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ABSTRACT

Building energy consumption prediction plays an import role for improving
building energy efficiency and slowing down the global warming trend. Precise
energy forecasting helps to achieve rational sizing of energy equipment during the
architectural planning and design stage. While in the operation and reconstruction
phase, energy consumption prediction can be used as a tool to achieve better energy
conservation. Short-term multi-step based energy prediction model can be integrated
into the building control system to optimize system operation strategies in advance,
helping to realize the peak demand shaving and reduce the energy consumption. At
present, there are mainly two kinds of building energy consumption prediction
methods: (1) physical based model and (2) data-driven model. Physical based energy
consumption prediction model needs to go through several processes such as
information collection, geometric modeling, system modeling and model debugging
with the help of energy simulation software. However, due to the uncertainty of
parameters and the model itself, the simulated results often deviate from the measured
values. In recent years, the data-driven energy prediction model has attracted
widespread attention. It mines information from historical data and does not need
complicated modeling process, but achieves satisfactory prediction accuracy none the
less. However, most data-driven energy prediction models are developed case by case
because they are trained using the historical energy consumption data of the target
building. So the models only reflect the energy consumption characteristics of the
target buildings and cannot be transferred to other buildings. In order to expand the
applicability of data-driven models, this paper innovatively proposes the idea of
hybrid energy prediction model which is able to predict the energy consumption of a
building without historical energy record. This model takes key variables as input
features and field-test energy data fused by simulated data as output.

First of all, sensitivity analysis and key variables extraction are carried out to
select the variables that have major influence on building HVAC energy consumption.
This process is conducted separately for load-level and system-level variables in order
to reduce computation burden. During the stage of load-level key variable

identification, variables representing the construction quality are added in addition to
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the conventional design parameters. Linear transmittance of floor, linear transmittance
of corner and linear transmittance of glass are introduced to describe the cold bridge
effect. For system-level variables, in addition to the variables discussed when the
system is operated on ideal condition, variables including fouling coefficient of heat
exchange coil, blocking rate of cooling tower packing, blocking rate of air system
filter, temperature difference between supply and return water, and low efficiency of
equipment are added to describe the characteristics of the system under the low
efficiency operation state. To assist the generation of computation samples for
sensitivity analysis, a parameter analysis toolkit has been developed. It is more
comprehensive and flexible than the existing tools.

Secondly, a data fusion method is proposed to deal with buildings with missing
basic information. This method uses an agent model to fuse measured energy data and
simulated data. Then the fused data are used to infer the values of missing key
variables. To be specific, the simulated data are firstly used to correct the measured
data to remove the outliers and noise. Then, the modified measured data were used to
make Bayesian inference on the missing key variables. Combined with the pre-
determined prior distribution of key variables and the measured energy consumption
value as the likelihood, the posterior distribution of key variables is obtained. The
mean value of the distribution was selected as the predicted value of the key variables.
Therefore, the building gets a complete basic information and energy use portrain and
an agent model that can reflect the energy use feature of this building after conducting
data fusion. Based on the agent model, the energy use data of this building are
extended in both time and space dimensions, which facilitates the development of the
hybrid energy prediction model. In order to verify the effectiveness of the data fusion
mechanism, a simulated hotel building model and a five-star hotel located in Shanghai
are analyzed. The results show that the proposed data fusion algorithm can correct the
measured data with outliers well, and the values of the missing key variables inferred
from the corrected measured values are close to the true values.

Thirdly, three types of input features are selected for the establishment of the
hybrid energy prediction model, including the outdoor meteorological parameters, the
personnel activity features and the features representing building envelope and system
characteristics. For the first two kinds of features, the more informative features are
extended on the basis of the initial features. The third type of features are the key
variables discussed in the previous sections. Accordingly, the database containing

v
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structured data of aforementioned three types of features and corresponding daily
energy consumption tag is established. The energy consumption data is mainly
contributed from three sources including energy sub metering platform, energy audit
report and simulated energy models. With the help of aforementioned data fusion
algorithm, these three types of heterogeneous data are fused to construct the structure
database. This database is composed of one primary table storing input features and
six sub tables storing energy consumption data of six different HVAC plants. The
primary table and sub tables are correlated using keys. In addition, a non-deterministic
energy consumption prediction method is also proposed to cope with cases when the
values of input features are hard to obtain.

Finally, the hybrid chiller energy prediction model and hybrid total cooling
energy prediction model are developed and cross-tested. The hybrid chiller energy
prediction model is trained using data from energy sub-metering platform and
simulated energy models, the average CV-RMSE of this model is 0.17. While the
hybrid total cooling energy prediction model is trained using data from energy audit
report and simulated energy models, the average CV-RMSE of this model is 0.28.
Besides, an experiment is conducted to validate the non-deterministic energy
consumption prediction method. The result shows that the energy prediction
uncertainty is higher when more input features are unknown and vice versa.

In conclusion, the data fusion method proposed in this paper successfully
integrates simulated data and measured data to reduce the uncertainty of each other,
and therefore to obtain a complete building basic information and energy use portrait.
The hybrid energy models are then developed to map the nonlinear relationship from
building and system characteristics to HVAC energy use. So the future energy use of a
building can be predicted using this model as long as its key variables are known
regardless of its historical energy use data is available or not. The method proposed in
this paper is able to provide strong support for applications including building
planning, design and optimized operation and control. The framework and method
established in this paper are also suitable for other types of buildings and heating

energy consumption prediction.

Key words: Energy consumption prediction, data-driven model, sensitivity analysis,

data fusion, hybrid energy consumption model
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SRR, R IR R T S A B, iR SR AR . 2RI Y]
X SR AR S 25 R HUH e R SO DU /2 A AL [141]. Aurora 55 NS I PRl 22 H bridt
AR L ENORA M NSGA-II RHFATRHEIE . Salcedo-Sanz &5 A\ A Bei 1)
Harmony Search(HS)RAL SR IE L FFRHIE T4 [142]. Boruta Bi%2 57— FA 281
FE[144]. E R B B TR RS, Wi EUR IR R AR AT BEALFT L5 R AR
HOEEZENE, AT R EAR 1 9 B 22 A B2 . Huang 58 A M) Boruta 73 #rit
FRMFIER EENE, JER BN ARMILE P S & 7~ 5[145] Candanedo 55 A\ fi
H] Boruta £ AHJAG H)J LA B[ 146] 7 Ak FT A AH RAFAIE .

#R A% (Embedded method)

RNEANF T, B EE S R SRR Shid FEAHES & . IE AN
WIRAY J& T2 070 IR A RIS S HOE IS, DU i,
G A o Jain 28 AN K B A L1 IE Ak (Lasso), FA0 T A8 A IEN{E[147]
(1) SVR #%, Guo %5 At f# F Lasso[ 1481347 THFAEESE . FET W 1A AL (Ui
HLARAMK, LightGBM, XGBoost, CatBoost Z5)AMY A] LAHEAE H € [ Tk g, 1 HiE
P DAS BRFE A, AR IEIE R — R 05 30 Yuan S5[1481K HI FEALAR MR
AL e AR TILI B HT 10 MFALE

BUBME 4319 (Sensitivty analysis, SA)

UL 73 B TG 18 0 T B RE AR AR ADLAL S S B4 7 A A A IR S A
Mo MZASAH e MEDR 2 TR 3R ok B AR gl SRR B 2 m M BUS R 2=, IR0 4
I REFEXS H bR 45 SR B R AR L AU AR B2 o & 1.6 JEoR 1 UM A kAT 30
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B1E iR

PEREHT I — D 3R HhE i N B A SHU AR XA @ RERERTL . BT
AL SCERREE . BT EURTE T R ER
\ﬁt%A%%&ﬁm%ﬁﬁ

!

‘ﬁ%ﬁAEi@jmm%ﬁﬁﬂ‘

BT

BBy

!

| TSI b

!

\ RS LR \

1.6 EHFMREHURME D ITREIRIZ

TRURAE 23 BT 7 32 B SR B 2 T RN A e Wi, BT e 3 o A e AN e % H
P72 B IME, [ 5E HoAth AR B R REANR, SRk A B RS B AR A0 T- B4R 45 S (1) 2l
BRI R ITALE R, ZRETTEAREN T 45 R ML K4
Jir T AT A, H R LB T SRR R R [51]. XA T VAL IV AR 2 A b R
WK o A R BURAE 23 A 7 R Morris 7% FAST #£F1 Sobol
A IR T HAT RO, A5 AR, TR RERE AT R e iz A
(177750 V& 22 Fe b v DAFH SR DAk sz e (R 7 A S B2k, B bmdE[R]H 240 (SRO)
fAH e 28 (PCC). ARAERE[EH 5% (SRRC). fWFk[EH 5% (PRCC) &, H
1 SRC Al PCC FiEH T2k MA%A, SRRC M PRCC mJ DL F AR AL, [52-
571 Morris 5 X RN TCRN T8, & — M s mA R 7%, AT HAR R,
Morris V£ THE EAXTEUN, (H2 EAREE 245 AN A S EON 45 R 120K
/e Morris ¥ A] DL RS A0 25 R VF 22 4 N DR 3R rh e tH— S8 S S AN R 3R
WMo WA TR, w H TSRS EOT S R EZ R m KN, o TP
A EZ PR, BARK Morris FiERIF LN ILEE — 5.
Sanchez %5 A\ CLREFERRFUR AT ESP-r ATHE TAE, KH Morris /70 £ @ FH
REREATBUBNE MY, W1 T8 — M USSR — I Uk T A A i 945
KW, —MruRPESs LT DU B o A AR s 2 (R ORI, B Ukt 25 R T
A UG AR S U AT HE R, 3 RE AR AR B0 TR AR ELRE R . 3 4h, B Fi A
HBURMEAS B 45 AR @A, 508 BB ZEIEDE IR KK HR([58]. Heo
S NAEXTREA B U AT AR IR, SR T Morris 77323748 B 7L [59] .
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Heiselberg &5 ANAE BT AT 4782 i U R A 1 BURE 70 M 572 AR 22 28 B v ik H
X FURERERE W i W 1Y) J LA AS &, DU BAT B X E[60] - Hyun 558 AWFST 1
R ERERERAREN, 5HEMRTHEEREITY T, KT
B, e E RIS R AN E 7041 0 B SRR REFESZ AR K, I HoR AU M 7
TN ANHA RE M DR 2R () R L HEAT T HEF[61]. FAST 721 Sobol i 4 th 245

W2 SR o 25— MR & b, E RS B AR EBUR S ICHEF, IFE
J& T AR B Z MM ER R R, HIFEEHBIK. Mechri 58 N FAST J5 %Ki €
SO S R I Ip N R OB YT AR . ) A R, [ 9P S5 R B AR L
eI EEA R 2 [62]. Spitz % A Sobol J7iLHHT T 6669 UKAEIL, #iw TiAE
—MMET R BEAER 6 D EEKK[63].

FE AT 7 #r (Principle component analysis, PCA)

5 ERFHESRIUITIEAR, PCA @K R G0 RFE B 3128 5 4 1t A AH S
I HE 7 A R PR E4E R . Ding 55[641%H PCA S5/ M E A AHICIE 73 A
MG, BRI . Li 256514081 1 PCA it 41 5ty F )
R G58REW, ZEMT I 5 E M ERI A, FERRH LR IR
HAEEFHITERE. Yuldiz 58 AN[6613F 18 1 A aT i 2 R AL 4 i 45 18] I 4E £ . Ruch 55
NKH PCA SKHE VIR S HE @M HEIIKAR[105]. Reddy Al Claridge tt
BT PCA MU BHL AT F106]. (LR PCA 75 2K B (A0 K
X ESSE bRz g HWE R, BT H Az E AR R AR i A 9 R, BdE
AR R 25 . Lin SEACKH T /bt gg ML R E 1 (LASSO) M7k
R A BR S BN Rk PR 4R ) /[ 107]

HZmhd#s (Autoencoder)

Autoencoder [F1EF 5 PCA ZEALL, #5244 v 4E R 285 A PR RIS 2R 4E 23 7]
Autoencoder J& M EBEIE, T LAUEgaf N SR 4ER. B TIRE I
28 o KBS EAT 4 . SR, E T FH 3 BERE TOUN F AR5 A1 22 T 38 W /N [137]
autoencoder 1R/ F -4 5 BE FE FL A5 . Fan 25 A [67115 AR ) 7 vE (R 45 4 B
P A s —4EGAN A gmiD a8 A AR ORI 46 SR B T A R AR IRHE, JE S
Gt TR LU T e A HE BT RE R TIN5 T AV 7

123 F¥iEmE IR

FERE G o M OBIE TS0 B, S A Bt A2 1R A0 SR A 2B 22 57 ELIBOR I AL
Padl e, XIHHE R W ARPLE OB, BTG, TURSERII, BRI A IR A A
B k. BLSEdg st b e WL A A B ok B UK. (Internet of Things, 1oT), )
BRI A = MRFIE, B TR RE RS AR ERGE D HL BRI
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B1E iR

R . ok, MIERCR I BHRAE R FREERT A, fREARE
(R P SR AR DR b 0CHRs 110 2 T R T AT G A 2 A K PP 5040 1) — A B B AE
wE, BIRERE. BRI T S NRERR R, BB ERE. YN
H i 1 S A 8 S R IAE DU PUAN T T [68):

1) MEERFRIIES . FREEAFRS, R EE A1

2) =0 A H AR UK A [ R AR B AR R 7V, R I 3 SRR 1k

3) Xt [E—FHYEK AR a4 77 U, R AR TE F A

4) XA HYER A R SRR, RILHFT 5 R,

b o A0 LA 2 AT R VI A T TR P AN BT 3 s AT A B R e YR B R A B
ERLRIHIRE , A BUR 51 5 B3 TT 2 K2 20 8 REAE Y 31 5 Bl S AE 3 T 041k Ok S it
— LR R IR B AN R E FEE &, T B R R R
I T R E B R S, FEE N R R IR R 7 KRERAESIEN RGEE
el (R R E IR R B G #A P22 5, B HO Rl 28 L R BN A U7 1L
B AR G —, TR CRIEEERE ) —BUEAHERYE, 5 0ikEkT
Rt &M IRAWEAE RN H[69].

