DU B = F9EN XGBoost B S Hult AT 4k, ik4E ok
FH BT I UE SR RG o DU 38 2 By — M T DLt B o S 3 R AR A ARV
B R E T A E 18 2 7 (R R B g, G E T IR L P il AR B v
BRI AR S B HE S 2] % learning_rates M4 IER KIRE max_depth. 5t
AN AT S ORE A AL #E R min child weight < gamma AR 4E K BE BG4
colsample_bytree. FH T PR FEHHE R AEREAT 15 2 0 FII 2 TRRAE B, SHeE R4k
KANTER, FHATFENEIHTIH . SEIMEGRWE 4.1 Fix.

% 4.1 xgboost MY D1t 2 R 45

min_child we colsamle bytr
S learning_rate max_depth gamma
ight ee
[0.05,0.10,0.15, [3,4,5,6,8,10,1 [0.1,0.1,0.2,0. [0.3,0.4,0.5,0.
FrnEe| [1,3,5,7]
0.20,0.25, 0.30] 2,15] 3,0.4] 7,0.8,0.9]
gE g 0.15 6 3 0.1 0.8

3. 453

ERLEN FE bR IR BRI TR Z M R2, MSE it E ARA 4-4, RETFEA
RN, HASSE, ek 7T 07 A, BISZ bR e 5 4 8 S 2 2 17 J5 F1,
SSeor eI A, BISEBRINME 5 H P IME 2 Z /7 A,

SSEres
SStot

e 445 3 A AE L BEFER TN ) 5 R R 25 4 2164.06, R?24 0.9308.

R*=1-

4.4 HiEIEE

A RO T I 258 R T e e BE AR TS 2R P 11 2 e 1l i {8 P EAT Hcdim 184 o
HARG 5P IR 4.10 PR BIHEAY A Jy 3.2.1 925 TR B 4R Il 2R 21 4
FREAETAAL, A B O 4.3 WA EF SRR R . BARD IR TS
56 MRS 0 SUUF AR REIX 8], X i SR G B AR SR EAT 1oL T B L 5 R s 45
W Sr AR BN 3.2.1 BTS2 1) XGBoost B TN i S I AR REFER 26 . THE
AR [F) 2% JEIE 0 R Y, R 3 Bl JRn) e VI 255 2 0 A pleds F
ARrerEES L, e, BRI CGAN FAYM 44 5 REFE T A5 7Y
AN, SERZERN EF RS M S 0t S, EHEF LSRR
MHZIEF I e i 2T e 5 Bz A 18 H BRI
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K 4.10 s o im AR

45 REING,

e R s AN R R . S FUREAE TN e Ji 5545, e 2% B L T
P BE AR AT S B il L X o i i LA e M AR R ) B0 ) R — S s A
Ao 15 SR SFUREAE TN Bt f (R BOR T e, e AR MR UK 177 52 REAEEK
fETEAL, TR ESRA LW 2 WM D LR . v, AR 7T % AF
A BT 28 A B I 9 5 9 o TR T R Oy o B BB O Al 2 A A Rt
UM B BEAT REFGEE S i 2028 . B 560 1 ORIERE 28 RO, Il REAEAIE 238,
N = SRRERBHE T 26 7 AU ZRAE BN DU AR A . iR TR i SR S S 4
I TR B 28 AR R AURF IR A Jl et L PR RERE S 35 il 2k o 35 il 209 JF— b A A 2 g
FEMIZR . 25 2 @A XGBoost 44 S REAETIINARAY, A FiZ A R F00 14 4
TR REAERE S BT IR, BRI EEZE HREMML . ARE PR
D3R L ARSI, T LASE IR e R O B i A o AT R
Jii, JyEERBEREII 2 AL B 2000 MRS A SR B, HE 6000 R T s SEHII A
RRITF R o
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95 B B IER A ] M REAE TN AR Y

FLE ETIBFINERTNRENEY

5.1 #HiR

TR A SRR AT B G AT B — o B2 %02, SRBHHR
A AR 18] AR I I L& BRI, SR8 2 SRS R Al 1 K Es 5
ARERKE S 5 99T R B 7P & . B AR 2> 22 Z M T iR
[7OLI8ON | A 4 RIS 7 fit e 58 AUeek . — s FAT A2 0% 5030 1y d8e SRR IEDs
R ALV AT IS5 5 SONPEIEAT S5 Dy o BATTAEZE AL AR Hiedfa A A2 i) SR
5544 7€ SN HARIRT A HARTE ST X TABT TR, H 28T 7 S il s
RSB EE AN R B AR, A PRIRDs 5 25 VY & AR i MY s Bt 5, H AT
AR SEESREMEREE, KA LRI &, WSS AN HAREUE S AR IE,
PN SR HU A REAE TN . A I&] 5.1 AT (T FU 2k, 1 S (6 A o
PRI T — D RERICIZM SR, BB R 2 I R R A2 2 H A, A
FSEHHR R AT 1 2 B AT O

