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ABSTRACT

Applying supervisory control to optimize HVAC system operation is an essential
part of building energy conservation. The primary goal of building operation
optimization is to reduce building energy consumption or operation cost, while
maintain acceptable comfort for building occupants. In order to adapt to dynamic
indoor disturbances and outdoor weather condition, effective HVAC system setpoints
adjustment and operation strategies have been research focus. At present, the
rule-based controller and the model-based controller are most widely applied in
HVAC system. However, the performance of the rule-based controller depends on
parameter setting while the performance of the model-based controller relies on the
accurancy of the model. Besides, the model-based controller requires a great deal of
effort for model development and calibration. Thus, a new effective globle control
method of HVAC system is worthwhile to be explored.

Reinforcement learning controller (RLC) is a type of data-driven controller. Its
main features are model-free and goal-oriented. In this study, HVAC system operation
optimization based on reinforcement learning controller is proposed.

First, the algorithms for reinforcement leaning are researched and fitted
Q-iteration algorithm is selected as the main algorithm. Considering the features of
the algorithm and the requirement of HVAC system operation, the application of RLC
is divided into four phases, including: preliminary phase, initial phase, exploration
phase and operation phase. Detailed process of each phase is described. Then case
study is conducted to validate the performance of the reinforcement learning
controller. Cases analyzed include: (1) the application of RLC in variable air volume
(VAV) system for public building; (2) the application of RLC in air-source heat pump
with auxillary heating system for small residential building; (3) the application of
RLC in solar-ground coupled heat pump system for buildings in servere cold region.
The simulation results show that the proposed RLC method for HVAC system
operation can reduce energy cost and at the same time meet the building
cooling/heating demand. Compared with model predictive control, RLC also saves the
computational time for decision making. In addition, the proposed RLC method

requires only little prior knowledge and is capable to adapt to the environment. The
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proposed method is practicle and its application could enhance HVAC system
operation.

Finaly, a tool is developed using Python programming language. User can utilize
this tool to develop reinforcement learning controllers for HVAC system by filling in
the configuration file and writing simple scripts.

KEY WORDS:

HVAC system, operation optimization, reinforcement learning, data-driven,
model-free control
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P T B0 13 B0 e, 2 J5 0 1 R W i 87 FH 78 28 U8 R G s e A ) v
SuntOYEE A2 A5 SR EAN 05 BARAY, AT A1 O RIGR U RE L . BT
PEREBIL I 1 D VAR AR 7 B v R, B RIEH TN i R4,
A HE R i B S PR 7 BECASE R TV T e 200 1 R 0 B S A O 2 5 Sk R LA )
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[Fl5F RS S A ST s o7 2 BRAE 2 1 R Geis AT DAL o 1 BT

T8RO E T,

RG22 R 758 R 2 AN R R S AR AR R 3R AT VR 5 B R B T AR A 1 4
JR P 5 G AT 4 R ) 45 AR ORI 4 JR 42 ) SR o Braunt U B VR & 42 SR 4%
TR T IR E % RS S A s, R 0L 1 &R E i i
M, AN, JRED AR T T VIE, SH SRR H T ik
FALE, PTUARHIZAT 9 A 2% ARG, E i e Uy U0 42 1 S igs m] LS
P I R RCR o (H H BT FE R B 0 A AE U G 85 B AT I8IE, SEFRR
XD

He T G AR R 1) 4 SRR ) 7 VAN 5 S A ST A R U AR G A R R T RS
PR NS o H AT R SR A ) 5 9 E B A TR R R G R T RN T
AL ST T ARl . BT R R G H T ik — SOk U R S TR R, A
PRI AL AT 2 AW ), 38 N A U A Z 8 vl A S AN R L 503t 4T 1
REBET $ 5 5 T RGTRERL . LingM 55 NS0T 13 T2 X RGN 4R 4 T
FE P RG KIREE R BN IEREEBCA IR KGO 3847 9% FH 2 1%
1Ko ConinckMI85 A\ CKE J: TR 42 1l 45 IS FH 76 2% FAK ) 28 10 75 SR e
W LLEFNFREETTE 3.4%. T LRAGHEHITNIERA ST S, FRENER
SERF R, DRI SE R R ) AR g N RO 2 . (S B e ™ AR T L
REN G TREZ S, ARl ISR RAG, ShaS B EA . KT o8
W ST A R AR R TR RAE 1.2.2 W57 VRGN R JT 41

122 BUFIREETHERZFHIMARARIVK

R mAE IR T RAT IS AR P L2, W4, s > e oy N TRHE
B 52 >IN E 2% il S QU AR I T8 A R

SR AL ST BEEE N SuttonlIE L CBRALE I 4) — b an TRk
STHIE SC IR EE 2] A8 — Pl DLl A Bl 9 58 HARFAIE (1 58 LML A% 5 >
Jiike I BN ERIAET R R EL, B 2 2 BRI 213 1
RIS o

Bellman &5 AT 40 50 SEARSEH 135 44 sh AL U5 i T de dee peAz
i i RO, ZhA MRS — AT A HE R R s ST A 50 EAGE . i
2 ST HORAMT A, TR T E 22 ST A o, DO T B 22 S AR B 22 2
JRN T RSLIINLES 2 2] J5 i

e BRSO B A 2 51 5 FA B AT 1 TR0 b . R BL R4S 5B,
AFTFME A IEOR, il AT EH SR IR B, (R has th 2 > 5 — R e



F1E Gk

L AEAR B, BmAFIUARTRHRIEOR, FEXHET IR EZmEE
ARIPIRAS B, A 7 ) R 7R A0 A K PR ERR AR A i SRS AR . =,
SRS ST AN E T BE R RIEOR, BRI E #A L 2 s B 2, (BAEH
NS, REARRFELME RAMZSHE, HARFEHELIA] DLAGTHL
Frdivh, M H RGBSR AU € 1) . AHRAERIZE SIHOR T, IFRA
X EE PR

JEFBUSIHE W B b2 2 75 SE R B B H AR SR AT TEAR 22 IO e R, il RS J i 1) 31
W, 2SR 2 RRR BRI N, RI<4E4oc i il. R AL G b 1R F RS A7
G RENE R CEATIER, JEag T HarbHE e 7 s Wik,

Mniht7145 A $2HY T VR BE 54k 2% 2] (deep reinforcement learning) &%, %A%
AT DLAh P 4R S N, A s 4E S SR U RO Bl R AR T e R TIR A
SR ) AR 715 5 N SRIE R 5 SIS 5 (1) 7 AR AE AL o KB il ik i
TNy RIS BRAL AR ST LT DUA B 5 B ik Bu S A 1 1 /K

DeepMind“®1 s oy UK 5 Ak 27 ) vk i FHAE R L EL 2 b, JF A T AlphaGo
Zero I T AlphaGo, MLESTER JAT5 FHUS 7Bk AR IR I, 51558
15 2T R B TS 2 23 S K BT VR B 7 7 R 22—

B A I AR BE AN ER R BB TCIRN, SR ST BRI N AR 2 1T
oV a4y, BRAG SJBORBORIER 2 I TS 2 3 AR RE . B84
k. BRIV, R REHETE DA RAR 2 AU . JE T Ak 2% ST B e A B R 1)
& — PhECR IS B4 7, B AW S, R R A Bk SRR ) SRR
FEAS 1 0 S 30 En IR IR AL o DRI 5| 1 3820 89F S0 N G e B R AE S 35 R 4t
BRI BT TR 2

Liul#O145 A $ Hh s 32 T 70 () S AR A 42 1) 5 A 20 ) e P e 2 i A 45 45 PR VR
EEEWIITE, Kl S FE N AW E ek i T bt I 5 S
S H77 FEAT TN, FEFE R AT A8 Q-Learning FIEAALERT T = 4ERE
7% [A] 5 2] AT ) 1) L

Dalamagkidist®O1%5 \ ¥ 28 i fh 2 o) HH F RS R Girb, fifil#snr e
SAEFEERANRETEHEMNTFER. ENTAREMTHRARFE, FELEH
Matlab/Simulink 1E A1/ FLERE ] 28 B BAL 2% ST 1) 7 15 5 A% G i JE 45 42 1 A
BOR) PD FZEHIHEAT X EE, S5 IRERMT, e R LR RO 07 B8R I 2R 2 Jm 1) s Al o
> 473 ) 5 P4 o) 2 T At ) 4 428 i) 0 SR R B0 S5 BRI B £

BarrettPUSE A2 H T T omfb S S 5l R4 3 3l ik, JrikiEd s>
U VRPN A I, SRR X e T A .