R T RREE A IR, E N 20 AR RIS, AT MRS T
fifE PRAZ 1) BRI AH S HE AR, AR AR I 78 B DN MR BLRAE B R A 53, et
i b & 7735 AT Loy N G T EEANE TR AR G4 77 1 32 2 R g
LM AR, BT 49— (6 B4, (B RGBS SOREL, 1% 4%
W ) A A T i R R A — T3l (Metadata) X5 S S5 AT % 10 B
o PR TCEEE, WA O RA RS K8 s, AR E R R S AT R
o HATHE H T MR T 8dE i TH FEZA R R B EER . Thnidy BIES
A (Extensible makeup language, XML ) XML 4544 5E X (XML Schema Definition,
XSD) o i L ITIREN R RS B HE R, MG BB RS ORI AR E
T, IR BUE AT OCHR, AT e B T2 RiE B R e A, B 58
FSCCARE T4 Jy 5 ) B AN S S D e 1207 VR IR OB R 7 V2 T A AR
AIAAR BRI AR S B8 SCHMEAT TR, A [FRE SRS B AT IR [70].
] ST 9 ) 45 4 A D7 V2 AN TE SOO7 VR B ML BAR R 79 il 2 - TSMMIS (3H AR 1IBM 22
FRIEHD) REG[7T11H MOMIS (Z{5BIEFFLE) RE[72].

7E TN H AU, ANTEARE BIRM IR TS, TR —{E R
RS INAER TSRS B, FRARANH B 1 . BdE A1 S mil & 5 B0 a2 1 PP A
1 — 7 R
1) RS FRMAE BUEAE G ANE E PEREAT 2 R T
2) MEIE MRS T, A RS B 05 A R
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3) VHEAFEME RIS A E M, ARG IS FE 0 E A e (73],
HerwE A AR 2 £ T gt #, O/ ZMh SRR
TH751CA R DU 5976155 « Herfr, 28 i i 80cdie i & SR05— R 2 D8 A% (Kalman
Filter) J& T WIM-7732%, #) Z NH T 245 BRE SR a5, B ERaSh T4
i ) 2 25 JER DR 28 8 8 R A AR A b, B AR AR AT AR AN AT S, R R
2 MG A R ARA T B M . FERRIE AU, Bl A i Fe ik b 2 .
Huang %6 NJEEHA K H A KIE (BRI E: A KmEA L RKIRZ,
(I & VA WLREREAN 28 A /1R IR BED I 2 BT R E, 1930 1 S R %
g, FRAESEIEA B XL AT 11[77].  Natasa Djuric 256 A0 ZRLLEI 77
ERT R IPEREREAT VP4, Forh BN & 9 iR FE A & N B8, TR1REI & A R
PG 5, 45 SRR B e il & 077445 20 0 0 &5 Bk s A B — SR YR I B 58
HOPTEE[78]. Huang 55 NEFXS AL G s U & ()P0 AP 8 e b & 07 V08047 1 LEA, 28
— MR R TR ARG TR, PR T AR RS RS, 4R
T YA VLA B T A S RIS, TR MRS AR 5, 17
EERMERN, BT 2RSS TR RBR L [79].

1.3 KFENEEMRAR

1.3.1 R AYA 52 3T S FN#E 2152 R
1.3.1.1 AR

AR H O« HUE S MRl 7 ik SR G RERER R A L .
E DR SR BE BCA P S REAR R 10 S I B HUHEAT e FE TN I A AE 1
P fi
1) FIHREFERR AT REAE TN, HEWR AN =
2)  AREEET B BB S R AL TR AR AR R AT I

ARUR DL LR S AT BN 2R G SEbRig AT ReFE NI TN B, 8 I RE#E
ARADURI 080 70 A R 245 6 (0 5 1k AR 28 S U AR5 J2 PP BRI X 22 T IE AT RE B
JREE KM ) DR B ORSCRR 2Oy “ORBEAR R Dy HR, SRR a3t —
SRR E A B A IR, ARG 1 3 T BE A AUV AF RO SO A Sl AR 2K
Yamh &k, SCBLME RO L, SR P DL ot sl sl e dE AT A2 1, 1T
Ja T I 5 A S EE S R R AS B NI $5E, APRAUR TR G RERE
PR OMES, JFEfE 7S (SRR IE SN ETEL), n] DLSEEL 2 L sk
b 22 R AB AT BERE A PRSI « Dy 1 H B & REFERR AL T, AR ST 1 3
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B1E iR

R LS T RERE I A A e e e e TR s 1 R B oG A B S X B
I ARG SEPRBAT REFE AU REAETE uAh7e, SEBL T AN FRIEEE . ASRISRAE AL
PEI A A AE Gk, T ELREARSS TR A BEAER R I MRk, Bodle e o T T 3
3. Fioh, LR LRESLER T, R EFIARAEMSRE R RNE, R
PIXAN A, AR 1 2 R BEAR IR AR A E T 0% . e AR X IR TR
B REABR AL AT 7 A K, MCHERA AR R 1 I A T 98 E AR TR P A P

AREPTE “CEFEAELD” BT UITEL . B LES . &5
LB R GG B e RGUVERESE T vl BEXT 2 B AT REMEIE U M (1 4]
7, BASHEENE T AR “ A RFLIRSITRAE” Bk H 2Tl
BTG HER (BUEANRURLEE ) [ BERERHE DL REVR B THR & 3R H H REgeit
(R

AR LA By B G R U =0 R 1 B Rl 5k SR G AR A
FIPRAT AR, At S 24 S SR R R A1 ik S A B At 6 {8 R A 2 AT 5 et
R AE AR PR AL Y (K595

1.3.1.2 EEM AR

(L #BHE B WEE

SRR, FERU R BIEET A EARINES, TELEARLM . AFH
B AFERIESE . fEARES, ST ESE RN AEHE R EEEWAZ:
o ORUEANE], AURERNE R AR EE A SE A, SRR T

KB Tl G AR RS BRI, R RN AN A

SRR, SRR T @A BAR R T AE, BT RS

W, JEE AT HIME

(2) IRAReFERY

— IR A BB AL TR R AN AR 745 (9 RIS A A A R AR A AD)D
e BARA R T 2R RS S (05 T REASE B . B TR THE
] GBDT, LightGBM %) TiRIIER, AEEFTfRR A R NMA AR, H
K FH BT V5 B SR A AR Y, (R SR — 2R BT S M B

(3)  B@IE BT

AREHTR “BRFELE” QEEAEPSNEAS . SN NGB RS,
FIr A vl Rex IS AT RE ARG G M R R, O R RIBERFGEES, 0
WIZAT REFEIE A & R DB R 2R

(4) FHAEARE . MiinAE

PRAGAR B AN DAL A2 0T AT B4 28, PR 18] I3 Rl FEAs (R X 4
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I

HAE AR B AR AR A T B R S L, RSN R R LR RS Ak
THABITRE BN, IR SN E T &5 H IR E RS IE G, §1
WEE YR 1 FKIR 2 N

(5) AR

AU AR R ET X SERR S AL, FEXT T SebRaan, 1R
HASE Y ) AN AE D 43 X 15 B KK i, 4 AREE AR A (1 3 (5 B OG0 | 5 S b
SR SR — SO I 3 (0 25 T B AR o ARSI 7= A (RS 5 e FH T Hafs il v
Xof S R A REFEREATAZ I

132 RENEETE

R [ N AMITE T A T UK B, s REAR RN T T S HUREAE H 9y N
FLHERR AN = PRARY BOR EUA B O HERR I, (B BEFH 1A I S s i 5,
X TR B BOA T S REREIC S SRR - B 55— 7T, REREARAUTT
AN REFEEE % B A R e P BARERT TR X R, (B TT
PEIEABA S . AU BATHEX — AT, R REABASALL 5 J2 A0 S it 24T 4
B S I IR REAE T T R o AN VR A R 2R P 08 Xl (1) T 4 R A S 73
DA, DR o 5 2 B ik A s SR A B A I it RV N 24 .
AN BRIRZm 32 R GUsAT REAE A&, Hnth BU 2 S RIS AT RERE . O 1 SkBLIX
—HE, FEEE LT LA A
1) [ XA R GUSAT R RE AR R IR 2, (HH A iR 2

RS2 AR (BISCHBEAR &) JEmpes?

2) . HECRE IR G NEIERES EATT, HRBAER AT
IR ™ BTN B, AR 212 00 o 52 e S U K o 7 S SUREAE /0 T LT
BT AT REREEEE CRDECR IR R o AR D) (R, iR Rl 52
X IR AE S (BRI B A N AL ) 2

3) WEI=: EFXFICH S RERERE A S T AT BERE TR ?

4) RFRIY. LT RIS RERE TR AL 5, AEREATIE SR REAE TN I
LRE VI M N AR EE, EREERE 0T TCVRIRI, Qe g R A7 AL AR Ry
LI A BEFE TN 2
PRI AR S AT 8 AR B G A T O, 20 9 BLR LA R 7

1) SRR RGBT AR . ASCE S 1L g

FERIRIIRAR R, R BURIE S A IR A R S TP R U T OB AR B
N T SEBBURNE 2 BT P 5 (B i, RSO R T B @RSt LA,
UL EE RAEAEIE A, I AR BRI BUE SO0 R RERE, JFR
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B1E iR

Pt SHEREAT BURE . XEHEEMAZ, BT RRSHL AN
M 22 BEFE A B DA 3 LA SR AT R SRR S TN N AL i H ) L
TEVEIE, T2 B ARy R B AR B TR & REABRR A (1 i 57

2) AT RS AU AN S B R R, BT DRI SIS B RZ I A
U B AIIFRN o 12 A Al 7R 1 e AU B o S B BE AT S AR
A FE AL, SR 53T DU e, ARYEAE 155 i Sl B Xt B s (132 3
5 SFEATHEN, 75 3 HIW R E AR R 2 WHEMME » AN 038 I R 40U SRR 5K
BREE SN ZE B, NPT RERIE T s il 5 SR A Al AT PR AT R

3) CRESFUME RN TRARTHS, HEEHE R R EdEE . 28
JErR LSRR 2y SRR B AR DR 2 . SR AE 4L R AR 4R
XA SERR SR, At S IE T E R Al A B RS B O
AR B RN IS AT REARAH - LB AL A5 T ReREBE A T H AR 3 1 K &
FRADEHE . 2 R S R A B 2 SR A B, UL T AR
SIS AT REFERI T o

4)  BPXMEAERFIRF AR R, SR T T OGN SR K AR € REAE T

777
1.3.3 IRBIAYER R L FI S BSR4
ARSI NN E

HowmAA T ARRERIBIE 5, X HATE A SMEREE AT TR
FEBEIE A SRR F A2 AR (1 REATA SC AT LA A

BRI TR I AR RGBT RERE OB AR I E T . B SGIE T
AR REXS 2 RERE P AR RS A AR B, XAR B AT A T OT R B S & S i
THAEARER, iz HBUETE Dt 5 NP IR UGS T oA &, fmilid 5241
Bl 7 A E P S s AR B AT R

=R 1T R FEAE AN SN RERE R Rl S S, O iR IR AR
LB Xt S B AT A8 11, PR A L5 (0 S0 300 Xk S o R o A B b AT HE
.