T ZrAsi g > EREA

K 5.1 AFERFITEE 2R

5.2 BT iEmEiEE TR EET

5.2.1 BIENAR

— RS, , A28 I 28 AR 3 SR T U R 222 DX 26 CEININD RT3 D 4 222 RY 28 (RNIND 6
HIR X 2% M N2 a4 2 e AB 3%, Toic Az vE . TP f 4 I 28 A F B I o
IR IG, HA WERICIZFAIEIR, o7 LB ET— AN DK S SR 0] P 2%, Bl
I 18] 25 2 [ A5 B 3L 52821, SR RNN 78 Ab R K 8] 5% F7 21 i) T = 350 1 22 AL 1
SR “RRREEH O B “RREERRYE” /. N T AR RNN B _FIAR S, Hochreiter
A1 Schmidhuber 2T “IC1ZH (T I0)” FIMEE A RNN %1t 1 —FOsr 288y, #K

FEAHEZ (LSTM) B3], LSTM 7E RNN f5Eal |, 51 A a2 3 EB 112
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FRTTANT T ML AR TR R RETE 287 B “RREERRIE” i@y, | R MIdIZ s
SRR ] DU RIS 8] 21 K AR G & o =AM T, BRI, B
TR T, (AR e o B AAF R e BN B8, IR RIS B .

LSTM MR gs - 5.3 Fion. TERTERSK t, B 1A a—
IS 1] 5 K [R]— A B TR NME B H oy 75 ORI B, sl 5-1; FA T TR 4
ATHHE X h BB S — A RS KA H &I, st 5-2, &9 E1ME
B SCARHRRE K t BeZ B etRAS, sl 5-3; H TR SR S0 s ok )
g e, sk 54 foR. RATENTEDK ¢, 2487 LSTM ST BRGEIR
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()EEF e
[ 6.7 AL R AR 5 HRaHT b TS S Ew

K 6.6 I RURIFEAHARLAE 5 AR A 3R L A T 1% 22 % bE

TR FE At AR Y
B T

MAE RMSE MAE RMSE
i a 0.02687 0.03416 0.03400 0.04172
HH b 0.07812 0.09638 0.1190 0.1408
HH c 0.03376 0.04247 0.05107 0.06213
I d 0.03041 0.03933 0.05078 0.06326
e 0.04277 0.05305 0.06526 0.07512

Ak, gL 6.7 H SR FETEHEGE /0 A, AH LIRS AL, TR AL
o Y 2 ) TN oty 2 ) 2 ) i ot 2 BE NG, X SR AT A A AL A L AR Y £
HEERIEM. N7 EEIEHIX—4510, i% 6.7~% 6.11 Suit | 25 a~ 3 e
ZEHHK MAE 1 RMSE. MWERHATLUE 1, BB AUA E Bl A AL 1 RE IR FR T
FEORIE T BfAkYL, X TE5 a, TBEAAE 3 25 AN 10 A
H PN R ZAC T B, 4 A it BB A i) MAE £ 2 LRI TUAIS T 60.7%:
BT ¢, ERAEATE 3 £ 5 AR 10 A, 11 H# MAE fl RMSE Hb At Y
KT 30%/A 40 XFTFES d, IEBAETLE 3 & 5 A LR Z /DT EaEA, BT
HAE 10 AL 11 ATNRZE T /53, {H MAE il RMSE ZFE7E 0.001 A4
ST EMN e, IEBBRAE3 25 A 10 A, 11 A MAE fil RMSE # Lt 3 Al 5
BUICT 30%LA Fo XTTEH b, TRBAAE 4. 5 H0A 10, 11 H 4 1 F R 2=
ST B EEAAR R K, ELE FLA T 4 (R TN 58 22 /N T AR Y, X AR AT et 2 e
TEI b HFAEAR, NEHRREINE R FEN.