LiBAZE NP2 T 2 RE SR ) Tk, BN TERE ARG, X
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[Fl5F RS S A ST s o7 2 BRAE 2 1 R Geis AT DAL o 1 BT

T B A0 328 ) S SR i A2, dE 3T Matlab 5 EnergyPlus 56417 B 7 2ty
PR, 52 Q-learning BEAM L, BT YIS SCEEE R T 2Tt
YangP35E A s b 27 > 45 ) 4 P AEAC I g 46 R, J8 3 £ A Matlab/Simulink
BT TAREIRUE, 55T R0 i SR AR LG, S R is il OR g A 8. (|
VR E AT AT LN IF AR5 IR R ) g 1
UrieliB44E A AT Ruelens5185 A 73 JilHe A 50 28 i Ak, 5 5] 039 A0 G A R i 1 2
JEVENHTRET RS, NN RIRIBATE, i 7R R B H g
FHECHT AR R
Costanzol®4E \ A4 i ik, 2 > 45 ) 4 8 F 7E G 0 75 SR v, R id 5 s g k47
TIRUF, BB TR NS S 1] SR NE nT LR 2 90% 1) 4 R s L -
WeilI1Z5E N3 H T IR B Ak 2 ) I 25 R G gl vk, JRIGIE TR0
A5 S B 2R B nT 9 R, (HR FE A 2 2] 4 2 AR AE VI ZR BT 75 R B T o 1) 1)
i
V&quez-CantelilS81%5E N\ Kt & 5 A0 2% ) B9 N H T IR fif Ae /K FE 4 R 1%
Hild, A X AR RS FERALL AR AT CitySim X BVEREAT T AT EIGAE, 455 BoRiE
1l 48 AT ATE 6 2 25 N RIS 77 SR 1 R PR R S e
Cheng®1%5 A\ {# F Q-Learning $i2%} 2 S0 BH AR etk 47 4 R Ae s, AR
BIER T AP T R RS R G, F P T Lid s ALAE B ST S I A 1 R Jk
%, HAESEIR A T AT TR, 45 3R Rz il 48 vl DU R E7 38 FE 1 [F)
A R PR RERE, 8 B AT v RE A T s X R A A N L .
SRR, B RTAROCHT 7T B R AER R A S BOEEA R Sl R Gis
TR SR R, FLRH 7 Nk Z RGVEAREE, X3 TR h 2 2] 1 4 R 3%
HAS I RN TR IRN o FLU, Wit — DI i b 2 ) Pl B T S, B%
I A2 il 28 57 =) B 75 I 75 882 H BT E B 7 1, thah, S0 Bk py s s 2= i
RSB 5 0 3E A PERN R ORI F5 i — P bt 5 4

13 HREN. BXSTERRAE

1.31 WMREBNREX

ARG 1 3 B H AR AR B s Al S ST BOR N T U R St AT e
I 5E BT, MM BRI e B R AR, 5E35 F Al 22 U 28 Gz il g 4k 2 1Y
S AR R PR e BEAh, DT R A T R ST I IR AL 22 S 45 )
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F1E Gk

P ER AR R, P REH BUTIRAE E ARREUEE B AR G rh B AR A

AR R SO T H T CAT BN A 1 s A o S SLA T A, $2

oAt e 2R R Gtis T AL T e R, HK, I N =T T Al
S SIS AT RIE, 5 HAR I B VA PR R ROR AT BT L, B4h
SIAL SR S PR AR RS R L@ I 5t AR AR R Gt AT AL A 1 S R 4 11
WA

SR L FH A 4E -

L ASCHRE M AT om ik 22 2] R SR AT A 5 ¥4 8 T B B s i Uik, B
A U 22 R GUHEAT AR, A 1 X Se e kR A AR, RN AR S
FREHE ARG, REERT RGBT

2. FEEEMSRAL S I AT K TR DR A S SAEIE B A S, #Hh
TREN AP ] el 30 U R gris AT AL B s Al 2 > i s

132 FEMRAR

N TIRRFEH TS RGP R AR 6%, B TR R G
AT AR B 2 R Al 4 X S B MR IR, AR SCE S oxt B ATAR) sk o S B 3 EAT A
H, Gl E Q BACTENAME N T ol o2 > IO i SR 10 £ 2. #TOK,
XF A A X FIRAE S R Geas AT LA T I S EAT R 0 b s B ik T el >
R AR R R 2R G4 ] SRS R AR o AR, JE I S s 8 06 2 T s Al 22 ST %
SRS HEAT S, BT Sl T RAAR N R RO E . &AL Python i
B oA, TP A R Gu el o S P h s Tl T H, AT DURNAE i S Re Y
HS5EHRAGT, HeERT RGBT,

AL EZNFEQFEL T LA

1 & W HEATH RS STHCEIR AT, AR e ik % =)

7] R DA R e TS (R i A 2 S SR AN G B R I g 2 S SRR, AR O A
RUE MR s 2 2 S, VR4 T AR Q-Learning 5% LA
LHARBOE SRR G Q AT, My T oAb 3] I 2 1 12 ] g
R IR Al

2. H=F: iR BT CA R T SR s T R G g, SR

AN VRE ) 2 T 5 A 2 2] [0 2 T P SRS O S I B, RIDRE 281 2R 4t i
A ] U vk T R A 42 VA S 2 T A S ST R R A S &
FF o3 1 T oA S ST B0 2 R A SRS A S B I P R B A A R T IR R
fJaPE 1 e B R R .
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[Fl5F RS S A ST s o7 2 BRAE 2 1 R Geis AT DAL o 1 BT

3. VU AL SRS AT B T oA o 3T 103 T 4% ) SR a3k AT
THAE, BAREEIAHG. saibss ) EHl s AR NES ARG PN,
SRAL SR S P A A T IRAGR IR & AN R G IR, s Al s ST
FRAETEV X ORI RE- MR RPN . Sk HESRIE XL, i)
1 amAl s S P AR A ROR . BeAh, I R, A SCESS T
TomALsE S A I P S SRS AR L R T i TR R gt
A E 3 5

4. HAE: A Python 1 F IR /TSR R Gt T AL P& 1
SRALSE RIS A TR . A T TR RS, BAS TR TR
ffs FURAR a2 FH S s L H i PR FIVRAR HEAT 1 IR
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B 1% it

s 5 2] 1) 34 5 3 7T

GRS b 5 ) IR T

AT NS DL M 2 46

YR L P B I o M s 2 >
FEN T2 R Gris AT Ay
b i s £ 1) 758

S TR SR 2 Sk
f=2 i R Gris AT oA iE ke

ST S IR UE SR AL 5 5] P ) a4 AL
W AR G N

s 5 S AR AR B >
]
—»
y
i € s Ak o 2 Bk
RGBT >
2 5
-
_>
y
_>
IV ES Vi
_>
_>
y

I AT S SRR AL S 5] 17 ] s A A
AR IR FLAR R AR G 1 B
H

Y AT S E T
SEH X AP A HB IR H S R G i)
B

WS B A5 T omib s S AR
ARG AT IR R S E
8

TF ey i 2 2R G s Al 2 S 2 25 P
DL/t

AR TS 2 B W 1.3 Fiis o

K 1.3 Wtk
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[Fl5F RS S A ST s o7 2 BRAE 2 1 R Geis AT DAL o 1 BT

B8 smiFIERER

I RS AT A R AT AR R 25 8 R e il AR 1 1 A B ER A A ) R, 5
e S TR — P AR S SO B AE NN KPR 3 NI RILAS 2 2 51,
A DU TR A e it o SR AL 1) o A FRES g A 2 S M SR BB EAT AL, o
I AR B R B R R SR R IR s AL IR 5%, BEANIIR 1 H TR P ik s
> I R ) 5 G R A FAE 5t IR ORI AR R gtia T AL 1) e € &
& 5 5 2 B

2.1 5B{LE 3] a)Rn

H A, sifbss Sl AP & 3 — s > i, RIRE 2R
BREARGNAT AR, IR IR G EmIIAT A 75— I AR R st > in]
AR —2REOR, BRI Gt SR MBS R T iR At VAR5 — I8 AT 9RO
PREEL, TS AT D9 28] bR BRI 52 B AT N AR,

K 2.1 Jyambss >0 e K — Ry B R . BAOR U,  smA SR > [l AT LR A
NRRERIBIT 5 EAC ., RIS SRR )45 S RGE B RAR ) H s, 38 H
REMA R MR SR A BAK, T B REAA Z A o FRRE R A A . B AR SR A 52
B, EENMABPRE N EREMRERE—DaE, B RAH R PR A PR 1k
fB5 OORRED. M MES N KR AW R AR R RRE Sy, A
AN PRAHE B ) R B R KA

vy
| j]ﬁza *
EEEIELN 7817
A RAs |
HHr

K 2.1 stk IR

s AL 2 S ) B IR O SR B ekt B2 (Markov Decision Process,
MDP), fih SRS, A shfE=SA], P B RER R 2285 R4
RGN S RAIRESWES, s, € SRR REMRTE t B ZIFREU ARG &=
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55 2 B ORI IR IR

R AP A ATREENE IR S, a, € AR B REMAE ¢ I ZIFR AU 3h
k.

A P e (2-1) FrR:

St+1 = [ (St A, W) (2-1)

FE 2 eR B IR B2 B REMRAE ¢ N ZIABDIRES Y s AT IIE ap, FFAEBENLIL
BN we BIEIL T, RS 500 BIREZR . BENLIRSIIRMMEZR 7341 we~ Do C I56)
pw(wt|st)?'jﬁf)ﬁl w LR

L PREL R FIR R RAERRRIAELRE I s 7N 5044 25, B AR X (2-2)
(CEIIES-CI P

e = g(St, a, we) (2-2)
Ly RBER AT R ) B B f e By /R BRI, SR B e K5 e 5
MG — I ZIHPIRES sp4q 05 BHTHPIRES s MG FERIUEIE a, G5, AT
I 20 BRPIRZS S BB ETE 5% o Sy /R-RE R A o i By 4 ik vl DA 45 93 (2-3) 5 30
(2-4).
P(St+1lSt, Ue) Se—1, Ue—1, -+ S1, U1) = Dy (Se1(Se, Ur) (2-3)
p(relse e, Se—1, Ug—1, -, S1, U1) = Pw (Te|Se, Ur) (2-4)

L IR B IAE ot SRS 2 BT I Z IR S A4 1 SR TR AR PR 2 B 22 54 ) i
AAEMEE, Ry I BB . SR SEhr TN H, —J7 1
H T A% TR S R 2 PR A P S5 RORS AR A X AR, 53— 7 1D T b P A [ M
B ) A PR A 3 B0 o 4 2 A B BRI, AT I A o 3T TR W™ T SO RS
B D RBHRAME, RIAEAA RGBS /RRR R F IS (Partially Observable
Markov Process, POMDP) . H fif &\ 5# 4k 2% 2 Hk 4 Q-Learning 534 7] PAR fig B
RS X S TICE SRVIS: SN s ) <

FESRA A SIATSS T, 27 ST H ARBI S 4 3 REAL K3 A2 B B R AL B SR
Her i (2-5) s, BRI MRS 232 ) 3 1 I S 56 28 1 S ek £, T8I AT

SR R MR AT A KA SRR E
a=mn(s) (2-5)

KRBT 2 M55, TR L 2-6) st “T 2 82

LE” M- “y FrinRREE 7.