S PYEH AL AN SR O3 2 J AN T SENE SURERE ) St 1 At
R DT IR SR b BR A R

FHRFRN TIRG AR AR T, IS T AR R AE
BT REAEZ AN B OC 2R, BESL A IS AT ReRE TR Y, JF44 2 1 o
GRSMEE . BERAAAERRIRFE AR OL, SR 1 ARRA 2 REFETIIN U5 5

SNTA O L R AR AR SR AT T IR, SR A R E R A T
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EEIX BOR B o BT G A TR e P R R, LR SR CBECS
B P2 BRI S 2 R REAE R

FETEL AN TN e AR GO R AR R, R RS AT TR

%,

AR BB LR K LA 1.6,
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1.4 KRB

AR FE T S REARALALL TN 5V 0 B 0 B SR s AT T el Sy
1, R H I BT & K EE I RS PG A - AL b, AP
TR RN SN B R 5 S VA I SURE AR S AR, SEIUE S R 4
IBAT REFE A E PE IR ARG s R TN 7. F S8 FOR AT, ARESEH T HAl
ZAUSAEAE I DY 20 L, A LA SRR ARSI B A AR R B 2
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552 B OERAR AT RIS AT REFE I AL B HR I

F2E ERTEAETASITERXETENRR

2.1 #hk

I RIS AT REFE R 2 TR A7 g A & R GRS [R DU E 1 o 0 I 4 A
AT R ALELE . mRUs T — R a8 TN AR AT . R A7
HERTE RS R A TR T, A Re R UE AR TARRIBUR & o v 25l A A 4
SANVELE TSP, Af SRR R AN E U X L AN [R5 () B A T AR A7 fr
bR, KA TR RERM . FEATTE RS E IS AL, K 7w )
T RS P2 (P B0 A AT TR AT 5 . DL TR e i, BLFE T B3P g5
AR TN TR 2 i 7 TR0 ISR R TN < /i o e R Sl 65 B o FA PR
fof SR FURI AN AR S P e T 5 A R 9P S5 R B I A 3G DL R ANV IR S
FVIMS, Rty BRI A A e i T BB SRR . B T EALRREE R
W fE, R T EAVRAFBEAT D s v SRR &, oA BRI 56 [ BE A
TR T BN K 1) EnergyPlus, 4K H &K H DeST %5

TRRG RN T HERZE N A IR B, B R 2 N 7S (AR A el
D = NERRE ST E IR VO N . 2 LT ERRRE, TIHRAENIER
MR Z , AT DAUL A AR AT IR U 25 R G — A — R o (HE AR
., ALEFCRAN T HARROREA IR W RS Kk X = K5
T RS WA PSAT REFERTHE I K B 5 S fl Sk Al i, R B iKEE T
U AT -

ESRTHENLERAF AL I FEAC 1 2 R AT A R G e AR TSR I RS, (HIE 2
FEAELLUT LA A)

o HWAZEUKRZ, WM,
o TENEFUTINEIRIR, FENFEST;
o WH X EANSEIBUE TR ) 2.

;

I

H

or
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21 BT FBITRAMRTEE

A T 2 BRI T A O A BUBE A T i (B 2.2), WEZHTHE
AR BN E RS, W @ ] Tur KsAT REAE R AL &, XLl
AR 1 RERR T A BEAE AR LA ZE R K ER M5B B, e SRR & REAE LAY i
SIASHERS o AR B TR S ) R R SR AR A A R AT U A A, IXAERAE Y
ENNER-=- 5 WPV F
1) @HE RGBT REAENTI LR R R, RN URSEA MR,

RBATHRE KA G A E AR R, A LSEEL
2) BEFG AR SUISATREFE M THA AT DLRIEEAT, PRI AT BAZE B8 23 31 20 A 22

T A A AT HEFE S H B R AL &

2.2 UM TR

MECE S FESE, BURPES M (Sensitivity analysis) A2 B 77 W] AR 7Y gy i AR
B E R (0] LU @ B AR D /2 &AL E F[108]. AT LLH R
7€ B BUE PR T B N AR S AR A0 T A 5 RIS /N, BT T AR IR
WAL T 25K | i ey AL ARG P T G BT N R AT BB T IR E A T o A
TREHARZEGIEHA 73T Z IR« BUBPE P ads = KRR B, AR
BN AR X H R R IRA T Bt A &I R R E R, £
AR FCRTaE N, R R AT @ 50 #A7 far B X — IR R LA o
BT (L AT L L T U0 RN E R, DABCE AT AR 230, AT PLZ
TG EEE, HgutBRE, KRR T3 —Mor%, (58
EnergyPlus HF1#E47 G300 57 A I BBURSAE 3 B

FRUBAE 20 BT 0T 53 DN SR S RO A 0 B N 4 SR U A 20T o R SRR 2 AT A (2]
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552 B OERAR AT RIS AT REFE I AL B HR I

€ B AR ASEL LS B HoAh g N S50, B 505N 5 N S50 SR 3 B AR A s f
P gy B RS2 o LR SR S U A 43 BT O 1 A 1R AN A 17 (One-variable-at-a-
time approach, OAT) {73 73 ¥ (Differential analysis, DA). J&j 3 fURME 44T 7
EHE RN BRI, (BRI RN IR A SIS T E A e A, IR
NG T ZHC AN ELAE FH o T4 JR R 7 AT T 9 ) 72 I A A 28 By N\ 3% 8 [
AR AN SRR A A PRS2 o P PR 4 R BRUER A 23 BT 7 VB 1B 4 B2 . Morris
%\ Sobol ¥4 FAST 71M RSA VA5¢. AETCRMERBUENE LA, Fa
Je B 43 B 7 92 ) S IR R AR 1 ) OR

2.2.1 BN —RINITIZIE

4 SR RN 73 M BHRAE 7V 2 80, H W D7 v 5 T e BRI 20 A
BT RE (R BRI 43 B A2 Fi8 R AR H i A\ R B 1 2 A (s A EAT HhRE, AR SR
PRS2 A NS B 20 A H B PATEALH, BRI R AR — &
THOLT, T R U AT PRI
1) HE AL RPN R, @V EEPATHERA . WETRTIA, AT L

STV ENIA B BAL, W] DL B T WS BRI Ge A, (75 25 2 1)

MR T 2 EE R, KON G S B 7 A T i AN A AT

KERBMTHE.

2) NEANAZ R E FLDUE TG B0 . X2 oSN — 2, RA&
HINBUETCEA G, i RS AT EER, f AR & 1 BUE 6 F— AR 4
LB R EBVME BB, MR A — T LU A

3) (EAPR 2 WA FREAT R, 18— MM ARERME. R 5 B
BLRFE. ZFFRI& (Monto Carlo) K% Hi T #3777 (Latin Hypercube) i
FESE, A 5 Ja 82k FH B BUBNE 73 A1 7712068 B B 45 38 S FE 7%, 40 Morris i
FAST 5%,

4) RAEAIR 3 GBI R AN, BT IR, 45200 R 4
e .

5) IEFFE— MRS BT & A N AR BN i L AR B S A AR o X B AT R TV AR
%, HAENANT /.

222 EEEREMSHEE

AR T Morris 77 VA0 [V 43 B AR BURAE 43 77325, BRIAS /N 3
BUPIX R T EMAN A
(1) Morris 3 HTi%[51]
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Morris 5 XHRNTCRNTTi%, F&— Ry s A 27k, Al AR R i
RI7F 2 fa AN AR R e ) — 2SR AN AR . — S Te RN I E ST

B — ARG RN ML RANX, (=1, .., k, XA EAE— N RYER
BN AT ARG, ARIKTup s ARt A e A\ AR B 18] 4 B RO p A% 1
[AQ. X T —MaEERALEX, HABigER) o E N

[Y(Xl,XZ,...,Xi_l,Xi+A,...,Xk)—Y(Xl,Xz,...,Xk)]

. (2-1)

EEi =

o, Aaﬁ1am§?{p+l,...,1—p—il}, X + e, AMIkEFQf, e RTE Y R

1, HRYEFEDN 0 IR &

SRR NAR B R O RN S AT e I AE Qs (R BT XBE AL AR 2, HF&
7, BEE;~F;c X Morris #&H PN GUEMETR bR, ufllo, B2 F, A0 KBE AR
HEZE . iR iz DR 4 BRI Al T, o @0 AR ELEE M Th, ok
W BH 1273 50T A HH ) R 52 FL A AR B EUE B s R . T EF B IESUE R, —
SE R RIAE T B I 22 72 AR TR AR, A IFTEA 3 — B R 3 U, R E
Hij & H Campolongo # H i) u KACE u, w2 T BN 4E5HE 40 A 3, XA TERL
N AR € NGy, |EE;|~G;o

(2> [EES %

(5121 53 B 5 — e T R RBURR A 23 B D7 925, 385 Mt A SR A R AN
X2 ToREAS, FFR AR TH SR AR B A R A AR 2Rl WA 2-2 &
15[51]:

yi = by + X bjx;; + & (2-2)

Horp, y, BRI, § = 1, .., m, b RN TR EHE MRS, ¢ R 1RE.
—ANFE by I T IE R /N ik, RRIAEARY, 2B/ Rk . T, ©
A EE AT A E S R 2-3, A Ib;s; /SHFR bR HEENE R AL (SRC), Al
H Sk i — S5 B, FAEBUR IR bR

Y =9/8 =X;bs;/8)(x; — %) /5; (2-3)
Y =2iyi/m Xj = Xixij/m (2-4)
8= [Xi(y; — ¥)? /(m — D]Y/? (2-5)
§ = [Si(ay; — %)° /(m — 1)]/2 (2-6)

7 MEURVESR RS O [0 H R B (PCCD, & 2 T AH SR e AH A FR MR
. X T RIMMIT G (xyj,y), FidER N AL XA H AR Y 2 18] A 5
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_ Yini (xij=%)(Vi=¥)
Txiy = (X724 Ceij=% )21 2 [E12, (vi=9)?] /2 2D

YFIX; 2 (8] A 6 R B0 SCHIAN [ A B SReAL) 3 -

Y = by + Xnsj bpxn (2-8)
Xi = co+ ZnzjCnxn (2-9)

BET AL IE AR RY — VALY, — X, XA 5 2 8] 1 AH O R A0 Y FIX;
[ P AH % R 4L

TEE R, BIRAMEUERMESERR (SRC 1 PCC) Hi@EH T/t A
B, FE AT AR SR AR A v LN 75 AT A e, A R Fad o S R B s A5
FAM R I RR AR B 4 200k TR A 80 () UM R AR B FR b B A [F1 U R 3L (SRRC)
FfmFL AT R % (PRCC) [56].

FRA M (R T R W e NS B 3T HEF, AR TR I~N, X T8
LT WINE, T AT AR B N Rk . il xR
J75 (204, 53, 12.6, 7, 2, 20, ERBHEAFHS (2, 2, 53, 7, 12.6,
204), BHIRFEEAN (1, 2, 3, 4, 5, 6), HTMNEPRIHAMEFE, H
IR TSR AT, B (1.5, 1.5, 3, 4, 5, 6), &A% 286
RE, FTUmRARIRABRE R 6, 3, 5, 4, 1.5, 1.5).

2.2.3 HEEFE

A A i AR AR 5 0 A R A A HP e BORT DA e B B3040 4 A RRAE 1) BR AN 3
s, US> BT R B SR A5 B3R5 O T H AR B R FH B AS s B A r
B, &G BT VR DL R UEARS P B4 0 T 8D 850s 20, A gz 1 B[]
PR W BB R 7V A G DA U

(1) IEAZRAI (Orthogonal experimental design), 1EAZ iR AR HE 1F 22 PE N 4= TH
TG Bk S A AR MR R AT RS, X AR R T8
SO FHEEATLL HRE L SR OV SRR T

(2)  ZEFRIEHFE (Monte Carlo sampling, MC), SEFRIEIHEE & —FhFELE
W7V, HEEARBAR S AR i Rin R “MZ” . H%
FH BB AL BES KA G S MR ABE Y, SR 5 AR AT Hl A

(3) i THESL 7 #FE (Latin hypercube sampling, LHS), $ii | 37 7 RHEE &
— Rl BRIV, AT RAM 4k A AR O AL BEHLREAS £ BT REL
FIAE T B 0, U TR SRR BE A8 5 31 LU/ RAE RS SR A L
PIRAERERE, (ESEFR R AR SZXGW . Fr T 88 37 5 SRR ko AR 23 (] 1)
— Y FIENEE Sy, PR RN RIRE > B kn AN N, R JEER— AN/ N
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BEATBEALIIARE , X PR 732 0T AR UEAEAS s A A AR XS 35 50, g 1k B P Bt L
LA .