6.7 HI a B H R ZE
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MAE RMSE MAE RMSE MAE RMSE
1 H 0.03320 0.04916 0.04784 0.06365 0.01464 0.01449
2 H 0.02121 0.02869 0.01513 0.01833 -0.00608 -0.01036
3H 0.02244 0.02764 0.04152 0.04824 0.01908 0.0206
4 H 0.02794 0.03689 0.07108 0.07636 0.04314 0.03947
5H 0.03226 0.03542 0.05038 0.05167 0.01812 0.01625
6 H 0.03274 0.03469 0.03230 0.03519 -0.00044 0.0005
7H 0.02600 0.03011 0.02133 0.02616 -0.00467 -0.00395
8 H 0.04377 0.05100 0.03056 0.03586 -0.01321 -0.01514
9H 0.03198 0.03679 0.01825 0.02137 -0.01373 -0.01542
10 H 0.01916 0.02259 0.03722 0.04016 0.01806 0.01757
11 A 0.01572 0.01887 0.02236 0.02560 0.00664 0.00673
12 F 0.01545 0.02006 0.02304 0.02731 0.00759 0.00725

#* 6.8 HIH b B F TR ZE
IR BRI ZE{H

Ay

MAE RMSE MAE RMSE MAE RMSE
1 H 0.10750 0.11270 0.19471 0.22243 0.08721 0.10973
2 H 0.08265 0.09147 0.21566 0.22078 0.13301 0.12931
3H 0.08807 0.09448 0.15196 0.15637 0.06389 0.06189
4 H 0.09192 0.10475 0.05145 0.05938 -0.04047 -0.04537
5H 0.1756 0.18634 0.13271 0.14326 -0.04289 -0.04308
6 0.08799 0.10516 0.10319 0.12456 0.0152 0.0194
7 H 0.03583 0.04321 0.15625 0.16096 0.12042 0.11775
8 H 0.04514 0.05768 0.13790 0.14517 0.09276 0.08749
9 H 0.06045 0.07996 0.05647 0.07411 -0.00398 -0.00585
10 H 0.08409 0.09367 0.03429 0.04994 -0.0498 -0.04373
11 A 0.06232 0.06587 0.04212 0.05980 -0.0202 -0.00607
12 A 0.02371 0.02947 0.16547 0.16758 0.14176 0.13811

6.9 {IH ¢ B H FliRZE
ERRR SRR Z{H

Aty

MAE RMSE MAE RMSE MAE RMSE
1 H 0.04780 0.06757 0.06395 0.09118 0.01615 0.02361
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20 0.05441 0.06296 0.06125 0.07132 0.00684 0.00836
30 002272 0.02491 0.03421 0.03911 0.01149 0.0142

4H 002418 0.02881 0.04011 0.04470 0.01593 0.01589
5H 003211 0.04461 0.03465 0.04702 0.00254 0.00241
67  0.03980 0.05031 0.03918 0.05746 -0.00062 0.00715
7H  0.04009 0.04737 0.07519 0.08611 0.0351 0.03874
81 0.04326 0.05052 0.06980 0.07941 0.02654 0.02889
9H  0.03581 0.04311 0.03564 0.04492 -0.00017 0.00181
10 0.03345 0.03865 0.05774 0.06091 0.02429 0.02226
11 A 0.01355 0.01554 0.04691 0.04887 0.03336 0.03333
12 0.02823 0.03509 0.06062 0.07169 0.03239 0.0366

* 6.10 23 d 1B H TR ZE
TR A FEAit R A 218
A
MAE RMSE MAE RMSE MAE RMSE
1A 0.03427 0.07138 0.05654 0.06767 0.02227 -0.00371
2H  0.03820 0.05136 0.04618 0.06384 0.00798 0.01248
3H  0.01497 0.01840 0.02726 0.03118 0.01229 0.01278
4H  0.02144 0.02572 0.04796 0.05086 0.02652 0.02514
5H 001947 0.02571 0.04764 0.05372 0.02817 0.02801
6H  0.0391 0.04485 0.07764 0.08073 0.03803 0.03588
7H  0.03628 0.04227 0.08873 0.09163 0.05245 0.04936
87 0.06363 0.06937 0.1145 0.1178 0.05087 0.04843
9H  0.04330 0.05041 0.05400 0.05904 0.0107 0.00863
104 0.01649 0.02452 0.01614 0.02370 -0.00035 -0.00082
11H  0.02364 0.02661 0.01429 0.01573 -0.00935 -0.01088
125 0.02789 0.03503 0.02578 0.03437 -0.00211 -0.00066
K 6.11 =B e X H TR ZE
bu 2Rt FEAitR A Z1H
A4
MAE RMSE MAE RMSE MAE RMSE