Jr= E(—Z (2-6)

t= 1
Jy=EQ. y') @-7)
Aok, r BRI B RIRHEE, B SRl A bR Rk
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[Fl5F RS S A ST s o7 2 BRAE 2 1 R Geis AT DAL o 1 BT

2 R s AT AL 1) R A7 AR 2 AN E 1, 1 40 R AU L TG 2
I8 5 M P 221 B2 120 =24 T 220 PO B R 3G T B, R AMANA 78 PEAE I (A48 52k
PR, R T B BRI 105 S R AOR— B R A RSB
KRR BN RS EZ ARG, #oo T2 KRG e @, 5RH “y
PrIn FRRE” MK RBIRTL

2.2 DUREFIE

2.1 AlA, sk 2T H s 2 3 3 s s il SR g i3 a = n(s) , @I
PAT I B A, A DA R R AR 455 50(2-2), (2-5) M= (2-7) "kt
K F A B 0 5 (2-8) -

G0 =EQ). vig(sum(sd,wo) 29
t=0
A, BEVLHL B IR MR A0 we~ G IS0 pw (Wels) AL w, AR . v AT
¥, HBUESE 0 2 1 (6.

SR AK 2 ) R PR PEA SR A R 1) R AR B E 7y 9 AE R £ (state value function) FItR
A-BhE1H e5 $h (state-action value function) it .

L RE QF (s, @) RN MNABDIRZS s TR, PATENE a 2 J5 4% B2 g o
PATIMEFTRIS My Jr4n BAELH, SR BEDOIRES-SEER L IRE-3h1EE
NHR QH . IRA-BHVEE R B B =418 WL A 7 (2-9)::

QF(s) = (), y'rilso=5,a0=10) 2-9)

it R 5 N (2-10) B

Q]T/I(SO» ag) = Er(g(so, ag, wo) + VQ{/T(f(So» ag, Wo), ”(f(so' Ao, Wo)) )) (2-10)

b RBIAE FARZS - SR (A e B DR 256X, ] DUE H A8 AT A SR B 38 m) 3k A5

—ARES-BMEE R A, 9 2 X (2-11) EE R BRES- B EAE B ZBD S s RS -2
(ECR e

Q*(s,a) = maxQy (s, a) (2-11)

B R MIRES-BHEE R B B, W(2-12) s, st il s e 3t
—HEOIRZS s TH0IE H o] DR S-S EE SR RIBhAE

n*(s) = arg;nax Q]’f* (s,a) (2-12)

LA A SRS i A2 LR =7 FE(2-13):
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Q7 (s,0) = E(g(s,a,w) +y max QF (f(s,m*(s),w), a)) (2-13)

LRE VT (s) FARMIRERE s Ik, @ HAT IS0 S m kA i) RRA
B RN DPIRESE R, RESE SRR VE, CIRESE R BB 0~
X (2-14):

V() = By, vig(semlsowe) |0 =) (2-14)
t=0
i — B IR 5 (2-15) K 2
W (S0, a0) = En(g(so, a0, wo) + ¥V (f (so, a0, wo) )) (2-15)

B O RS (B pR B DUR 2 2630, [FAIFE, (8 AR (TSRS 2Tl 345 — VIR
fEPRER, i A2 3(2-16) ZE R AIR A E R BB D foe AR A 1B R 2

V*(s) = max VS (s) (2-16)

T IR AE pR AT A IR I (2-17) SR B DL 42 ) s o, S " NI AT
—MEHIPKERIE R T — MRS
m*(s) = arg max(g(s, a,w) + Vy”* (") (2-17)

A8 IR B R ) d5e e DR 228 AT LUy (2-18) .
V],”* (s) = m(?xE (g(s,a,w) +yWf* (f(s,n (s),w))) (2-18)

H ERAHTEL, DUR SRR i, (A2 mi s S Bk At
MAR EF, SArRER VBT RER VARSI KR E A, FH
FEUHDIRAS-SIERT B Q EATT —IRES-ZERT I Q fH BA A YT KA FH A K
EWE Q EA V R LLE Sk AKMAT UH 1, 2 sRAF 55 M8 ek BT RI3R 1S
T BRI SRS, AR F SN SRR S AR eR B SR 5 . A
LRGSR BRI, 38 B E-R A R B R SR N AN 75 B4 7% R 45 2 B R L
KA Q {H RIS KA A58 BT AL (FPIR A FI AT REE B IS AE . (H RIS B TR AS -3 E X
M EHE 2 T RS A EEL, (AR R 3T 2 2 1A
&)

FE T RA SR o oAb 2 3] By b i B 2% 5 (model-based  learning) /7745
Ho R 22 5] (model-free learning) 77 V24 4 E A/ 48

2.3 EN7SHKI
X AR STAE S 0 R 45 0 G T A B K Y S D T 4
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[Fl5F RS S A ST s o7 2 BRAE 2 1 R Geis AT DAL o 1 BT

(S, A, P, R)¥IN C R, MIARIAR R B Lo BV REAA AT DUBAIUL 3R a1 0
FE MR T W52 IO A B 22 ) o SRR AR O 5 D0 T A ok stk
5 3] I R — 2RE R . AR, ShaS T R B 7 9 SRS AN, AR AUAT

ISR R =R, o SR R H sl o Sk S e sl sems, w2 b
FI b9 2 e e AR o i) 7 AR DIC A2 A S, AR SO T SRR
PR3 AT T 2 4

2.3.1 REGIER

SRS IRAE L 77— AR A I FE ] S, S SRS AT — > S 2 AT et
FI46 SR8 H IBEN LA IR A N, BRIE A WEA, A2 AT SRS TP A5 A SR
IR, BB R SRS A e k.

R 2.1 NHRMIEAN LR .

* 2.1 HWmIEAR MR

1. Wia:
X Tvs €S, BANLWILEV(s) € R, 1t(s) € A(s)
2. RMETEAL:
HE LT ISR
WEA 0
X T4 €S
veV(s)

V() <X, .p (s' T s,n(s)) (r + yV (5' ))
A= max(A, lv =V (s)])
HZEA< tol (tol NISHRZ)
3. RME U
TR s es:

a « m(s)
n(s) « argmax ZS, (r + yV )

WmRa # n(s), WEIRFEHATEE D KB TEAS
TR 915 B 1) s AL SR

W7 VA AT SRS TRAN R B 35 B AN Y, 7E 2.4.2 B A AR
T SR IE T 75 SARSA.

18



55 2 B ORI IR IR

2.3.2 {HIEKK

SRS [ SC2E A It 5L R AP S0 A — S, DAL R SR 1) e D L R
s, TREERIMNE 2.2 ProsiEIE SR SRBERARET, K
ISR A DR 2 5 RER S BT E pR 2, 15 2 2 A SR (R PR K, AT EAT i 2
R SRS gt T (ELAACR A Y DR 2 5 R T A A, Wi EL R A5 B
FE ] SRS P R 2

R 2.2 (HISEERIE

XITvs €S, BEWLVILV (s) €R
HE LN
WEA< 0
X T HAs € S:
v« V(s)

V(s) « méiXZS/ ,P (s/ ,r|s, a) (r + yV (s’ ))

A< max(A, lv =V (s)])
HEA< tol (tol NISIGRZ)

g (s) = argmax P (s’ ,r|s, a) (r + yV (s' ))Eﬂ?ﬂ%ﬁﬁfﬁlﬂ%

[FAE LR vk R TR B AR . 7E 2.4.1 TP A B (A AR
J7i% Q-Learning.

24 BHFEDFS]

FESRAL2E ST S5 7R, IRBE A AL R MR RN 8 R B A R ) B B TR A RS
USR5 S RN TG BN IR BRI St 2 2 B, il 2 ) B e AR S
FAEE R, IR 28 07 5 ) R A AL 2 S Tk i — e AR5 A 28 P A L 2R £
I 2222 21 5. Q-Learning 5 SARSA.

2.4.1 Q-Learning

Q-Learning HiE & —Fha] DR B A A58 25 B D /R BHR b2k in) @1 5
W5 21070 . BRI B bR SKBUIRAS- B XT Boss B2 (A ek £, B Q {H k%K,
H Q(s,a) Ko, RERE s THATINE a REKEIHRG ) B TE . Rkg Y
Q-Learning J2 8 BEIER A PR IRES-ZERT T Q [EAFEE W] 2.2 it —ikER
k.
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[Fl5F RS S A ST s o7 2 BRAE 2 1 R Geis AT DAL o 1 BT

S A(s)

1 2 3 4
1 Q(1,1) Q(1,2) Q(1,3) Q(1,4)
2 O2.1) Q(2.2) Q(2,3) Q(2,4)
12 Q(12,1) Q(12,2) Q(12,3) Q(12,4)

K 2.2 76 Q EAIRMIEA

VGG B A& TR ) Q S NBENIFIMGME, Q IR , Heeih A
IR @A, W SRR, (s, a1, s") e IR AR, A K
(2-19)%F Fe At 1K) Q (EBEAT BT o

2005, = a (7 + 7,75 105", @) ~ 0(5,0))
(2-19)
Q(s,a) « Q(s,a) + 4Q(s,a)

X, A(s) RIEIRES s iTECRIUNBIMESR G, s HERE s FHATENE a JEHIIE
BT —IRE, EITHET y € [0,1], R UuIshiiERRRLE R EFER, 4
y =00, FeetAkREEILIRE, 1y = 1 NRRE IR T 12 5 57 /)
REFIFREZENE. 2R a e (0,1)8 Q EAEHEE, BOKRF I F AT IR

m EE WSR2 2T DR T BRI AR E

7227 T AQ(s, @) Ry “SKErE” 1 +v,/(nQ(s",a) &5 “fhitE”
Q(s,a) MZEMH, SR “Lhrfd” AR T —RE-ZEXT “AiE” Q(s’,a') ,
Q-Learning 2@ A WSCEEREA T8 Q (B AL “ Al THE 7 BokBE g . /£
REE ST, U PTA PRS- E X FEAR IS SN, A Q-Learning &1
DASRAT B RARAS- B E sR 40N . bk, BRB SRR E L 5 —EEZ M,
H (2 00 ORI A BPRES-ZER AR B T DA AR 2. R TIRE SR M 5%
£ 2.4.3 T RITELIAN 4.