IR Uk L AGE A R AR Tk, HHh R TS RE AT Tk S A R 4
(SRRC F PRCC). {H Morris 73 MriZi A HAFA MFE 7%, HAEARMAREH T
H AU BT 7

FE E—/Ni R ], Morris VA BUBE bR Flo & TGN G, 73 A7 I 35 (E A1
FarAnfbnEZ o N T ATH R E ARG 0 A, 75 2 AN F AL G B TR
Ao R TREMBAMEAR S, BRI Er N Io, TR O B
AR S IS A — RSN FE ZE2r DN R kRSN 25 18] 75 B 2r ke AU R
Morris #&H T — MG BT R, EERM AT R E Y r & Hk + 14 R L
ML, 22T U R i SR U I TR, AR —AS, A
A FEA ST AR A (ke + 1) .

Kl 2.2 JBoR T =47 B R — SR U R RE L R, B e ERE AR 2 R QR BE AL
ML — s, LM HE SRS BT A OB EE 5, (Hxc A B Tk . 5B — 1M
T px O R A fHE— N ER AN EE A, x W5 Faid . 5 AN i x @
HWIEx® + g, ATkx D — ;A5 F], & H5xWOREFIANYERE EGZER . LR, 3=
ANATE S @ + AT — ;A 5], Hi#j, uﬂ7ﬁﬁﬁibwﬁﬁk.lm
k + 14> I 2 [51].

X3

v [

SOARD

X3

2.2 HurgkiErERE (k=3)

2.3 BT IPLAKBTER IR

AN DU G 23K 22 Tt A O G, X R 3R A R A feg e B AR B ik
HUfie ik, SR 052 R Ut ik, R wE 2.3 s, Bief—
AN IR ) S AR A VR L S 4N
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L B
R T e
LTV YT S
= R R puitd ‘
&BhiPythonfleppyFE4RE 7 B I SaTartE N 4. IRE O
BB AT ET A, it TR
1. R B
> ARRERA AT BE; N
3. TRE TR IR | A RATH
4. I T BTN AR BT 2
E
5. SRR EIABIM I, 23 88X l RRIE DTS R EKH
T Hh SEE RS RRA, X B
. 7T RS
BATEE, ERER ---- morrisix (240MNE 1)
FRT#BALF (60001
l i 451)
N | N BB 3]
2. BEVAZREE (SRRC/PRCC) AR R

2.3 BT FEREHRRME S ITREE

2.3.1 EFRTEA VIR T = E/IEE

XS P T PR B B AR, R 3 A T 23 MR, ) NDUSK:
HEIHME . B AR TNERE . 184760 DUR I Tt o A2 5 (R B v Bl
TRRHE, EHBUEEEN RS, XIYRAR S, [ =REN T
AT oML BBCH IR, X AU T e b, R TG SR DUSRAS B it
L AhTE L o

AR/INTT P IS Bt o o AR A U A A R Ol AN EEIE R RN
LT FUOME A A MRS R S SRR R A A B iR S e ag AL,
PEAR A% A R B i T H A R AL A K, P AE VR AR . KGN =R IR
Lelkifid 2 A 2R IE T A PO MBI AR IR IR 5 A B RN Ak
HIAEALIE, IRJE R e AL Ao A A R R B B A b, MR I EAL 3
IS, AR T HG IR AP B I R BT Frin . DRISEAE UL S, SR

3 2-1 R E MR R I B R AR A% A R B g N[ 116].
2]

Atot
Horf, UpRon 5 &R M N5 M R SR R IR HL W/ (mPK); YRR Ett
BEER, W/mK); LERRARLIEEL RPN KR, m, 2052 R s
T~ B SHAT . A RIS 2 (8] R T K L s Ao R AR, m?; UpRon
BRIH A S A REL W/ (m2K). 3R 3 hIaaAR & I DLUE A8 X A L

Up = + U, (2-2)
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[FITE RS [ AR S0 iSRS S S A Bl Bl 5 077 V2 A TR BE B R F) 22 57
U e T AR AHE RN E BB A B AT A S AT 2
*3 BT AATHRE STV EEE
S SYE ] 65 B B Fpr Ll
25 wHELL (b NWWR 0.1~0.9
st e GD) SWWR 0.1~0.9
HEL (50 EWWR 0.1~0.9
wWHEEL () WWWR 0.1~0.9
LI AR AREA 20000~80000 m?
=511 NL 5~40
(LS CR 0.1~0.9
5=l AR B WALLU 0.09~11.1 W/(m?K)
gt GRS WSP 800~2000 J/(kg K)
T J2 T AL AR RU 0.09~4.8 W/(m2K)
E2:EE TP RS WINU 0.2~9 W/(m?K)
T IR PR S 79 A R 3 SHGC 0.1~0.9
L PNUEREILL T &S WSA 0.1~0.9
JR THUA I 8 55 WA 3 RSA 0.1~0.9
A 2 A B I SPC 22~28 °C
=17 B BUE IR SPH 18~24 °C
MR )y e i LPD 3~15 W/m?
INZEE OPD 0.1~1 P/m?
RIRBIEZR INFIL 0.5~5 ACH
I BE T R AR ST 0.1~0.9 {3 4k 2 A I
DpriwjrEs
WL RERR 2 iz %[ 116] FLT 0.007~1.842 W/(mK) | 7 5 BB 1k 14
& PR It %R [116] GLT 0.03~1.058 W/(mK) | #EREHm
5 f 2B & I 2R [ 116] CLT 0.036~0.684 W/(mK)
232 BR=AAGTEREFE LR

PIrESEBI AR, G REA R A H 4 %E’J WSS OCA&R, JEH R R AR A
(IR SE B 72 U 73 A BRI RE (R ORBED 3Rt T REAS B W R T B
DR L 5451 PR A 3 AN T B T R A 2 BRI 11 ZIKL%EA FRIBIE X G i 5 e i T
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FIrEZ IR AT LD HREWEA S, FIX 245D EnergyPlus SKit5 25 1
fif, FFEET python 5 F M eppy BT R T HBIEKE TR, J7r{E#E G2 7
ZCIE St

eppy & — MIHIATE S , H T 95 %5 EnergyPlus idf 341 EnergyPlus i H 3044
eppy &M 9mFEiE S Python w5 1. Kk, ‘&7 FH T python H=FE & K% 45
F R R . P TS eppy BAZwAE 77 ST # R A1Z 0K EnergyPlus idf
SCAF[109]. B AT EASEIL AR ThAE:

FJUAT eppy RS idf SCA-#EAT KB T 2,

X idf SO REAT IS DE B R

[N X 22 A idf SCAF AT AR

AL 25 5 s B A

FRYE — MR R AR — A idf TR

FA R EA SO RR I 2.4 B, B SRl AR BCE TN TR A A
FRIEHEAS s b 38 LRI SN B 2 B0 R () J LT 23, SRJE 5 idf ZEHESCAR AR
i, WA BUES S df PN S8, ERdE X, HRIFRFE R,
WM, BERTERTAREAR SR X B AR idf SR SFEARUE
TRINZH, AFEER TR EEARRE . ANE D RE X A8 H A .
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Bl ]
PE B NS BERAE
( AT
RSN FESURI R
l 1
i AR

MR @ FNEEAE (i
M. B R &
HRELSE) AR LA T

l

K TUAT 508 70 A48 3 ST
s ARYE AR A5 R E AR
RS A B AT S B N

WA
Energyplus. e
xeHEAT T

A ‘
5P

B 2.4 ZFRAAEHEEREEGHHES RRIZE

FE DME R 3T r SRR FEBUR AL i b, 7R EEREAT S b R AR A, (Had
HAEF R NI R, RFFHEASMEME AL, SR S8,
DR AN I T30 B B X i SR M Z5 A IR 20 i, 0 H A EL R I 2 B0 Bk
¥ jEplus BT o AXFTREIRN, A4S R B BN 2 Rm i 50 2 1 7 A ) — > B 22
RVE, B M A AR B0 2508 Star (2, 5 22 LERAN R R B i SR REAE
{H R 75 LR 28 AU 25 M AT L AR R A 2 U R HE ), Rp ) 2 A2 S 3
AR RREE M A E G OU T « BT DE R R AR T i, AR
TFAR ) E B AR TR BN R A%, w] LIRSS R e A s A JZEORA I R E0UE
RUCHL A& A2 . H ATZEE TR SRR 5 M4t it se, Wk 2.5,
MANE a £l e, GEFUHIE N K ZALZHTEA R bA B, T HBREMEES 22
B BB VLHC A & &RV FANE, IR N LA, SR S8l $uTitE
AR AN ILEC SRR BT B

WBCE T CRUBREME 1 5 #7580 A FHE KA R B2 H0F IR,
e 2.6 fw, 32 5 MOMEREAAE, KA NBER RN HES ] 2 AR AR
IR OL N, ROBOCR Y] 5 A Sl i AR, @ SURBOARRI, AR R
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OB
F91& AL sigma SRRV THTEARFFAE, sigma TR A XON:

sigma = C/(%) (2-3)

AT R BE sigma WRREIR R
CR = f(sigma, Aotar, NL) (2-4)

A, CRANEFCFHEK (HHEK), ANVEFFHmA C5#imA), CR
KR RE, A VBT, NLERZE.

ERHTIF R, B TR S HUE A, NL, CR, T2 DATH& X
Nif¥)sigma. #JEHRAE H Ansigma T g VCAC @R ANE, SZEL) U 8 i 57,

T UL A, DR R TN GO T T, (0 T HE A A, 38 i Bk
Bk ReiE & T A E R SRAL, Hf 0T DU 3 B AN [F] D e 43 X ) T AR G A ok S 3
DiRe X kil 4y .

T

(a) (b)

(c) (d)

(e)
2.5 AT EERAE AR 5 MiMLER
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A=16, C=16 A=16, C=20 A=16, C=26

[ ] RN

d e
A=16, C=29 A=16, C=34

& 2.6 SMEEREETENEE

233 BRTEAEHRESTRIBRTERT

TRURRAE 73 BT (R 25 W AR 26 PEIR BURK . S FRIFEIEIAN S, M Bt 2
BOR AR, BURME g Rl se e KA. KL, DOURE T H R, £
AT, RATEA AR R BEAR A S48 A RN RAEE %, BRIFE
e SRS ] 2R LM A

AT TR Morris 72 A0 [ENE 3 it AT 88U 43 BT, Morris 79234 23 A
INSHAE OB PREE, 192 240 ASRAE T, RSB T BPAT 7 240 IRAH
L, 13 BIEEA KA S0 B AR A 7, Morris 7772 FIBBUB I o A 45 SR an i 2.7
o P e i — 2 0 I PR S B e (RO CRP B A AR D, it B 1A 2 %)
2 A7 A AR A RS

(6] U5 5 92 R PR T B ST 7 AR RE 73255 23 N NS AT KA, A2 6000
AMFEAR . T EFRRG L= EIEL MR, FIkiH5 SRRC il PRCC 1E NS
fabr, ARWE 2.8 Fin, &SRR I4HERRHEEM. B EIH SRRC
A PRCC #& it 7 AHRI 45 2R

ANHERIN, PR 0 A 45 S S I v B ) — B, 0o B A VA Hh X s
KRB E Z=0 A A2 B L () G AR B O B = M BOE IR E (SPCY. A7
% (OPD). HXZES (INFIL). HEJThREE (LPD). {HaX T R %L
(CR) XAMEHR, PIFIIEAH TAFESE R, X B4 F A5 E R4S REOEE,
BESHETEIRE (SPC). A% E (OPD). #HXWEER (INFIL). M
W (LPD). K12 &4 (CRO YRR 2 A g () S BEAR & . 7 LU 2
AR B R B A T DAARARE S o {7 100 TR R (1), 395 B 11 2 22 Rk R A R 11T 97 A7 119
Ak, AR SRR A P K vt 2 16 e B R B S HE I AN MR AT B K
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0, DS 5 AR S 0 AT AU P B

m=
==EE Y =
=§%§;§;ﬂaégzﬁﬁ

g

5=

=

P

I—|§5§§ZE =
———rr-—m'l1’\|

g0

T T T T
20 40 &0 80
U kWhim ™2

= -

B 2.7 BLENu EIRENLHTI

SRRC_LOAD
0.8
0.6
0.4 |
0.2
i R T ORI T LT & EFQND
-0.6
-0.8
PRCC _LOAD

0.8
0.6

0.4
02 I
[ |

— - | |
02 & &qﬁv‘?\}?@‘?@*:f o V& F &S

-0.6
-0.8

-1.2

& 2.8 #[EYI3EHE SRRC F1 PRCC ELHEF
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FIGFRS LR AR R SRR A 7 SR A R R R
234 ERTIFDERBEEFHEIIUE

N T PR EAN R BT A SR S AR B, T T A TR AU 1 A
SHEMEM R, Bk, RANSZEINEE AT E S (8
WA Z (R TBRIRT DG 2R, FERHA ST EAT 0N o BRI~ 2% A8 B0 ¥4 47 AT 1) 52
FEFEANIE], AR AN A (28 B 20 A AR N\ S 50 2 5 B0 R I RS FE .
K FA AR A AR RS N RRAE AR I A ¢ v 1 TS 5