1A 0.06449 0.09378 0.06327 0.07932 -0.00122 -0.01446
2H  0.05927 0.06619 0.06476 0.08374 0.00549 0.01755
3H  0.03176 0.03921 0.05608 0.06173 0.02432 0.02252
4H  0.02873 0.03357 0.07475 0.07620 0.04602 0.04263
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6 H
7H
8
9OH
10 H
11 H
12 7

0.04548
0.05230
0.04386
0.04997
0.05117
0.04514
0.02421
0.02451

0.05021
0.06204
0.05423
0.06563
0.06397
0.05107
0.02939
0.03393

0.06730
0.05777
0.06100
0.09513
0.06754
0.06784
0.05741
0.04959

0.07167
0.06487
0.07215
0.10976
0.07630
0.07091
0.06001
0.05694

0.02182
0.00547
0.01714
0.04516
0.01637
0.0227
0.0332

0.02508

0.02146
0.00283
0.01792
0.04413
0.01233
0.01984
0.03062

0.02301

6.4 ANE /L

N T BRAE AR SC T AL R T RS 2 S B TR B A R, AR RGN T
TR A AE FLSE AR 4R BTN R I, JIF 5 B AR FOSC R 4R B IR it
LSTM HERUFHAT XS b o BRUESE SR R, AR SO H I 5E T-IT 7% 2% 2] (1Y) REFE Tl A5
RAEMRREE BT MAE 1A 0.05077, HEIERIBAUR T 9.0%. F HiT s
FEMAREE LR ZE 040 7R, MAE $97E 0.1 DL, A5 T i o o T S At st
A, Ak, IR AR ZE LR, IR RAR LL IR, PERETR A 2 BRIR Tt
WZE. g5 b, ARSI T 88 2% ST I A SL R SR LR G AR REFE L 7 V258 ik
(CEILSAT
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7.1 FEZ

ASCHR N T T IERS S S SRR G R RERE TN 7 7%, MR 2 SR 3R AE
RIDR 2R TP R T SGBRE IR SR, JF3R M 1 B T80 A% B0 B 20 2 R SRR S B A 41
W 5% A e e am BORTRIBO s Kt 48, B IEAS 5 ST il 5 4 5 Bt SR A
SRS, AL T IR R R SR B R R REAE TN . T OO IZ — A A

WHFC A 18 5 R -
1) ARSCH BRI T RIS SR REAE I AL . IR B R

2)

3

4)

i), A SCKE FLRI 43 R @4 5 T A S AN 25 1 R GoA e K2R, 183 SRRC.
PRCC PAKBEMLARMR B 5 AT US4, SR UM SR 5 AR REFE X O
AR AR NPT ST IR R AN o BRI AT, B Rk B ) B A
R ARG EIRE . fIA e, NR%E. B
EE. BRBIER, WIERE KSR RE w5 LA P I8 BT 5 2
[E; BAEENRGAH T RAFTERRGRA., KRFHRM, FH
COP. AU/AKMEEIKIRZE . HOKEFEIKIRZE . AR E . #UKIRE. K
HUSCRRK R

ARSCEE =BT I TR S VR RN T PR g A 2E 1) B
Wiydi. 0F T P s REFEMAR SN, T D0 SRR AR S OCE AR 2 A DRk
KFR, B AL FIEHE R B 77 & T LR A R R OCR E . X T
BB T SRR ISR, A PR B Gt 2842900 55 S0k AR B 2 (A (1 0 R dk
ATHRRAEHERT . B UESs R RIR, T R Y OB B HE T VA AE
A B R HE T AR ZE TR 15% AN, 2R BEHEWR ZIETE 20% LA
P, BAFTE R BEE; BT Ynhlas i) DG A i 4 Iy SV 70 AR i R
W7 A1 22 A7 B R S HE T TR A ME R ZE 3 4E 20% AN .

AR VYFEHR T 5L T 25 A 2R BRt P X 48 R B a3 5 g v . 8 H—M)S
PR IEE SR 3 28, T — SO 8 3 AN [ [ 2R R 470 i 8 A Y

RGOS BAF AR AR B A A o A8 IR 58 ) A B 1R AT S S R

AR AR R, JERIFH XGBoost 158 T 1) 2 57 4 4F ML RE AR IE T REFE
Rk, SEREARIE TR . TR AR AR AR ORI 5 AR AU, B RE X
PLiow, A pEs A USRI S

AR MFENL TR TR IR SRR TR, BhG T B smEo
SERELSLER AR . o ok Tl B AR VI 2R LSTM I ZRme Y, a4
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