2.4.2 SARSA

SARSA & i — ANEBERINFZESHE, FFE SARSA HERHAT— BT #
— IR Q 1H, AN IILET W (2-20) frzr i e 22 43 T b 1) N — RS Q M 1 sh
K SEBR K AE IR, A 2R BN Q E & KM EME. H T HIEF (s, a1, 5", a’)
TEATEHIREA, R SVE A %4 SARSA.

4Q(s,a) = a(r +yQ(s',a’) — Q(s,a)) (2-20)

5 Q-Learning Sk LL, SARSA BEAF SAINT RS, 5 SARSA HILILAD

EE SR IV I
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55 2 B ORI IR IR

243 IREKBE

SRAL 5 ST R — AN B SR IR R SRR -, AT, B
RiEE AW AR AL, & — B RIS 2 )G, MRS R Ba — et
RISk, 7 IR I O SR B T RE, 7% X O SRS i W AR ) 43 it
ITIRE, A T REHPIRA-SEX FEA B ER 2, AR TR RO A% HA A

RE IR RS, 25 ORI A A AR AR Mgt — 0 et SR ms . IR R SR X L), 9
A =T RSt 7 —J7, RMprEm “BR-FHEHR”
(Exploration-Exploitation dilemma). # ik 2585 > RAE B R H bR,
A FBIRE SPGB RN AP E IR R R e-TU0IRR
% 5 Softmax R% 5K

e- UL IR R HEUATT RE 2 H BT R BN T2 BRI, R REARTE RN TR
HKITZILL € IMERBENLIERE— D 3h1E, D1 — e BIMERESE Q Hi = sk,
Bt WX (2-21)

{ argmaxQ(s,a), ifrand() >1—¢€
a= a

uniform random choice a in A(s),if rand() < €

[aY N aYay

(2-21)

Hrpr, A rand()R - E[0, 1] AL R BE LA

fEe-TULIRR KM, e IMEE X T B REMIRR M. e BERT LY E
e, ] DABE & 8 4 B AR A B 388 i ek, — R g R L BRIy e =
max(eo — d X A€, €pn)o e-FUDREREISHI mE AT H, £ K2 Homib >
FE IR R A, R A o H e-BUDIRZR RS AE IR R IN A [E A4
wENER R E, R FANFE Q (R ERE I BE R M R R, 5B,
Softmax #RZ KM W5 RE 1 s 7 i) i B

Softmax 2 HE K21 He T 24 {iT 2RI &k S 1 1 B SRR 5 F F#EAT 4>
Ao, HIEARH DR, RIS s Fa ok i) 2RISR 2, M S s AR 5
2, R R L R AU ot B v T A SR, R ATX LB R AR B M
W2 B o

Softmax ¥ 2 55 B 11 S 4 156 B & 3£ T Boltzmann 43 7ii -
Qs
p(als) = — oGy (2-22)
Ea EA(s)e T
K, 280> 0, #iFRoN “HBE”, o TIRZRSFHP SIS, plals) &
TERES s FEFEEASERMER . MR RTCUE H, &30 BRI A2 R /NI

P EL Q EMIAN KN e T/ Q AR AR A A E G X A = it s
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[Fl5F RS S A ST s o7 2 BRAE 2 1 R Geis AT DAL o 1 BT

it 0, N Softmax R E T OCM M. 2 o T 1IET 55, N Softmax
BT OIRR . NS, o ErTDUNEERE, W] LIRS LR
RIS FR) 18 T 90

2.5 {EREIL{L

DL b2 R BRI N B BRI /R B R P s 78, (H S2BR T
R e B VE 22 A A o 5 ) R R AT T B R IR AR 2% [B] o — 1] B 1) R RIS B2 IR
AT EE, 2S5 R PR ERE, 277 T AR A = (BT A 2L
B HR M MERR, 53— J7 THE X R RIRZS (8], Flan# g Q-Learning 5
e TG 250 o A 1) 1) BRSO, SR T 98 DA PR, A5 0 B2 Ak T i F T R 5
fli vt . H 87 & 2z A4 77 3% 01 LA 4 2 30 ek 203 AUl (Parametric Function
Approximation) /7 7£ A1 HE S %% £l L (Non-parametric Function Approximation) /5
A

251 SEERBULLL

SR B AU T 1 R 48 T e 8 SR T AT BR BOE I R S5 R 1) — 2K T
%, ERRRLGE M MEDE AT T, B SR EE R BB 4

N T2 4% (Artificial Neural Networks, ANNs) 2 — 7 8L 784 {1 2 5 o B0
I NI AP N T o4 Rl i ia SRR, i LB 2 ST 5710
IR FUANRL e N A0 22 X 245 11 bR B8 1 8 0 T oAb ) A R 0E I 1Y)
JSLFH N o AR N AR 22 I 28 Y TE BRI A, 5 26 75 S 8 U4 I 2% &5
o, AEMEMERMASTHEZE, RBZE, WETRBIERE, & 20
TR REIEE S EE (AR R BRI A g i RCE, TR
R 265 1) de 4B A 5 B A (L R PT RE PRI B o G TR R S K PRI 4R TT 5%
[62]

H A T 52 S 2R BT AR #4228 45 0 £ B 2.3 5 2.4 Fp
RPFEE R . M EEX R T SEE AN AL E. T E
2.3 IR 1) 2 5 AP 2%, IR (2-23) TR ZR AR bR AE

label(s;) = {Q(Sf' a) + 4Q(sy a), if a= a,

Q(spa), ifa#+a, (2-23)
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55 2 B ORI IR IR

BNz F& = fth =

K2.3 FIT QaMbiTHIIrh M2 45k A

MNZ &= =

K 2.4 M Q IEMbTHIFhZ ML L5 B

252 FRBHRBLLIA

52K R AL AT IEAN R, A A S 2R B A5 8 s N O E ff e AR Y
iy, MR 5K 5 24 ] DUE I U ZR 00 B E AT

[ )9 4#% (Regression  Tree) & —F it A () AR S B ek HOL B U5 ¥ Bl VA I i =
AT L SN S A RS SEEL H AME R T, PR E
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[Fl5F RS S A ST s o7 2 BRAE 2 1 R Geis AT DAL o 1 BT

ARSI L5, HAR L 2 3BT U DO A I RDIR S5 44, b 38
RSSO, T SONEUE . RTINS, Fa B 2 AR 254 1m) AL 3
LB B IA 5 m BRI s B R 9 TONME . H A5 A s R A 4
[E AR ) 5 CART SyE08), 32 35 J8 i RS it P 1 22 e /I v DU i3 A 74
TEGIE, AR R SO, A Y At ELE A B B A [V 7 v ) 32 B R 2
BEA T, THEEFER, AL, BIAR AL R B A A, HRPIR
SERI RIS S AR B N A B AT . (H AW SRR e R, T ES
Rk R, BN IR SRR 2 25 38 B [ VAR () S5 44 AN S H0R AR BOR AR AL

BT (B A SRV FR R R, AT DA FH R 1 = 1 7 2R B A B AR [l U o 1) vy
JrZETAR G T AR T T o BER S AR 2 WA 7 S T iE R i — b, HEEAR
JFEAR R I A 22 AN R I TR B, AR TR A PR A B 5 S 2, SRR DA%
BTN 25 FAMEFh 2B A D s 2 B H o v ) BEAR I T g SRR B R B
27 ] 2 R TROI 255 SR LU B ATLAR WA Ty £, 4 18 >0 it mT DA S 24 B 1) Tt A
(64, <5 AL 1 LA [ Ay 5 2 = 8 ) 4 1 2 1 77 6 B0 47 BE LR Ak (random forest)[®8],
% it B HL A% (extremely randomized trees)SSURMAf: Fi ¥ i3k [2] U9 4% (gradient boosted
regression trees)®1%% . Ernst®®1%E \PRZ T IR il S AR E R AU T RER
W, BRI E L R R T, EE T Q ERBUMAL T, R4 RN
BREATLARY s 75 222 35 R A R 2875 s 2 T 7 R AN BSOR I I AR AASE, 5 T
i B ATLARS B892 1) SR DA B BV R R T DA 2 5 1681,

SVASKUL, R A > E) RS AT DL AT S BT, TR N TR
W28 AR 9B R HOE T 2%, 75 AT DLk F 2 80k 50 A7 VR A i BE AT LR A D 4B R

2.6 HEBUFIFE

{E 2.4 TP/ 41 Q-Learning 5 SARSA BABINTEL HEL, RIFERE
Bl —AEEA, BESLZIME R A Q BB BCEH—k. LAy EE T Q {H B
BAPAE LT AN 0], — D7 TS FPREA I SR Al R — @ R R o i Z AT REA
Xt Q EMITERT, JuIE M i & N 48 Sz b iR T Q EIEIEN, 57
TR A RS e 22 I 2% 1) B 3T T 8 S BN it Sl HITAE A 0o Ao 22 o 2 AL B ) R . 2 —
JiH, EAEKREVET, BRI R, IR