ST TR Y LA 5 S BEA 20, Bl N oA M. SCRemEdL. b8
MUARAREE o AR H BEN AR R L @S L AR AL, RIEA AL 5.3.2 /M5

KNS T AR OB, — AN B W16 28 = AR AR Y i N REAE
TRAN DA S AR B A R R A N ARAE o IR AR B B Sk 1 SR 1 A R Rk
AT A3 T 13 2 ) 6000 MREAS £ K5 BT H B 7 fmr 2 A OB 4 . AT
[ g SR an 8] 2.9-2.10 Fras . TMIAS FE i & 48458 CV-RMSE, 1HH AR N:

CV — RMSE = [Zimi 0t / Zleu 2-1)

Horb, y ASEIME, o BIIE, noSBIAN

T A5 RLW], R AR aa A B AF R R ey NARFAEEEAT SN, JEveoxt 8
T B SN 45 R A2 XS N G s S A5 R, SRR Z AR AR XA SR, K
TR H b AR 56 42 R B A IR A SR ARE o 28 MR 5 et &
VEOMANERAE. Gl 2.10 Fros, AR TN iR 22 5 5 — MR AU EE ARG (A
e, AN LI R W], SR AR AR B 1 IR IR A R T AL O 5 R

test
160

pred

Load(W/m2)

FMWH L{'NXH‘MJ’”“‘II|VJH1W

H'

0 100 200 300 400 500
Sample Index

(a) &4 G (CV-RMSE = 0. 004%)
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700000 4 test
pred
600000
— 500000
2
T 400000
1]
S
300000
200000
100000
1] 100 200 Sample Index 300 400 500
(b) EBEPA AR (CV-RMSE = 0. 0003%)
2.9 ETVRTENARTUNEER
s test
pred
140
N 120
£
100
% (| 0| ”' |
© g | ¥ ‘ h )
g | { ‘ | “l ]"' l' u ‘i
60 ' h l || y! r! |l“ } ”\ ||||l l'l
u[ |
40
20
0 100 200 300 400 500
Sample Index
(a) WITA LN (CV-RMSE = 0. 08%)
700000 - test
pred
600000 o
— 500000
EdDDDDD—
1]
3 300000
ol

Sample Index

(b) ZEBTA G (CV-RMSE = 0. 0074%)

& 2.10 ETF BT ENHAETTUNLER

24 ERZHAREITRERRBEEMIRN

'?J:*/J\wﬁﬁxﬁ?‘%%’ﬁ%ﬁ‘]iﬁﬁl*w, AN 25 B G E AT B
EFOCEAN R . T RRISAT REFE R BRI T4 5 el T R FA B LSS RS, 2

39



[FIGF R A0S0 EHUE B R BR R & A SR & REAR R (1 2 57

7 DU R SR A R B R e BN AR AT, AN S A A Em IS &
gt RIS ARG, ST OAR B, SR 4 R BUEYER R S U EAR 45 5 1)
T3 o 73 HTHIX RALFE R HLRERE K IR RERE . MHLRERE 1o ZNIERERE, HT EnergyPlus
I SCELE

2.4.1 RS FRGBITRRAVNGTE

NI (RGBT, B4EE S, RGERA R ~, ZHAGH
IBATREFE T EIOR T RGA T R, ARG R WAREREE, (HRAESLRR
TS, KE2 &I H ARG T AHERZATRGS, flanmE/MNRE . &
BERUAR . KE IR XS, SRS LS ATRERE M R (HRAERE RIS, — K
RNRGUBAT IEH, SHERMEBOT ST E, A28 IR Fh b 5 EURE 6 2 1)
“ARIEH” BIER, BT DONGRAS A L R n] DLER A A1 4 BEFERR AL T 5 45 R 5 5B
IBATREFEATAE M ZE o PRI A URIEAE 73 #7251 R RIS AT BERERI S R RN, B 1%
JEZ R ARGA BRHIESL, I T iR RGUSATIRAERN AR &, AR N
AR R PR R, LR MR 4. HA, WERRRASH (KRWLEER.
IKIRER L 1AL COP) B RGEEEARFIES L, B2 Al LU R G AT HER K
N PRI R .

* 4 TEBITRERBBRMESTGEEES

LR B {E 75 XA
KRG A ENERG. BRERG. NHLELE RS
IKFRGEHRA —EERBERG. —IRERRERG. —IK
- FEME IR E RS
e 2 XUE 8~18 oc
B ARk R 5-10 oC
5 ARG 0.3~0.8
IR 0.3~0.8
A HL COP 3~7
B | AR R K 2 1~6 oC
| SRS YE 25 0~200 m2K /W
AR AR SR 0.5~1
B | RRgue iR 1~2
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550 B B S OE T R e A BRI
242 BRTSAGITEREREEGER

55 500 A AR A SRR R A AR T VRSN, TR AR G R () A R A
B python #l eppy BHEEAER idf SCIHF, FFatATHHE, 2B 2R PLREFE. 7K
TRHEFE. NALBEFEFNA EN IS REFE. TR ZE VIS, H T IRAANE S s o fir
A RGN AR B T R — AT I, @EPURE AN 2 BRS80S IR KR
AAZ

H TR W RGEEARRER) “ — MR E” R WL, HAAAMEST . T
BEXFB AR & B s B AT AT — e SRR R

(1) AEHKEEEKIEREE

CRIMENRZE” R RS R GUE AT R R WA, — A R K A B
KIRFE R 7/12°C, HERKIRZE 5°C, {HAH SRR BIAR 22 G 5 1) AR 7K At [ 7K IR
Z 1A 2~3°C, ARERERE 100, @MLK EmA, KR REFE R RIE N
[117]. PREATRERG “ R iR BERDKIREE " fEN “MinAe & 2 — Rtk a1
RERAEIEH 24T T,

(2) #INEET5I0 REL

ARV F b 1A T 2 B TR 1T &5 5 55 TR DR T 3 At AR B (UAD
LN, HETT S ECEAR S AR RESAL, SR IRDKIRZE g, AR ER N, X HE
G E 155 RECRFIA, FI s B 17530 SR BUL /KA S5 5 R0
A, A XA 2-3:

Riout = Tair/Aair + Twater/Awater (2-3)

HA, Rpgy e G E BV5 R4 K/W

Tair e S5 28, m2K /W
Twater & /KI5 Y5 25, m?K/W;
Agiy RBE M, m?2;
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HolE F T AR 0 AR B AR . I B SO AR
1) BRI B it ) 22 AR SE A, DR A AR W D e W 2 ST BB RE B A0 A 26 A AR

B 5
2) MBENCAEHMYFEE SEMRE, TMAERRIRE.

3.3.1 REEEIE

S HABLAE SN B rh R AR R LR, 2 A KR O 125 1 K o A s o
i B9 (L T O R B, DR R AR ARt R A 2 b 5 AL AR B, A/ NI SRS B ) S AR
1B 175 008 F 8 W R R A 8 e DL RBRR s, BT 3.2.2 /NI IR Y Y S
SR B o T REREAS LAY BE RO HE ) B ) STRERERE Sh R A B AR (ki
o IF BAFAE S HAR, DR R RE AR SR PP 21 A AR A R B I AT 2 1 51
TR B0 7 A

B, MRAER L 50 s R DA E 5 RIS AR R UE, @A H
PR SRR BEFERA T, REAT THIEL, 19 21 5 SN AR ORI 5 — B A B UL A8 1 471
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SR TS 20 SN s RIS 2 ) % BT b — B ZI 38 K AB Ay » Ay
dy, LLAERZEME (K 3-4~3-6):

Ay, = Yk — Yi-1 (3-4)
AN = Mg — Nie—1 (3-5)
dy = |Any — Ay, (3-6)

Horb,  kRORIRIFA, v R IIME, ) R0 MR RS R ARAUME . 1R d,
KT HSEBOE M BEEe, T2 BN 20 8 SEIME 2 5 % 1), il =0 3-7~8 i
ITIBIE:

V'k = Vo1 + TNy (3-7

T=%ZI1V)’i/77i (3-8

bR W 2 15 H IS B BB e 7R AR T S DGR R Z VO i g, AR
T 5E e RIEUE N 24n;, .

3.3.2 BEE{E LR

MEME PRI Z, G AEM. ES5RGIREAARXI. &
G115 22 ST T8 H T 00 I B R s v B0 2 P V%G 8 R B ) — ) B R i S SR T
SRR ERZE, RN BRI IE . iR A R R TR, PRI
Wk P g FH IR 7 Ve 2 U S U . (EE T AR B AT T R — 2 S REAE,
ABRAAEEGNEN, 22RO KRS FREXAN R, AN T
OLESCHE R B S R A P B LR 22

T BEATL R 22 RS 40, DRI ooE T A5 B mT DA 2 Ol =2 AR A, ARG
P EE R BRBEAL IR 22, (AR AR BT 7 R—RERE R SIS, 2
EUME G BEARTEER T RENLIR 22, (HHK 2 T 3 ASHHIE, RUL BB A R
R 22 1) REFE LA Sk B A HAR T 51 ) Zh &SRR o

RIFEE S L— M 1, L S i A B o B2 i %1 4 %% N A
FEHME, oy FinRoR, mBERYTIBINE O, i(RRLui#a0E O H i
fH, 1<i<N. Bblly,, mALTHEOMFRLE CFTHI2/NFJE2/NAMERM
FHI. AL BRI BUG F, DAORIE T AR B AN EONND o 0125 11 A e Sl 48 A
B 7 AT SR A, THBRBENLRZE (3-8, 3-9):

Yi = B yM/N (3-8)
M = CL /N (3-9)

FLUR, TR 145 51 38 & b Sl B d S8 N mT 58, (R Y, i Sk b3

I AU ECE A ) sh AR, BREME RSBy, . (X3-1D):
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Yk = Ye Mk — Mk (3-10)

3.4 ET UM ETBEF R ARG RFN KB I S HERR

FE R PN o, ASPREUM RS ALK 0 SN Bl HEAT 1 25 i L RN R
B BEMESEAZIE TR, SER 7 BdlEmla Rr=Eil o W . 1258 B AR 13
B 7 EHA RGN R AR, KA R A& E S sEBdE i e] DL e B iR —
PREESFUHI H REAFAE, B3RS B A REER . HAESERR TRE b, K& @ HACKR
IRV REAEEE, @S B oA R R SRR, WARMESREL, A/ NIRRTk
Je B RE A S 0 B 4 o 4 S A T R G OB R R AR R AT HEIT, SR T VE 2
KOH %, %7751 DUt 3, fe (A PR A R g A\ 2800 A 2 7 - KOH
BRI GRS NEC 3-11 PR, B8 T =8 aAMRERR: (1D SBAHE:
(2) BRATS: (3) MMRE.
y(x) =nx,0)+ §(x) + € (3-11)
Hodr, xFoRmIN AT iR AR B, BRSSO, 037 7 SN ) ok
AR, BHnHREER. NREESE, y)RmWIE, nlx, 6)RaEME,
S(x) LR LM 5 B AR 2 [E 2 5, BIBA e, eRom il iR 2%
£ bR KOH HEZEH, 1(x, 0) 18 (x) 7359 FH e o R [l AR A ke d ik o

3.4.1 DIRTHrHERR
3.4.1.1 DURHTHER

LT B T 2 0 8 G 0 — 7 0, 5 1A FE L 47 B, 5 B 2 (%
FEAN IR SR f5, FH SR S NI MEER (G5 REAH RS 5L
Baar, FHEASEINR) AR S CEUIEE SRS ) B4R, Dt
HEWT BT LR RS E bt

P(6ly) = 2292 o p(y|0)P(6) (3-12)
P(y)

Hr, PO|y)2SH075 B AR 5 K IR P(0) & AR FEIEYE B
BRI R P(y|0) R URREL, ISR R BUHIA T 2 58 ) A8 A [R) Y
HHEAT, 1592045 2 WINAE AR, — 8n] LB IS B AL AUOR R 2, BIAR RABLAA
iR R ENSHGEATA . P(y) RWINME MR, BT S5AHENA &0k,
— % A] DL . TR Ve, ORI RFHEN AR &,y BN R AL
¥, BUREFEHPE .
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[FIGF R A0S0 EHUE B BRSSO  REAE R 1

FE DU HE T eh, S8 B IRMER  AER EE A A, Bk T AT
TSR FIW, 038 FEUE T FE A RRER) 70 A1, 38 8 AR 98 20 50 i AR i 70 3K
B, WA RZ IRl T S8 Bob o —BOR U, SeleMEZR 73 A7 mT LA
RIE SR FIRN Z F 5 N —=F: 985 B85 (Informative Priors) 15515 5 /65

(Weakly Informative Priors).
(1 fE 805k

FRHEN AR B O (1) Je5m Fn iR — Ok B A Ll s e e iR R o T AR VR 7T N
7, FTLO H AR @S HEAT I R BRI E 1 HEN AR SO 650 70 AT o B IRAT T £
HEMAE RO —E M) Ty, FERT 15 Ba Sk, JF HaER
UEEAE AN WG N, AT DA AT — O 58204 4R 9 =4 A4l R Se 56 o0 A, SEIR )
JE 3 AR DU ST a0, dn SR AR R AR SR T B 2 Bl 1 R R AT
WA ESGE I8 BT TS 1) )5 96 AT AT DA DN A TS A ) S 56 o F IR A A 8
5 AT BB — AN RBCAS BB AN 2 TG B Y Ll R, i o0 /i AR i it
SRS SRS AR, B4 01 J5 5670 A1 kS BRI IR T s ez,
RATIHEEEAE A %, 848 5 AR SO AN SR A 0, 01 JE 58 o A
B ERAG . B H 2 HBEER, R 70 22U DU SrE T LIS A
HIRCR .

(2) 55915 Bk

55915 BRI R TR S EH AT LB AUE , DADT 1RSSR LA AR B
e AHEE T 55 B e, R 595 B Jai015 2 i) 45 2R 5 2 59 IR a3k IS
B, XAERT BABS 1R 2650 F1iR B T8 2% 1 ad 22 N O 3R Wi x Jim 56 70 AT 3 i 2
BAEX MBI, 5515 B ale 75 258 2 IR IR SCFF, v 7RI RS I 5 50
IRAT, SeR AT T EAE R A S B AT IR, X R R R .

Zx FRTR, DIMHRHERT 2 45 A T RIS AR AR IR S B SR G AR, 4k
AT S5 AR LRSS I, AT LUK S 300 Je 38 40 A v B A B 5858404, 5l an
Ji EBUNES AT Rz, W7 2 RIS UE S, XA R E S5
A — NS B E B AneRs SE 56 0 AT T B R — DX TR A B2 50 A

3.4.1.2 DIRTHRHERT S 38 52090 B BB

P2 Z N, DU 7 J5 56 0 A AT AT R e 4E ARGtk 1Y), AR MESK AT A
PRI 5 FH B 7 9252 8 B8 D7 R0 a3 70 A idE AT R, R4 31 S 800 s 56
BB R AT o Pl I 7502 S /R BER BE- 524 R W R A% (Markov chain
Monte Carlo, MCMC). MCMC J7 ¥ H SR R 3 — R TE ISR, X KITIEN)
5 RN SR T B 2R BERBE A A RIS R o Sy /R A R B2 BN 1) LA Teid 12
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77 ANIEA I BEN LR, BN R A] Rt o T R ] Rt Rk — AN T R ] R
PR Fe AL 2] 5 — N IRES R R G T RS HET— RS, AR B REA
SRR AU, SRR R i B A ML R S A kB s b 1) U A
MCMC 7724 Metropolis-Hastings 537, Gibbs H.%A Hamiltonian 54 % H
2. MCMC BT SORYE, BBV A REA, ARG MR AR — U 3% B3 R ok
EIFGREAR . HIFARFE I MCMC Bk — 1. ST SE 2 R R
A, TETYE, W Metropolis-Hastings 527511 Gibbs 574 1] B 75 BB KB ] 74
REWCSR R H Aoy A, 32 B IX S 7 VR IR BB LI Sh IR R S 4] . Al &
OB IESL T A B HUY, Hamiltonian 345 R7& B R H —Foeb A5 Bk fnid
WSO R, BE AL, EH T2 4ESHUE N . HH (A Hamiltonian Z245 R
WEVEN B E WA S, B KRAUPH, EEAME LS SREIRNNE A
JE N B . ASCRAIM 2 Hamiltonian 5245 RVE I — R, FRH No-U-Turn
Sampler (NUTS). NUTS [{]— M ri A 77 245 @ AP KA EL, BkaT LLse
I BhAEE[122]. FIWEREE 21 S EUE R MCMC R EZE 3, HAl—M#&
KA Gelman[123 148 H & E IS FRVR CELBI4E/ME43) SRAIKT MCMC 15 =2
BRI, HitFAUA[124]:

VR= [t il (3-13)

axgw
e, gRABRIGRFEERIAL, @ TR EF I, =gl
WFIE I 22, WRgANF R 210 . B MR T S 50
VRIE, #HEET 1 MFR %S5 5 % o0 T8 124] -
ERZHIHEW T, B MCMC P B SHUG W4 17 R IES A, UG5
SARHIIEG = Ely) = [, 0F (01y)dONRAII S HAbGTHE[122].

3.4.2 SN F=EEYT

FEA PR, S N4 E S RAUE RS 5 &R (x, ©) A1 AN A& IR 22 IR
FRERE (o) FB P ey I A [ VAR R SRR o ey B A ] VAR TR R L 8 o ) SR —
FLL12]0 XF T — BRI GE TR, AT B 2 B B e 8 f () BRI, il
HHERRRZLMER R IR ZIRREOCR, RJE R R 3B RS 2 s 5
ZHUE . TR RN, EIFBCA X R UL U T BRI RIE , 24
BN NBEN AR . T e S R R AR e R A R . i
REFRE S SAE S, (A B 16)) B AT RR 2 AN BEN AR R T4l s B HLIE AL,
Wi RE AR R BEN LA B I R 2 & IR & 0 A # IR A 22 4k IR 25 A, i R AT
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HEEAED 5 22 bR e AR oE » 107 22 PR BB SRR A% R 80k (o, ") o 3RATT— LA
eI R A IME DY 0, DR EWLIIE 22 18] A3k 22 A P HLA pR i 0 . % R U T
HAT LR, HA s F 2R A5 A% R 8 (RBF Kernel):

—(x—x")?
212

TR R, RN ZEHRe? e, R M HEr, A
(e, x VEUERKAE, BIF(x) S fOD)MMER; Rz W R axAflx M Z Rz, k(x,x') =
0, BIf()5f(x)AFHRK,

P E it FEEA A, S E (X, Y), X, Y58 n 4244 &,
2 TRINAE BT I A8 B, T N By, o RBY IR & IR 0 AT, A

k(x,x") = o%exp[ ] (3-13)

Y~N(0,K) (3-14)
k(xy, x1) k(g x2) e k(xq, 27)
K = k(xg, x1) k(xg, x3) o ke(xz, 2p) (3-15)

k(x;;;xl)k(x;,.xz) k('x"n,xn)
BN SR NI EY Py, & 55, ENTERFERMNBEEEG IES S, T2

f:
MG (316
K, = [k(x,, x1) k(x,,x3) ... k(x,, x,)] (3-17)
K.. = k(x,x.) (3-18)
ATLAR
V.|V ~N(K.K~'Y, K., — K.K"1KT) (3-19)

M (3-19) T LA R A R AT 210 U1 43280 0 UL AR — s O B
TR A, H T 98 A A3 A R SO 8
L SRR TN, SR A BLEE 3 51 I R SN . 4 Fy A
TR IR KT SRTRSE A T %K., — KK KT

3.4.3 KOH %

YT —ANESER IR, LR R (x, ¢) BB, He R B
RENZEL tHEAENO, AA6FEE R L KOH 5K 15 . KOH 4% 5t Marc
C.Kennedy 1 Anthony O’Hagan $& Hi[110], 1% /7% A DUH-3r s #ON A,  F et
A FR BH EL A TR R (o, 0) PR 5 LS B 2 [A] )R 226 (x) (3K 3-12),
W T B ) S BOR A T . Horp

XN TAFERGRE, SREAEZACEWNR®Zem 5, A:

y&x) =nx,0)+ € (3-20)

BtelRMIER A, e~N(0,0%), MLy(x) —n(x,8)~N(0,02), TEHM
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GRERHL
LyIn(@)) « exp{—3 (y =@ (y —n@)} 32D

e, y= @0, y(2), .,y )" 1(8) = (e, 0),1(x2,0), ..., (X, 6))7
nfim74) %U@MJ@%M&JMEE@/\%I =, A P 7 50, 2, = 02 I,.
RYE DU E R, m(0]y) < L(y[n(0)) x m(8). iXHm(0)Z0H5E% /A0,
% () ~ N(0.5,0.25%), HABAOKI G4 N:
m(0ly) < L(y|n(8)) x w(6)
o exp{—= (¥ —1(8)) 25 (y — n(8)) - s (00597 (322)

W (O) LR, IAm(6]y)nT LA 5 P H TR, (EX T AR
WARNE, @R AMBRESIEZ RN R EERIFLERR, FIXERH
3.4.1.2 FHRAFEH MCMC 75T H O 1 5 56 5045

7E EiR i R b, RN (x, ) £ — AR FE L, KOH 2 m il 72
[l YA R SR AT RS . — AN LY 1) o Wi AR HH B T R G, ) RO 7 2207
FECov((x,b), (x', t")ME—HiE . MHE KOH ¥, HWE Ty, OB AR —AH
B, o EFERAWM TR (RBF i ZH):

Cov((x,t), (x',t") =
1 n ! l n ]
7, SXP {— et B X = %" g = Xpr oy By It — ik’la} (3-23)

St xRp B R R A L E B S 6], .. ],
TS B A R 240, ot S TR R BT T S 4 Jﬁbtﬁ%ﬁ%ﬁ
T BB e eI A, TS AR UL e BEoR R 58 0 A .

BAEBWIMAE Yy = (v(x1), y(x0), oo, y e, ))T AT S HLAR B AL LB () =
M1, t0), (x5, t3), o, NG, ) THHATERS, 58]z = (T, )T, BN S
HN(x1,0), (x2,0), e, (X, OFI(xS, 1), (5, 85), ooe, (i 1) o THE, ST T 2HILLIR PR
AOSE

L(21, 1, 2, B, Z,) o |2, 2exp{— 2 (2 = tla) S5 (ptlsm)} (3-24)

n=5+(2 ) (3-25)

Hort, Lyymon + m#ER AL & Sy 0En x ndE1IP 77 Z56 8%, £, = 1,/Ac.
%, AR (323) REHI(n + m) x (n + m)HEHs Iy 2R

E B Mt ez b, KOH X — 25 Bt AU 5 1S 72 2 A )
MZES(x), FFH AR S H R A A AT E s, HIERECN 0, W7 2 w3l
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Cov(x,x") = iexp{— Y _ Bl lxy — x' | *8} (3-26)
ZIEMZES ) MR R 50 (3-24) E—5, XAUNAETE,:
_ %, +35 0
2 =yt ( "0 0)
TR (3-26) RIFMIn x n4EPr 7 ZFE R .
s AR DU 7 5 2SR R ASr I 2 00 A0 HAth e 2 80 I 9 o0 A -

(6, 1, 2y, A5, B7, B%|2) o

(3-27)

L(z16, 1, Ay, 25, B", B°, 2, )m(O)n(W)m (A (As)m(Bm(B®)  (3-28)

KT HESH R (W), w(4,), m(As), w(BM), w(B%), HEEHu =0, 5
ANSCHR[113]R a7 HAE S B S5 8 AR

Ay~Gamma(a = 10,b = 10) (3-29)
As~Gamma(a = 10,b = 0.3) (3-30)
Ae~Gamma(a = 10,b = 0.03) (3-3D)
(-£)~Beat(a=1,b=03) (3-32)
)
(-£) ~Beat(a =1,b = 0.3) (3-33)

RE N RO R SEI A, 58RI 9915 B, MRIELK B SSE
BOE T, Heop A e BN 51 70 A1 o

3.5 KE/N

IR A I BEAE R B A PN TRIE , — 218 I I R B T B S S R AR
ARGURIR SN, 28 REAR R 34T TH A 2R s, 5 2%
AP, SEIEE B S U SR Se bR FHRETS DL, (HAEEAAAEIRE . RHES,
I B R ER I T B R BN T, RERBIREATIR, FHARSBTA L
DU SR RENG D05 1Mo F BEFEAS AU U et v AR K B S ) BREAS 2L A
EESFRAUARAT 00N A FH RS 1, (EZ H T A A S B AN € DA SRR A B fg A
e, THEAE R BORRERUAERA I S IR BEFE AR AL S, (BAEAE S SEPMEAE RS
T2 o

BF EIREOL, ARTEATHE T FioRe SEIN A AR B AT Al 1T,
ol ACERRRL” R PSRBT R ARTE S MM A, A
R BEAE T2 B s TR AR B UE I, PRI — > S8 BE I SR e A5 U2 I 1% e 4 T
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SR (D) R RN EFIRAGE, (20 @FREFEN [RIFFHIE, WY
B I HEGER HE LRI . BTNy, R ERE - SURREL T,
BB (TR RS SRR i SR RETS D0 A2 4 1) C{EL R AN 2 PR A A
£, WERRAAEMZED . H AT B @3, HOCRAAER RN, &
R E R BRI E, Mo REEREN T RGBT AL, CRE R
THE. EARTFHEIER S FRAER T, B G2 X R REAF R K, H
A DI RERREE I A, o SL AR, AR o S
BEATIZIE, EEREAI MR U, R 2 18 1k 0 S S o d 314
TR REAE S AL B HEAT HED, T2 SR T DU G, 45 & TR S B AR B0
B g A AN R S DN A 15 B BB R L RS MCMC J7 i 13 B oc i A2 B 1 5
WA, 65 AT TR A R B A R R HENE . RS ERR A e, A5 2
TIZERM s B RS B R A S ML RETG DL “ARERRA” , TR RT D
T AREEAARL o2 S AR I [ A  a] A P AT RE SRR, 1985 R B
B, T JREHR G REAEE R R .