T R IR A, AT DR A s A 21 99)(Batch Reinforcement Learning)
. MRS S BE R P AR AR I AR G 0 B O AT BT, St E R
) A JEUHE 2 20 56 (R0, BB 238 RN DU Tl (s, a1, s)TERBIFEAR, K Ef#
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2 o S ER A

HA L 71BN & 58 (R . 2256 [R1TBUV RTHE A2 8 Be A BT A A 353 (1) A8 A0 Al A 197 £
FIA AR, B RGBT BT E IR R /NX — /TR, Bt
a LR L Eamib2E ) k. SAEREVRA L, bRl & 5 Sk i B R AL
FoE, HEfRE

A Q A (fitted Q-iteration) Bk & 1 Ernstl®®145 A B2 H it —Fh i FH 4tk &
AL ), WA Q EMSIAEAE KR LMEL K IES D:

D = {(Sp, an, T, S ) I024 (2-24)

FUEAWEAZE S AT Q EREUN v GREE, BRI ANEdE N8 D
WA RS -BER (s, ), i Bl 12 5 (2-25) 5

Qu(Sn,an) = (rn + Vafnrngsrn) @M—l(sln' aln)) (2-25)

N Quoy FRFIEIE E— VA RB BIME R EUEIT 28, A XFRGARE-3NE
X Q B 8 I IRZS - B X8 BT B (1 22 B R b — IRk AR 31 (1 {f bR HO&E T 25 1
FHT RS Q E A THE R A2

15 2.5 15 A 21 0T P BRSO AU g vk A 8 X 4% 5 A i B AL 380 1T F 4
G Q HREEH M ERECEILS, (H_FAAEANFZAL, Bk, FHME
W 28 5 Sl s SN 48 Sk 5, T AR i B ATLARE DA 55 22 58 UL S50 i — AN ARl 2
WAE T 25 RN 7 20, AR OEATEF e EOE T A5, BT E N 2 B 2 I
Tk R 22 S 1) A 43 U SRR L P R TR DRI VK R BT I 8 X 4 T DL LA 2 B A
A RIS 7 00 SRR, e A B R AR A Bt (mini-bateh) £t . AT, B
PRI AR A i B AL S )1 SR R 2 i s AR 254, R b 06 25 FH 2 B B v Y
A, FEOCUFE AR N A HEE 2 B .

R 2.3 NFEEEA IR IR o

%23 WE Q BRI

Fraate Q {H ek Ui 4%

BOE Q (H R BUEML &% R %1

MIABH IR RTIRS s

HE LU IERE:

a) HEREN s TARSIER Q {H.

b) AZIRIRREMGIEFESIE a, PATEE a HET—RERZ.

H wp o

C) BRECHAIARA S s RIS S KA r, (s, ars’ JEAZRE

AN
= o
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[Fl5F RS S A ST s o7 2 BRAE 2 1 R Geis AT DAL o 1 BT

(%% 2.3)

d)  FIWE SR Q E K uE 4%
i EHaREsWEMNTER Q HERBMELESNWBEEELSD=
{(Sn: an, rn:S, n) ﬁglf’
i, 1EIEE(2-24)THRED TP AREASIRES-SIVEXS X RL QufE .

i, SRR A (5 an, Qu)IR2 EHT Q PR HUEIT A5 -
e) ¥s ML s

AR ﬁmUACQ%ﬁﬁ%@ﬁ%%@ﬁﬁﬁ%%*”%%@@mﬁ%
5

2.7 KB

ARFENS A ST A OB AT TR AR T WAl B S R BER S
7 SCRRAR 2 2] 1) 3 DA R B2 o) () B B AL At DLUJR B 452X, 42 R stk 2 S 3
R AR 2 2] T R A RIS e 8L 2 2] TV 7 22 03 D7 iR B2 .
H G Y 2% 5] AT TR P PR A, Jd i S PRI A ) 3 B A A A o SR
AR RIERE A . R 29777500 Q-Learning 1X R T AE LR 5] 7
FATAEBIE R ARG AREEn, fEsmtb ) 5T s Q R
VATT DL E oR Hl S 225 [T 7 A e SR R R, R R RR e M
AREVEHFR TG Q B IEM IR, HR&LEFEME Q BMAEEEN
fl VR S R Gis AT A I R A sk o ) B
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9 3 & R I BENEE AR R GusAT U RN

B3R mUFIFEATARGESITRUFHRA

AT BEIGE U SR AL S S BOR A T 3 R Gris AT AL b, 72 B Aoxt
S B0 R 1A 14 (R B 28 1y 2R IS AT HE AN - AN B B St H A CA W T B 5 ik
BEAT IR 04T, AERCERAS B3R AR B B A 2 am b A ST IS T R gtis
(NIRRT RPS

3.1 EBMRNABRS

AR B IR ST, BE AN R A 58 4 BT 9 Ak ¥ S (Pure
Reinforcement Learning) )75 XA AL 251 R Seiz 4T, AR 1M 58 A 5k T om Al 52 S VR )
PR RGBT I IEATAE WG 2 2] It e B R 4 DA B mT S PR A 22 45 1l i, DR AN I
Ef N BISE PR TAE . £ BRI, HAT, AN RSE 7T 1R
k2% 31191 (simulated reinforcement learning) ) %5 5 Ge4% il 7 12k 7o iRk _E iR B 2,
ZITE WK 3.1 B BLHE A B 2% ST M BO AN FH 22 TR B, 7R 2 ST B B 7R e x)
AR RGHEAT AL, B R SRS B R, B TR TR
REAAiE N TERAIY DX, T R 57 2 B Bl i s bras A7 30 T B s AL 5 T st
L )i 227 SR PR s, DT 8 B e P S 6

i B

7 FAS

iRY

SRS ST P 4

@ WS BRI AT 258

S 3] P

iRY

R R

SR IB AT B

B 3.1 BT FoR A S R AR R G U5 7%
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[Fl5F RS S A ST s o7 2 BRAE 2 1 R Geis AT DAL o 1 BT

SR, e N 5 ST R T8 70 M T sl 5 2] SRR e AR R, kR
IR VEAH EEA L AR TR S, HAz R AR OB R ) Jo o e 45 R 30 LA
AR A AE S PR AN 5 1 i L R, 5 R R S D S Y ELA R N 7 3

3.2 ANIREHNARZ N

AR AL A X AR I R s AT L th R R D SR 3.2 o,
O SIS U AR SO AR, R FH R RN 5 5im A 5 ) SRR 45 5 1K T
o IS AT DRI A AT AIWHE A R, 858 &b L&A T
) 28 G ] AR 1) 5 B X ], S i 5 WS 20 A 2 1A I 2R Gt S A5 e R 132 AT 4
s ANWTESCHERR AR SRS, Bl E R DL T B AR G ) AL B Y B L BEE{E -

Be 5 2R B BIAE T, — D7 RS AR N B3 ) TR 2 56 e 3 PR () 3R T
1%, I SININ PR s A 2 2] P A5 BT 5 (AR R O, DRAIE S ) R 11 35 (0 T
£ P E R 1D bU G U A KR Ei S W IR et IR PRI I FOS TEE S

N\

Rgtiatr Hbs MW 558 KR

EgAN
I ARG TIRRGE T
AR A Bz BBUE H
- EHEH RS

K 3.2 BTN Bt o S 2 R Gt AT AL

3.3 XTETHRUFIFENTHRRETITHENSE TolE

A/NYCRERS 3.2 A7 SR B BT A A A, B RILE TR it
S 2 P A A I R G AT AL T I S R, D e Ak T mA SR ST AR R G
IR IR fE A At . 1B A A ORI A & B S AR L 5208 R ¢
TBAT AR B A Sy Bt A 2 > T UM 45 B 9 A 27 ) SOV BV R R . BT
Ky ARSOREHAR RS DU [ I F B0 A 1) BE AT 35 1 0 H7 o

IR 1. AR T RN B 05 v S T AL S ST BRI T R R & A
aHR?

SRR, B TT AFE AN B N B3R T A2 ST A R gtis AT 2
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9 3 & R I BENEE AR R GusAT U RN

T B SRS RSB AT AR B W DGR S TR s i B I R 18 AT S
M TR S iz s . S E RPN T omft 2 S Bl d 20 E 2, ONAL
£ 2.4.3 IRFRR 5H R b o S FE R B oy, v R & B4R AT A
o472 A 2 DROEEAS BBy & BRI ) s, JF AR AL A b AT oot

FERI IR SR S S i A e, BB N IR BUNF S ) DA S A ST R xR 2 A5 ]
BEAT A, T DR BEAAAE PR R A S it 5 A T AR e e &, RIS AT RERY
i A SR AR A X IR 3 L A K

58 2. IR 2 R AIBAT UL I A BRI R AL S ST R, TR
PSR S 3 SRVA T 25 TR 2R G4 ) SR 2

£ 2.1 %5, RN 1 SRR R RS R R SR A S A, B
G R 54 2 3] SRR YL am Al 2 > [l RN, UM 75 52 SOy R BER g sead R v R
& RSB Uk R RIS AT LAk R R st 3] R AL, X A B
W 52 25 R G AT AL IR P RS . S EATER B

BTN R R GISAT AR S R B AR, DR HE e v s T R ST RE R
F AR K I B EE 1247 9 S R IS R BB S 3

RSB (I R s A T 3 ] RAsz iz B s R se B g O, HehshiE oy
AR PR AR E, RO RS T I P s R i3l 2 4tis
AT O Il R, A 38 D Ja) P ) 8 PR s 5 AR, 451 2 XV B AL, KT A
R E (A -

PrEgazAc R, HoAl ar I RS2 R S Rz S AR, IR
FRISZME DR SR T, DR RE AR E 12 52 3 A 2015 SRR e 8, oo o 381 1) S e
RS . ARMYERE 2 RRE RS IRR PRS- SEE TR, 2383
B A e I i NI, DR AR R A A e SCIR RS R g A e/ ) 4 2
FALAH G R . SEF I R GUeT IR, EH R E e B E IR
WL, 2 NIBDIRES A R T 50