=l
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BIE BFTAERBERMSEARNLEIE

4.1 #hk

b FE AR SRR A SRR SR B AT T VRN IR, 1K sl
B AL A 8 I IR AR R 7 A EAB 1 CLBR B HERR 1, B ORE S 20
SETERIEAE . FEARTAT R, FATR PSR A A7 BEXS R Hodhe i & 5 72
MPAT AR AT IR, IFRIESIRR AT 26— D REIP R FOR A T35
[ AR BT (DOED A ) fe b i St AR R e[ 11570 SX MR BRI IF RN T 3
Fr ok E G AR HER 1€ , AR TP A0 16 IR ML 5O (. K.
o NRIp A RE, MNLEE, IR, K. DNAEENE, BUESE, RAESHGE
FF T BT R, DS 1200 e o A TR SR AR S s UL AT e 4 )
AT o B — A S BIR i SR S R SRR AE B R N I REREIE NI T R
FERBIUMAS 2 1 BEFERCE B N D9SN o o (i A A SR AR sl il R X —
NIREBRAS B B S Bd T e Jm SRl A, RIS < AbE A fE
FRANEIEAR 2 Oy “ KA ST~ , SR« KBS S B~ iR AT LR P
(1) REREARREMESL M RERERE QRN RIS SR A a ATk
(2)  METHEKSSEHE,  “EUSEE” RistEE s, gEp 20,

FOSARURL L AT L B

AN EBIEI T B IRET MRESARAE I HE GGEE SR SO B Ok
PRV A SR BEEAE S b AR 5 T W B RCR A E

42 ET “BRUSNEE" fIRRE BIAWIE

4.2.1 1RB K B iEmIA

TIPS AR AN 4.1 P, BT AR N 13345m?2, #F — 2, #i FoS)E,
SIX AR T E FX . KE WHET . i R&E. Bh. BT 22
J74, HAARRISHEENE 8 Fin. L 4-11 A0 61 AR RIEHE AN 7%
B MR 2GR« RERLSI A W 4.2 I SH ERTE 5 A H RN T
AR G S AT SEBR T O, SR E Rl B A R

EARZE Y, CHMMSHAUFEEFINESH. SHRREE. AAFELE .
NEH AR . N RE ., MBI DI ZRE R, HARSEOR A, Horp 75 BRI AR 1o
PR B AL B XIS 28 (INFIL) | A WL RE 2 20 (COP) A4 B8 iR 2 (SPCD o
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4.1 EREEFERLASME

* 8 BEEFARESHRE

GBS ZH L EREE LA
B#HFSME wHEtt b 26 %
wWhELL (FE) 36.7 %
whath (50 245 %
wWhELL (P 24.5 %
AR 13345 m?
JEH 7
BERH 0.56
Bl ST HhhEAE TR A 0.698 W/(m?K)
5 A AR 2000 J/(kg K)
BTG AREL 0.228 W/(m?K)
HW PR 3.064 W/(m?K)
(GRS N R IR E S e 0.244
LN R T 0.7
JoE THUR PR S R S 3 0.7
ZRRA RARGHA 2 7 R P RHTLAE 8 I U &
g, oAb AR AR B R 5t
1 AR 12.8 °C
KR GHA — A ERE AR E
2 YA VR K KR B 7.22 °C
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#AH1 COP 5.7
IKRRFH 0.9
KA 0.6
EREAT 2R A BE R 24 °C
7 A R E T 21 °C
R BRIy Ze s g 12 W/m?
N VB R 0.125 P/m?
A X 0.0094 m3/s/P
R NBIER 0.3 ACH

1.2E+10

1E+10

8E+09

6E+09

4E+09

2E+09 |

0

4F11H 5H1H 6H1H 7H1H 8H1H 9H1H 10H1H 1171H
FSRORANLERESE (3D e TINS5 (AT 75 A HL L RE RS (DD

4.2 BEZFERDSIEMBIER “EMNEERBIRE"

422 BREFET=HEN

RYEE 3.1 g5 B R & FRRAE, B e 200 A AR S S R AL AU AR
A, PR e EE T A A QAR A A B A R UL Sl ot 7 1EAT 22 UGRACRT Rl &
Bk,

4221 RIBRBIPES
I L AR AR AR f S A B 2R — B h BT B S A AL, BEAVANE I 4G
S E WK 4.3 FIZR 9 Frow, B R AN 45 04 & H 3D 24 T BAR i AR L 40
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O 4 5 @AM REREEERE G FE M RAIE

W R B ESVLECE RS . ARYE 4.2.1 MRS, BASMES B2 R R 5
RALL VIR E . NESB NERE ORI, DX SRS A — 5, HoRx
SRR IR AW BN, AR LA BT 545 2R QBB R e ML R AE LI 4.4
ATUVEH, BT S ECRE R, B DR R ERE L5 5 7 H (R AN I 7= 1)
“ REANSEIN A " M ERCK,
HARZ B RA Ao R R e 5 H SRR R BEREHEAT LU, AT DU I 2 4L
o BARBEAR 2 R BOR, (BHAAES WAL, X PR BRAE | E—FE g
A “RAUEEE " I S EE RS

4.3 RIBRAGZIIMNE

* 9 EXERESHRENKEBERSEIRERLL

“HEA SN EcHE B A BB A T SR R N, I

P 2 SRR EUE RER B IHEE i:-¥ A
wiEH (b 26 25 %
whEEL (FE) 36.7 30 %
wHEH (5 245 25 %

2H
wHEEL (P) 24.5 25 %

ViviA

AR 13345 13345 m2
EH WH—Z, W ENE | F—F, HExNE

HiER 0.56 0.5

SR AL A R AL 0.698 0.75 W/(m?K)

5 Al M 2000 1500 J/(kg K)

S5t JE TR # Z 4 0.228 0.2 W/(m2K)

AT YL AR AL 3.064 3 W/(m?K)

AR | A AR SRR 0.244 0.538

AR IR B 8 S T U R 0.7 0.7
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J& UK BH 4 I e R 2K 0.7 0.7
RN RS B R RHELE I | % 55K KA LELE D
ARG, HAhEE | AR, HAhEE
KRR E RS KHZRE RS
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#ERRF
import os
import pandas as pd
from eppy.modeleditor import IDF
import matplotlib.pyplot as plt
from SALib.analyze import morris
from SALib.plotting.morris import horizontal bar plot
import SampleGenerate
import IDFGenerate
import OutputCollect
import RankTransform
from sklearn.preprocessing import StandardScaler
from sklearn.linear model import LinearRegression as LR
import PRCC
dirname, filename = os.path.split(os.path.abspath(__file ))
os.chdir(dirname)
bld_func = 'Hotel'
weather_file ='CHN_Shanghai.Shanghai.583620 CSWD.epw'
sampling method ='LHS'
LHS sample num = 3000
Morris_sample num = 300
#generate samples
if sampling method == LHS"
ds = SampleGenerate.sampling LHS(num = LHS sample num)
elif sampling_method == 'Morris'":
ds = SampleGenerate.sampling Morris(num = Morris_sample num)
## Sensitity analysis
## Morris method

if sampling_method == "Morris":
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ds = pd.read_excel('param_values_morris_real CR.xIsx')
ds1 = (ds - ds.mean()) / ds.std()
param_values = ds1.values
problem = SampleGenerate.Morris_problem
Si = morris.analyze(problem, param_values, output, conf level=0.95,
print_to_console=True,
num_levels=8)
# Returns a dictionary with keys 'mu’, 'mu_star, 'sigma’, and 'mu_star_conf'
#e.g. Si['mu_star'] contains the mu* value for each parameter, in the
# same order as the parameter file
fig, (ax1, ax2) = plt.subplots(1, 2)
horizontal bar plot(axl, Si, {}, sortby='"mu_star', unit=r"kWh/m"2")
## regression method
elif sampling method == 'LHS":

ds = pd.read_excel('param_values LHS real CR.xIsx')
ds['output'] = output
# rank transformtion
for i in ds.columns:

x = ds[i].copy()

ds[i] = RankTransform.transform(x)
# standardize
scaler = StandardScaler()
ds_scaler = scaler.fit_transform(ds)
## calculate SRRC
X=ds_scaler.loc][:,:-1]
y=ds_scaler.loc[:,-1]
linreg = LR()
model=linreg.fit(X, y)
SRRC = linreg.coef
plt.figure()
plt.bar(x = ds.columns, height = SRRC)
## calculate PRCC
PRCC_matric = PRCC.partial corr(ds.values)
PRCC = list(PRCC_matric[:-1,-1])
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plt.figure()
plt.bar(x = ds.columns, height = PRCC)

#HRPEERF

##Hgenerate sample for sensitivity analysis using both HL and morris method
import sys

import os

import pandas as pd

import numpy as np

from SALib.analyze import morris

from SALib.sample.morris import sample

from smt.sampling methods import LHS

dirname, filename = os.path.split(os.path.abspath(__file ))
os.chdir(dirname)

# name of initial variables

names = [NWWR', 'SWWR','EWWR', " WWWR','AREA', 'NL', 'CR', "WALLU',

'WSP', 'WSA', 'RU', 'RSA', 'WINU', 'SHGC', 'SPC', 'SPH', 'LPD',’OPD', 'INFIL',

'FLT', 'GLT', 'CLT', 'ST']
# Morris sampling
def Morris_problem():
problem = {
'num_vars": len(names),
'names': names,
'groups': None,
'bounds': bounds
}
return problem
def Morris_sampling(num_levels = 8, N_morris=300):
problem = Morris_problem()
param_morris = sample(problem, N=N_morris, num_levels=num_levels,

optimal_trajectories=8)

df param morris = pd.DataFrame(param_morris, columns = problem['names'])
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df param_morris.to_excel("param_values_morris.xIsx" )
return df param_morris
# Latin Hypercube sampling
def sampling LHS(num = 3000):
xlimits = np.array(bounds)
sampling = LHS(xlimits=xlimits)
N_LHS=num
param LHS = sampling(N_LHS)
df param LHS = pd.DataFrame(param_LHS, columns = names)
df param LHS.to excel("param values LHS.xIsx")
return df param LHS

HIE R A R T
import sys
import os
import pandas as pd
import numpy as np
from eppy import modeleditor
from eppy.modeleditor import IDF
import math
def Layer Allocation(area,nl,func,A0):
zone = pd.DataFrame(columns = ['layer','function’,'area’, 'ratio'])
Ar=A0  #ARUCRI I IZAR 2 R R T AR
ji=L3n=0
r=0
for i in range(len(func.index)):
sub_area = area * func.iat[i,1]
while j<=nl:
if sub_area == 0:
break
if Ar <= sub_area:
r=r + round(Ar/A0,4)
zone.loc[n] = [j, func.iat[i,0], Ar, r]
n=n+1;j=j+1;r=0
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sub_area =sub_area - Ar
Ar=A0
continue
else:
r=r +round(sub_area/A0,4)
zone.loc[n] = [j, func.iat[i,0], sub_area, 1]
n=n+1
Ar=Ar - sub_area
break
for i in range(len(zone.index)):
if zone.iat[i,3] > 0.95 : zone.iat[i,3] =1
return zone

def generate idf(NWWR, SWWR, EWWR, WWWR, AREA, NL, CR, WALLU,
WSP, WSA, RU, RSA, WINU, SHGC, SPC, SPH, LPD,OPD, INFIL, FLT, GLT,
CLT, ST, func):
iddfile = "Energy-+.idd"
IDF.setiddname(iddfile)
fnamel = "E+RefModel/Ref Model.idf"
IDF.setiddname(iddfile)
idf T1 =IDF(fnamel)
#add zones
A0 =round(AREA /NL, 4)
zone0 = Layer Allocation(AREA,NL,func,A0)
zone = pd.DataFrame(columns = ['layer','function','area’,'ratio'])
for j in range(len(zone0.index)):
if zone0.iat[j,2]/A0 > 0.05:
zone = zone.append(zone0.loc[j,:])  #E AR /NI X 3K
zone_idf =idf T1.idfobjects['’ZONE']
for j in range(len(zone.index)):
idf T1.newidfobject('ZONE")
zone_idf[-1].Name = zone.iat[j,1] +"' '+ str(zone.iat[j,0])