5 3: KA EEA TRRT R R BT IR BN, HERSHR
ERWEERER?

f£E—Er, AR 7S FRNR A, RAER S Q AR
TrRAGMARER S L. EE Q BURAT FZF 2w i+, |
PR KICE T 5 1Y) 328 336 AT ST I 2B R ORI 4% 10 251

PN T B IR 2 T S A X AR B RS R o 0 R 25 iRk g —
AMEHID KN R T RIS, Tkl 3oy 0, Hx ARG+ 1k
SEEHEAT P BIOCALI, MR TN 7o KT 0 /T 1 sesl Anran e
ARARIEFREMRE FEBOR, W 0 7 B R R B AU, Frdn B 7 fE s fb o 5] 4%
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[Fl5F RS S A ST s o7 2 BRAE 2 1 R Geis AT DAL o 1 BT

fi| 5% T AR E A 22 R 0 425 ) o g I T 7 o 52 B 2 PR o /AR R 1 2 TR
GUsAT AL IR B B

AL R KO AT #5508 T DIk e 22 ) % 3 W o BT LY, A BE AL G 75 72 X
RRRIZERY, (200 R 2 e & i i e il tHEIHHECR, HE 3
AP R G DTSR s K _EAZHLE AT AT SRE J R A DR A O i)
PN 22 R AR GE I AT VAL 1n) g R A S B A LA A Dy b B I 4% 15 R
I AR N R BOE T & . (EAE PP IERIN, TP IR “ BN B
N7, AR N R R VAT A RUE B, HIRE R @ Ett B M
SERTARE I 2% AL IS, SRR MO E PSS Lk A RIS R B 1
A0 7 S AL BP0 e, AT R P B 22 RE A R R K

HARDL T, oS & R B ASFr AR L, oA ECE 4% BT — K
SR 32 IR T2 PR RGeS U TS RE I BR 1, R BE R e B I A3 1Y
SOFAR, JEE R AEMER 730, BEEREE NIRRT — K
BeAt, HEif R guistr il i PSR E RO, B =g KR ST 1T
£ B D E R ARk el Ferty IR =R X KO VYA B TR (SR -V Sl h e
Wb, FESE PR BT P RCRE B IR 3 SR AR A Al R AR O EET I S (R PR ORI 4R (1
FAF

8 4. EETRLEINZRHRGBITRMAS, BEEEREMSTHERL
HFEMZ FREIERR, BONEEM KT Xk EEsh{E?

ANRLAEAE BR KAl T PSR 2 JE FHE IR IR R . B — 7 2 i R Gtis
TR E A NATN, AR AT AE LTI o s DL i BB 2
U7, BEEBATI RN, S RGEN, Hakasaitn, YA,
T RGYEREE R, 2R R GSEPR AT VERE A A U . A T R gris AT Ak
R EEA R AFE R A, T RES S EUE s B I SOE: 15 2RI
BEANIE 2 IR R W] B T EUET G L R B R LR R BRI, BRI A ST
BOERR I BB, FERRIN W2 J5 75 1 R G r s Al 2 > P 4R F 72 4 A
s g #Esh

3.4 ETRUEIFENTRRREITHIERE
(EFE5Y %5 15 3.3 e (g DA LS , A SOHHE T AL ) B 25 R 418
A7V 1 S PR 0 43 A9 0 6 W B TR B SRR BRI AT BDUA Y

Bo
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9 3 & R I BENEE AR R GusAT U RN

FERER BB, B 5GBS A D 2 R Geas AT AL 1 b B3 AT B bR S5 1A
AH, RSO D RBER ISR, 2R SN, RLAE R 2 A AaR BUE
PSR ARzl ik, g SO 28 o A = ST ) o R R 2 1) o i 1 2 5
2 2 AT AR S AL

FERTAERT B R ST I A2 iU S =5 i R Jeis AT 8l IR 0linion
s ) i s o

FERZEPTBL SRR RSN 1, 8 P I R SR B AT RS &, JF
M BUE U IR B RIS B E g R B, IR HIP R s R . R
A B S 2R Bt 5 0 Q IBARSEVEAN i BB fL R K0 i 4%

FEIZATHNBL X TR RSN Z, 82 I R SR B AT RS &, R
Mse R0 (BRI Q EE = EE) #E Bz R EAIME, 10Ut
DARIHERIR . FFARER iR SR 2 s S G Q B ASE AW B E
bR B AT A

R 3.1 NET s S S IR I A R G AT I iR e B AR

*® 3.1 FF s I RE A R G TR

HES BB
1) BZ R GUEAT O A AR O By R B R R AL AR
2) BUEWIEHBE A B AE T RN R T35, SO R R 22 1]
3) HAERZR AN UL AR R BUN A, IEFE R AORILAS, WEITI B 7 AE R E0EIL

R AT
LGS
1) BPAEEFRMBEdIREB T E ARG, R
R B

1) EARIAR I BocsE 2 S F1 e A8 s BOE T4 -
2) FKPHAPRSE s.
3) EAELLNILR:
a) HECRE N s TAFBIER Q (.
b) AZMIRR MG LI a, PATEE a HET—RER 2.

¢ ABCMAIMZIRA R s LRSI BN KB, H(s,am s JMENZ

Lk S

d) IR A BIME R BOBUT o OB 26, 25 A2 WA e 00 o v (K M0 SR (L BR
Hoginds, HEWPAT T8,

e) ¥s MMEZLs.

31



[Fl5F RS S A ST s o7 2 BRAE 2 1 R Geis AT DAL o 1 BT

(% 3.1)

BATH B
1) FRRHAREE s,
2) HEELUNRE:
a) HEIRE N s TAFBIER Q {H-
b) GEHQ EEENE a; PATEME a HET KR Z

©)  AIARII LR s DA RI K  r, Ki (s s’ JMEA
L% e

d) U T 0 R ORI 35 5 T, 2 A S 2 O o 1 s B
REUEIL S, FEIGT T2,

e) Ks WMt s.

3.5 KEEE

AN B EEARVE 1R S S SRR R Gus AT A RN O e BB H
AT AT N 7 R AT R 20 A I R 45 1 FAE R T INA7AE Y 2 e L 121
S/ Lo WIS E et DR RSE ~ S a i A e e N NE KU I IR P ES R g NPVAZE i v
I T AR SO Y B N 7 AR B A ST T R 1 R, e iR T O IE
I T 5l 2 2 SRR IS T R Geis AT T ik
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4 E MRS

BAE NRARBISH

A BRI I R S5 R s s A 2 S BEEAE A R G AT A B S R,
TR NS OLEAT HR b . RARRGIEHS: (1) smflss > i S22 KR 2
RGN (2) 3k 52 S P A2 2 IR AR ER & A IR R ST B A 5 (3)
S S 5] 5 ) S A T FE M XOK FH e - IR AR RGP N o AT e SR 451 4
PSR 25 > 2 5% A R 2R ) Sl SIS A ], S48 00 A 5 e 2 > 4l
IR, S T OQTE AR g A ST 4 ] S R R N R R Gt AT AL ]
A, I 5 R RS R RCR AT R L, S0 = T RVEAE S I R G A
PRSI O T, 38 o e = > P d 4 v 25 T AR L RE R

4.1 UFIIEHRETNETHRETINA

411 B=NE

RATIHEILI TR GO — B2 ARH, BRI 475 m?, T RSN
AR RGE, G ST & 05T T A XA R, WA XA X
BUEEHBEAT P AL, 15 A SCHILAE T A2 2 PN 5 3 B 5 SR (RTINS RS AT RE A P A 1M
RGIAT R Hbro

X DX AT I8 R T 1 J T S AR R A SRR B s ) [, B X R SR A B 4
A, KillianBI% T B AT O A B =F 21 77i%: PID #H], PID # ZANR
M A5 (PIDC) AL AL TNA% il (MPC), FREFE 4.1 Bos f13 5o = Aoy ikitt
17 7. PID P 4% A5 I B 2 5 Ve 5 B fEL I A7 AE P2 I, 0 e B e 4
A Chn P T AR ) TV Bl 22 B T3 5 24 o I 21 =5 A IR 50 T B2 R T P
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FH A B 9 e 307 FLARE AR
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K 4.14 GEVERERLA 2R

ARZEBEM Python 18 5 9 ST @EFUBA IR G0 22 5] 15
Hl8%, ARAEER B LA SRR .l BE 7 HK )y R SR A 5] 4%
& I AT R

424 FEHIERSTEE

HAREBATIREPENREEI . K 415 FRoR i imiss 12 H| 481817
Bt OREHE =T NRENELRLEI, P ELRSKIOVEERR 8:00
A1 18:00 I Z1. AEFFATLIE H, ESEAERER 18:00 Z A, @ik lishl o i
Wkt = NIRRT B GG X A, 8 S I AER IIT R o FIRAER N e = A 1Y
I P ORI EELERFAE R iRy T 18 C T BL, 6 AL BT 38 58 22 3R 1A [ I T P i i 3
AR, AT R RERE -
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Kl 4.15 SR sm Ak o7 13 i) g i = N T B2 AR A

Kl 4.16 JvBEH AR IER K T 70 LR OL, RIS, T omfess )%
Hl R Z BT 20, AEFEKE o e, it Ehatisir =1+ RXE R
ALV RN, 2 &= AR F & X TR 1S O, &7 1& 2R

FEARLFUURILE

12% 12%
3 £
-, 10% o 10%
X KR
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' 6% ' 6%
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#HE I
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/ /
A | [l [ K H -
I o I 0

1 11 21 31 41 51 61 71 81 1 11 21 31 41 51 61 71 81
i) (OR) IFIE](OR)