#relate building compactness to geometry type 1-5
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HERZED K 16 N, HRIH SR RIARKIIR, SMARIRIESEL sigma 2: — )2
JAK/sqrt (—)ZTHFV16)
Geo_type p =[16,20,26,29,34]
sigma = (CR*AO0*NL - A0) / ((3.3*NL) * (A0/16)**0.5)
delta = [abs(c-sigma) for ¢ in Geo_type p]
Geo_type = delta.index(min(delta)) + 1
CR real.append(((A0/16)**0.5 * Geo_type p[Geo_type-1] * 3.3 * NL + A0) / AREA)

return(idf T1,CR_real)
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#I AU B 5 1E ST B
import pandas as pd
import os
import numpy as np
import matplotlib as plt
dirname = r'E:\01-Phd\01-SimulationEngine\02-Process\03-Integration\TestwithSimulation'
os.chdir(dirname)
data field = pd.read_csv('HotelChillerElectricitywithNoise.csv')
data_simu = pd.read_csv('HotelChillerElectricityNoNoise simulated.csv')
data_obs_para = pd.read_excel('ObservationParameter.xIsx")
def Outlier Remove(data_outlier,data_smooth):
k=1
for i in range(len(data_outlier)-1):
delta = data_outlier[i+1] - data_outlier[i]
delta base = data smooth[i+1] - data_smooth[i]
if abs(delta) > data_outlier[i] * 0.4: #data_outlier[i] * 0.7:
k = data_outlier[i]/data_smooth[i]
data_outlier[i+1] = data_outlier[i] + delta_base * k
return data_outlier
def Noise Remove(data noise, data smooth, N):
k=1
A=[]
for i in range(1,N):
A.append(i)
for i in range(len(data_noise)-N):
k = data_noise[i]/data_smooth[i]
mean_noise = sum(data_noise[i:i+N]) /N
mean_smooth = sum(data_smooth[i:i+N]) / N
data noise[i] = mean_noise + (data_smooth[i] - mean smooth) * k

return data_noise
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def get sample(df):

frames = []

for i in range(24):

frames.append(dffi*10+2 : i*10+3])

df sampled = pd.concat(frames)

return df sampled
data processed = pd.DataFrame(columns = ['Outlier Removed','Noise Removed'])
data_outlier removed = Outlier Remove(data_field.iloc[:,0],data_simu.iloc[:,0])
data_processed['Outlier Removed'] = data_outlier removed
data_noise_removed = Noise Remove(data_outlier removed,data_simu.iloc[:,0],6)
data_processed['Noise_Removed'] = data_noise removed
data_field.iloc[:,0] = data_outlier removed #data noise removed

data_field = get _sample(data_field.join(data_obs_para))

HREZ BN

import numpy as np

import pystan as ps

import pickle as pk

from matplotlib import pyplot as plt

import seaborn as sns

import os

import pandas as pd

# read in field and computer simulation data

o0s.chdir(r'E:\01-Phd\01-SimulationEngine 202003 12\02-Process\04-
Integration\TestwithSimulation\daily\5 para to be cal')

DATACOMP = np.genfromtxt('DATACOMP 5p 20.csv', delimiter =",', skip_header=1)

DATAFIELD = np.genfromtxt('DATAFIELD 5p 20.csv', delimiter =",', skip_header=1)

y = DATAFIELDV:, 0] # observed output

xf=DATAFIELDI:, 1:] # observed input

(n, p) = xf.shape

eta = DATACOMPJ:, 0] # simulation output

xc = DATACOMPY:, 1:(p+1)] # simulation input

tc = DATACOMPY[:, (p+1):] # calibration parameters

(m, q) = tc.shape
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x_pred = xf # design points for predictions

n_pred = x_pred.shape[0] # number of predictions

# standardization of output y and eta

eta_mu = np.nanmean(eta) # mean value

eta_sd = np.nanstd(eta) # standard deviation

y=(y-eta_mu)/eta sd

eta = (eta - eta_mu) /eta_sd

# Put design points xf and xc on [0,1]

x = np.concatenate((xf,xc), axis=0)

X_min = np.nanmin(x, axis=0)

X_max = np.nanmax (X, axis=0)

xf= (xf - x_min) / (x_max - X_min)

Xc = (Xc - X_min) / (X_max - X_min)

x_pred = (x_pred - x_min) / (X_max - X_min)

# Put calibration parameters t on domain [0,1]

tc_min = np.nanmin(tc, axis=0)

tc_max = np.nanmax(tc, axis=0)

tc = (tc - tc_min) / (tc_max - tc_min)

# create data as dict for input to Stan

stan_data = dict(n=n, m=m, n_pred=n_pred, p=p, y=y, q=q,

eta=eta, xf=xf, xc=xc, Xx_pred=x_pred, tc=tc)

# run model in stan

model = ps.StanModel(file=r"E:\01-Phd\01-SimulationEngine\02-Process\04-

Integration\TestwithSimulation\daily\bcWithoutPred.stan")

fit = model.sampling(data=stan_data, iter=2000, chains=3, n_jobs=1)

# plot traceplots and posterior probability histograms

fit.plot()

summary_dict = fit.summary()

df = pd.DataFrame(summary_dict['summary'],
columns=summary_dict['summary_colnames'],
index=summary_dict['summary rownames'])

# extract predictions, excluding warm-up and

# extract posterior distibution of calibrating parameters
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tf = fit.extract()["tf"]

tf = tf * (tc_max - tc_min) + tc_min
sns.set_style('darkgrid’)
sns.distplot(tf]:,2])
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antecedent consequent
antecedents consequents support confidence lift leverage conviction length
support support
frozenset ({" Area 2’ }) frozenset ({" CTF 2’ }) 0.43 0.74 0. 35 0. 80 1.08 0.03 1. 30 2
frozenset ({" Area 2’ }) frozenset ({" ChillerType 0" }) 0.43 0.91 0. 43 1. 00 1. 10 0. 04 inf 2
frozenset ({" Area 2’ }) frozenset ({" FanEff 2’ }) 0.43 0.78 0. 35 0. 80 1.02 0.01 1.09 2
frozenset ({TCOP_1"}) frozenset ({" ChillerType 0 }) 0. 30 0.91 0. 30 1.00 1. 10 0. 03 inf 2
frozenset ({" COP_2’}) frozenset ({" ChillerType 0 }) 0.48 0.91 0. 43 0.91 1.00 0. 00 0. 96 2
frozenset ({ CTF 2’ }) frozenset ({" ChillerType 0 }) 0.74 0.91 0. 74 1.00 1. 10 0. 06 inf 2
frozenset ({" ChillerType 0’ }) frozenset ({" CTF 2’ }) 0.91 0.74 0.74 0.81 1. 10 0. 06 1. 37 2
frozenset ({ CTF 2’ }) frozenset ({" FanEff 2’ }) 0.74 0.78 0.61 0.82 1.05 0. 03 1.23 2
frozenset ({I CTF_2’ }) frozenset ({T INFIL_1"}) 0.74 0.74 0.65 0.88 1.19 0.11 2.22 2
frozenset ({" INFIL_1"}) frozenset ({" CTF_2’ }) 0.74 0.74 0.65 0.88 1.19 0.11 2.22 2
frozenset ({"LPD 2’ }) frozenset ({" CTF 2’ }) 0.61 0.74 0.57 0.93 1.26 0.12 3.65 2
frozenset ({"NL B 1’}) frozenset ({" CTF 2’ }) 0. 39 0.74 0. 35 0.89 1. 20 0. 06 2.35 2
frozenset ({ CTF 2’ }) frozenset ({"SPC 1" }) 0.74 0.70 0.61 0.82 1.18 0. 09 1.72 2
frozenset ({"SPC 1’}) frozenset ({" CTF 2’ }) 0.70 0.74 0.61 0.88 1.18 0. 09 2. 09 2
frozenset ({ WSysType 1" }) frozenset ({" CTF 2’ }) 0.43 0.74 0. 39 0.90 1.22 0.07 2.61 2
frozenset ({" FanEff 2’ }) frozenset ({" ChillerType 0" }) 0.78 0.91 0.70 0.89 0.97 -0.02 0.78 2
frozenset ({ INFIL 1’ }) frozenset ({" ChillerType 0" }) 0.74 0.91 0.70 0.94 1.03 0.02 1.48 2
frozenset ({"LPD 1’}) frozenset ({" ChillerType 0 }) 0. 30 0.91 0. 30 1.00 1. 10 0. 03 inf 2
frozenset ({"LPD 2’ }) frozenset ({" ChillerType 0" }) 0.61 0.91 0.61 1.00 1. 10 0. 05 inf 2
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frozenset ({"LR 0" }) frozenset ({ ChillerType 0 }) 0.39 0.91 0.39 1.00 1.10 0.03 inf
frozenset ({NL A 3’ }) frozenset ({ ChillerType 0 }) 0.35 0.91 0.35 1. 00 1. 10 0.03 inf
frozenset ({"NL B 1’ }) frozenset ({ ChillerType 0 }) 0.39 0.91 0.35 0.89 0.97 -0.01 0.78
frozenset ({NL B 2" }) frozenset ({ ChillerType 0 }) 0.43 0.91 0.43 1. 00 1. 10 0. 04 inf
frozenset ({"0D 2 }) frozenset ({ ChillerType 0 }) 0. 65 0.91 0.57 0.87 0.95 -0.03 0. 65
frozenset ({" PumpEff 1" }) frozenset ({ ChillerType 0 }) 0. 30 0.91 0. 30 1.00 1.10 0.03 inf
frozenset ({" PumpEff 2 }) frozenset ({ ChillerType 0 }) 0.61 0.91 0.57 0.93 1.02 0.01 1.22
frozenset ({"SPC 1’ }) frozenset ({ ChillerType 0 }) 0.70 0.91 0.70 1.00 1.10 0. 06 inf
frozenset ({" WSysType 1'}) frozenset ({ ChillerType 0 }) 0.43 0.91 0.39 0.90 0.99 -0.01 0.87
frozenset ({ WSysType 2’ }) frozenset ({" ChillerType 0 }) 0.39 0.91 0. 39 1. 00 1. 10 0.03 inf

frozenset ({ INFIL 1’ }) frozenset ({" FanEff 2’ }) .74 .78 .61 .82 .05 0. 03 1.23
frozenset ({"LPD 2’ }) frozenset ({" FanEff 2’ }) .61 .78 .57 .93 .19 0. 09 3.04
frozenset (LR 1’}) frozenset ({" FanEff 2’ }) .35 .78 .35 .00 .28 0. 08 inf
frozenset ({'NL A 2’ }) frozenset ({" FanEff 2’ }) .39 .78 .35 . 89 .14 0. 04 1.96
frozenset ({'NL B 1’}) frozenset ({" FanEff 2’ }) .39 .78 .39 .00 .28 0. 09 inf
frozenset ({" PumpEff 2’ }) frozenset ({" FanEff 2’ }) .61 .78 .57 .93 .19 0. 09 3.04
frozenset ({ WSysType 1’ }) frozenset ({" FanEff 2’ }) .43 .78 .39 .90 .15 0. 05 2.17
frozenset ({"LPD 2’ }) frozenset ({" INFIL 1’}) .61 .74 .57 .93 . 26 0.12 3.65
frozenset ({"NL B 1’}) frozenset ({" INFIL 1’}) .39 .74 .35 . 89 .20 0. 06 2.35
frozenset ({"SPC 1’}) frozenset ({" INFIL 1’}) .70 .74 .57 .81 .10 0. 05 1.39
frozenset ({ WSysType 1" }) frozenset ({" INFIL 1’}) .43 .74 .39 .90 .22 0.07 2.61
frozenset ({"LPD 2’ }) frozenset ({"SPC 1’ }) .61 .70 .52 . 86 .23 0.10 2.13
frozenset ({ WSysType 1" }) frozenset ({"LPD 2’ }) .43 .61 .39 .90 .48 0.13 3.91
frozenset ({"LR 0’ }) frozenset ({"SPC 1’ }) .39 .70 .39 .00 .44 0.12 inf
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frozenset ({"NL_A_2’}) frozenset ({"0D_2’ }) 0.39 0.65 0.35 0.89 1. 36 0.09 3.13 2
frozenset ({"NL_B_2’}) frozenset ({"0D_2’ }) 0.43 0.65 0.35 0. 80 1.23 0.06 1.74 2
frozenset ({" WSysType 1'}) frozenset ({" PumpEff 2’ }) 0.43 0.61 0.35 0. 80 1.31 0. 08 1.96 2
frozenset ({" WSysType 1'}) frozenset ({"SPC 1" }) 0.43 0.70 0.39 0.90 1.29 0. 09 3.04 2
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