K 4.16 & HAETERA [0 LR AE DL CERUDNBATHE 4, HEINEBITE 44

FE R RO IS AT B F AR B s BT sk 2 S 3 88 (I8 47 3UR , AR ik
EC P A 42 i) SRS A Joxof L SR, AN SR B4 AL I ) S A g | AR
AR T JE 5 56 P 4% R 5 e 2% ) 4 o SR 1 — 35, 38— Pl il o 36 1
REVEFHERE Y [ o2 = IR FEISAT 50, EARRIh e = NIRE N 19C, fFH
PID i 45 Ui 2 SR IR I v e 8, 38 Rl g v BB Fiei 2 | 7
5, B bR R BORAR B 20 3R L2 (4-9)
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tend
minf cost (Php(t) + Prux (t)) + penalty(T(t))
0
subjectto s;y1 = f(ss ap, we) (4-9)
0 <Py < Prax
BEEGIE KA 30 708t I E & BRE KN ZAVNE, SE PSR T A
Iz ) T AELBY, ol o T o P (42 1) AR AT IR BN o R T AR R 48] v R A R T
Iz 1) D iR AR g TR AR A b 2 SRR AR R e 4 1, BB T 5 Sk B R 4tz
TG, AMPAEARAT W2, AR AL T2 il TH S HS 428 ] SR AT LLASAR B
DTS ] M
Kl 4.17 FonR A R BEAE SRS 1 A7 I 3873 I8 18] P9 2 N IR BE (R AR A e HE
HoRH PID #EHI I, = NIRE IRIFAEREE 19°CHET/NMERE, K HBAL T
MR 7L ST RGBT, B TR S B S A W2, R LF-5
MEAAIZER], ENRADESHNN, K RGFFINEERE, ERK 18:00 Z |, %
il o 23 E T = N IR RS B SR T R R X ], S B IR TR, BN R
RN, = NIREZIGARFREN =T 18 CHIKF

— ENIRE(PID)
— ERFRE MPC) ||

T R

0 50 100 150 200 250 300
B

B 4,17 SR SRS I AT IR = A IR PEE AR A 1 L

N T B EIR PR AE SRS AE XS EE, SR ST BRI RCR
AZEBIE LT Score FEbr, THEINEM AR (4-10)f7R, A cost AARAFIZAT
RIS A RAUSAT 9, Score HUEIBRIZIE 1, JUREIRAE sRAL 52 S]] 5
IS R 0T B e 1) S . 1 4.18 S Score FRBRBEIZ AT REARML, £ 4.3 A
IBAT ARG N AT RIS BB 0L, T DB HAEIBAT W, sl STl Rk =
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“IBATAL”, 1847 o B2 T8 F B e I ) SR s 47 3 A . B ik
OB SRAWIRER, “IBITARK” N, Score (HZELA K, #ILE AL
Ze4E o, Score {2 0.55, 5[] 52 i 145 ) SR BE I8 47 P AR LLIRK T 8.3%. 1F
B M, SRk SIS NS T B, AR OA “CBITa%” Mk
%, BIPEL, BTSN, Score BN 0.73, 5[ E I 1R ] S 1S
17 2% FHAHEC FEAIC T 10.8%.

COStRLC - COSthD

Score = -
coStypc — cOStprp (4-10)
1
0.8 P
= 0.6 N
: —
S04
0.2
0
1 5 9 131721252933374145495357616569 7377818589
K
—EITH I e—ETE
4.18 Score $R¥RFHIE T KA AELL
4.3 FisfT RN
Z1T%% | Mtk PID 217 | MHLL PID &84T %% | #HLEL MPC 3400 | ALk MPC 847
Moo | fHTECD | BB as BATHRH o) | AHEINE 4
RLC % —4E | 1566.4 140.9 8.3% 115.2 7.9%
RLC % 4 | 1523.7 183.6 10.8% 725 5.0%

ORI UE SR AL A S P 1 B AE A F PR IE PR REE SN P I B @ M1 R U BT80Ny
125W/°C, S s ST ORI PERE, [RFEIE A AR 007 20 T 55048 2 1) SROMSS 42 A 8O,
K1 4.19 N 2 HUa 3% X A ST & N 1 70 LR O, FEE AR 5 U, N
270W/'CHIIE LA R, FEsRAL 22 S FEH ddis T — M H BN K e, A 7ENRD
HAFHLT, 2 I R S G B X R I 0, 638 B B RIEAAT DLER
il
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ITH )

Kl 4.20 HU,=125W/'CI}, Score 1BARRBHIZAT RELMILALIEIL, & 44 N
U,=125W/°CItf, A[RIEAT SRS T a7 2 FH B0 UG Ol o b 28 — M 45
W, Score {Hy 0.52, 5[] iff BE 4% SR BE (RIS 4T 3% AR LUK T 5.7%. 1E25
MR, SR RIS R, BeNHOE “BITARR” MUUE,
SR, AR RES, Score {HM 0.81, 5 [E] il B 45 I SR HIE AT 9
FHFHELREAIS T 8.8%.
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08 e
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4 0.2
R
§ 02 1 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 85 89
-0.4
-0.6
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-1
AN
—EATH A e—ET
&1 4.20 Score $EbRFHEIZ AT RE A (U,=125W/ CIF L)
K 4.4 FIBIT RN (U,=125WIC 5 L)
2173 | ML PID 1847 | #HLL PID i2172% | AHLL MPC 34/n | #HLL MPC 1217
O | ATHECD | AEES T BT o) | BN L
RLC % —4 | 7455 45.0 5.7% 41.9 6.0%
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TEAR R BOEE MR ERAE CRIMRENE ST RN ZER &1,
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HERDIRS Bl B2 M MEM IR ZEME, HrhE AT i 3t H O
I 22 SR EE AR AR T AR

X T2 2l FH R IR BEAT R IE I, O T RGUR, A KA
B PR T A AL ARSI 5 SR, AT 34 28] 36 A2 JE SR A7 A7 Y [ I BRI R )
Hiw. H AT CA 7k ar i BusE N H it VEC 5 EEV RIBE& #7772 T LUR
5 BLE AT 5 TG ZE B0 24 T ) A ) s 22 (TR B AR AT LA R 4 LA
b, AR S i A S ST s D H AR R 5 S AE AN [R] B U RS T G ] 1 R b 1
BV E T SEI RGN RIRIZIT . BT BOE RSN T 28 (A IR
PFUHEUE fIFAED, SENBE VMR ER B2 TEM iR, REANRGH
(B2 EINRINZ G HIEHUH TN ZR AN 5 A ) B oA T A2 7 A 17 400 ) ) 22
TR AT

B ORE SCHU A AR RS 0] o 1 S 8 SR AT I 5 B = (X [
L NN, B AR B3R AR S SRR AR IR A, N T IRIE R B
[ AE L, & NIRRT BARFE T ok, KA H IR, KIELA
R (HIKEBERERINERUERNLEE) & TR & KRB EM K, A8
i R 2 AR, AR /N T JLAIUE e I 1Y) 60%I] , AR s R0 2. 2 T I,
FHUKENGERCRYE N, SHEED—ERE, REAHTTRE. Kty
i I G ELRE R ISR UL R BUZ RIS DL, 75 AR AR S B E B/
M, RZF, REEI R E RS KER/NLEL TN 0.5, FIL&E B6
5 Bl T E MM EX A 0.6kgls 2| 1.2kg/ls, B2 fEMERIFEIX A4 0.8kg/s
F 1.6kgls. N FHSRALSE IR GRS, T EX SR AT B B DA T
72 5 B AR B AR TS HOK ) 20 VR 2 8] B 0N {O0kgls, 0.6kg/s, 0.8kg/s, 1.0kgls,
1.2kg/s}, [RIA 24 K BHAR S 5 BEAR T 250W/Im2 i, U< PRAE 3R TR, B e shfEN
Okgls, % T2t ERF RN 426 B1 5 B2 1R E, Mo E Hud R b
BRI EIL TR, R B F 2% 18] B A {(Okgls, Okgls), (0.6kgls, 0.8kgls),
(0.6kg/s, 1.0kg/s), (0.6kg/s, 1.2kg/s), (0.8kg/s, 0.8kg/s), (0.8kg/s, 1.0kg/s), (0.8kg/s,
1.2kg/s), (1.0kg/s, 0.8kg/s), (1.0kg/s, 1.0kgls), (1.0kgls, 1.2kgls), (1.2kg/s, 0.8kg/s),
(1.2kgls, 1.0kg/s), (1.2kg/s, 1.2kg/s)}, H Aol ai# N BL G R E, &
N B2 JEIN IR . IR K BREE S R AR T 250W/m? B, DG PATEHAZE, R
WE BN EA(Okgls, Okgls). XF T #EMA AR, WiE B2 JEH IR BIBNE A
9{0.8kg/s, 0.9kg/s, 1.0kg/s, 1.1kg/s, 1.2kg/s, 1.3kg/s, 1.4kg/s, 1.5kg/s, 1.6kg/s}. It
b, B I B I, MR K R B B S BUR G AR Tk 2 1B
IR A, AL 2% A, 4 f g 22 KT 70%I0, B4 25 (R 4 ek {1.4kg/s,
1.5kg/s, 1.6kg/s}, 24 i AT 90%0F, B2 JEH I & W & N K EisiT,
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P 1.6kgls. {5 FH ERFLIU SRR 1 BB AG B PR -SIE AL S, 4 1 IRES-301E
(8], AR SRS SIS BE R ER R I X BT IR R 2 2], — 7RIS 7 3REUR
Pzl SEug B FR IS [8], 53— 71, & 7 RFEBAT IS

W E WIUG Y BUASE FH B DA TR0 g4 o 7 2, A R A9 I WT 4R 38 A7 0 U] % FH 1
PR EDE RIS AT SRS, T AR HOKEI %, W8 B6 IR Y 1.0kgls, X T
B RN E Bl 5 B2 fEH R E N 1.0kgls, X TAFEMFEUERE, WEi
B2EN 1.4kgls, FERGIBATHI AR, %M EIRE E(EIEITHRIKEIT. FIRWE
EPSRIB A & e, B MEEE TR R R R, TR ) 3 2k 7
Bt EIRR OB AT SRS AT RE

I Ja T E R R RS A AL 2 ) BRI OGS4, IRR R £ 5 2201 4.1 A
A e-tr O IR R NG, e B Ne = max(e, — d X Ae, 0.1), Htey, iy 05, Aely
0.02, dANRZRM BRIz T RE, WEH FIT ARENE, BXHe-O0RR
EREEE. W SR RGN NIEIT B .

AR, HT =R T3 E 1) B AR R 2 SR G AT K i) 2
R, BT Ty 08 0. A4h, ARZEEIGEBEN S BETIRAE N =445
il R R BOE L A5, BOE RmBENIR 24 WEECH Y 50, 70 2T sl /D
KA 3.

A58 FH AR o il A LA A D9 B bR B0 T 28 N, B BR B0E IT 35 1) 58 37 B 2 30 46
AT FEA o AR G0 v =S s 27 ST 45 1) 2% B8 BR BCE BT kA B R R —
R, WAMEIZATIEREF, Yomib s ) i3 I A G B RAT ), R 7A]
FOFHE R ECEIT A, AR E R AT oL HIR A G BERAT )y, BEXTAR
WKL, A TE IR 25 B AR RVE /N T O BF, T S7 Z00 B8 387 AR 1 oK il %6 RLC
AR ECET S, S HEE IS ENRE/NT 0 B, WSZZITF 2= & 4
RLC WERBUEIT A, ARG AR /DN T @A RN, 7255 4 2
K% RLC FME B EOE T 25 -

433 HEBHEFE

AR BRI 77 2O R T AL 2 ST SRR I S A R GUE AT R
BEATIRAE, HA i EBAYE TRNSYS Hig 7, TRNSYS & S8 iy 2
e AR F A H oLV R IR IR S, RUEA SCA B IR, (HSC S
HEHUY Typelb “FH K FHRE S #hvds HRER L E T & 10 L, Type668 /K-/K#H IR
W ITCVEAE TR AR A M U AR 8 T, DR R 0 FaR AN AT AR

ARZEEMG FAE R R 1)K FHBESE A E8 2% Duffie 5 Beckman®I Hi i 7
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%, EREHARATH Q, % TR (@-11) 115
Qu = Ac X Fgl(at) X I = U (T — To)] = mep(Teo — Tei) (4-11)
A NERISHI, arRIR KFHDCER ST RIS, T KRS AL, U,
PRI B R (collector overall heat loss coefficient). T, A% N LR
[, T, RANEIAFIRE, T, WERBH IR, F AERS G H T
(collector heat removal factor), HAEFIK/NSEMIS I, LRI ABUR R
AR AR, HiHE ALK (4-12):

_ mXg, 1 A. x U, X F'
R = AchL[ exp mxc, ] (4-12)

A FONEERER SRR A T (collector efficiency factor), F'f1U, 2% H ReindI®4
A1 Bujedol®S12 fit

A A5 4)7 AT o (R 7K K PRI B BE AR AR N AR B 1 00 COP (32 4k,
BEXT I MR IR AR B R G, /b WIBE T 2 0 2 T ml A A A, T kA
B IGRIERE, EZuZ W AR, HIEPLZH COP 5 IR AL 47l i i
P CAP. BB MIAE Mey MR E Mey 28K 250 [BIZKIRJE Tei FIVAHERS
M H KR FE Teo, BEALTE XN (4-13) 7

COP=80+1CAP+B2CAP2+B5Me+BaMe?+BsMc+ M2+

PrTei+PsTeir+PoTcotfroTco’+11CAPMe +512CAP-M. +
(4-13)
P13CAP-Tco+S14CAP-Tei +15Mc*Me +f16Me*Tei +517MeTeo

+ f18MceTei +S19MceTeo+S20Tei < Teo

KWL RE AR BUE ST R M 2 n AR et A, WS R & A S8 K
S FH B RE A B Sk 1 T 5y EXLSR250.1 I WAL SR At i REAS ST A

AZGEH MATLAB tE & %S5 Ry MEAY, i TRNSYS 444+ Typel5s
K9 5 0P BT AN B TRNSYS Hf, fii A Python 15 & 4n 5 94k 2 SIF 4%, il
I UDP #r3, H Internet socket 177 VAR A& 10 B o F5E 4F 11 K FH E-Hb Y #4
ARG RIS S b 2R TRNSYS 15 BARR I 4.24, #EArp i 43
BREEON 1975kg/m®, S ARBCN 2.44W/m <C, LL#HCN 21200/kg <C, ¥ B HiIHE
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E if self.get_reward() < 0O:
return True
return False

K 5.4 7F rlc.py X495 ) RLC T2K

W Ja, JPE 4t Ul 2 ok ib S ) B 23 TR TAE B 3%, %\ python
main.py A3 FisfT R, BInlefromfb & o1 hlas . misiTdigd, AT
DB ERAOROL, THEE TIRIEYIEE, BAEREARIEN batch.csv ST
¥ Q HKRBUEIT 2 S BURAE N Q_Approximator.model (A, FEHAE T HBREK
TEOLIEER G T PR, T AT DL IR o4k skis 17 .

5.3 ANE /2

AREEINH T HIEES Python HIRF & KA A HIIE1T 388 Anaconda,

70



H5&E LHIFAK

FEHT I 21 5EAG E, AE Python 5T K 7 M T2 R Gis AT AL
oAt S P e BT LR, /a7 B LR B B A TR AE, MR
LAE I 35 C B SO AN g 5 ] SR IAAS 1) 7 SUR A s f o S 4% Ja A s
N2 FH S 456t TR B PE s TR IEAT 1 o

71



[Fl5F RS S A ST s o7 2 BRAE 2 1 R Geis AT DAL o 1 BT

FoE HRERE

6.1 Z5ip

T RGABAT AR T BE R ZL RS 7). D RGIs AT IR A B
PR AE A A2 T2 XT38 R AT N RS AT RE (Y PR BB BE REFETH 9. 0 1
38N AR A [ R DU S N S AR TS DL, AT B A R B R S K BeE
EEE IS T T IR = R RER— B R T H RGBT I BT U . B 2
VARG PR, SRS R R SEIRB AT Bl A PR A, PR3 A B (1 2
WARGBATIACEA 0 EENBT IR L ACR L2 I FEN T2 24
BATIRAL A, BRI M s A Eh (177 SR ST S R RSB AT RE T

ASCESExT H AT R SRS S B REAT AL, RIS Q IMAAE N T
st S S R FRISAT A AR SR . #6T R, X2 I BRI RS
IBAT AL AR R R 1 DUREAT R 70 B, 3Rt 1R 2 TR 2 ) g 92 5 2 T ik
5 S W A AR S G AN B, 85 R A 51N i i P = S0 42 1 3 i 7 114
KR8], DRUES: S RIS RO T Sk, AEBbb At b 1 S e A il ) B A4
)RR, BAE 1A TR S R R G is AT UL I8 R SRR R . AR e I N
FISRBISGAE 1 5T o8Ah 22 X FR R 2 R G T AR A Rk, 4538,
HHUESIE A L, Ky am At 22 S P N 128 KR S 1 R G 2 R R KA
WIRR G, EIBATHBOATA RIS AT 2, R sl o2 S 2 45 N H 7= e 3
DR PFHE- IR AR R G, EISATH BOT A R R G R IR B S R,
FEAIG 2 2R M i BOB IR VR RS RERE . BRAh, X oAb 27 ST 2 5 1) 82 FH A ek
77t g, &ARA] Python iEF Hife, JFA @S H RSt 2142
WA T LR, NIRALE RIS B 52 R g bR Ukat, @i il A
s rittt.

ARICEL RS, 5P T 4518

(1) A Q IEMEF I — R G B sl 22 21 5%, B HWR R R, &
AR VERAOAT A, TE A AE AR O U R R G AT IO R A it ot A 2 S B
%

(2) Exf Al aE SRR MRS AL ASCR A AR R Gris AT ot i i N A i R
I NUES B B AIRH B AR R B BONUZ AT I BL Hiid 7 &P BUe B IR TR,
B B — e HE A o BRI 00 5 s A SCHR IR 2k Al 22 ) SRR Y

72



6 & 4t 5RY

T RGUBAT AT IEEAT T I, S5 REoR, AR AT R GHs AT A
i 2 = N EFE R SR A RIS, Al DA R S REAE B s i AT 9 -

(3) AR R T oAk o S SR R R G AT IR TV A 0 S e A iR
HIMRAAE AR, HaE PR ARy i, BeAh, SRR TR VAL, 32685
RSy, TEHRAATIRS A, S N g Ry T A A S, RS hs TR
2 53 U E .

6.2 H—LTIERI A

HI A NIRRT R SR, Tn_EE 77 5 I 18] 55 R R R 1, A A SO 46T
sl S AR S T R GUSAT AR FOEA 58, ERT U IR A D R R g
foR, NI A SO B IR R 1 R T 5 2R AW SO R 1, R S .

(1) AR BT 5840 5 S BE Al R G AT TNk ARG T |
Bk, (G2 SRS AT ROR IS UE P 5 I8 18] J8 S AN AR FU T Ta] PR, PRI R R AE
S0 25 SR A B A SR G T BEAT BOIE o AR SR B A T DL BRI B A S B A
L, R RREAT SR RIS e

(2) A SCHF I AL T U] B2 5 Ak 5 2 SRR TS T R Geis A7 /K7, AET
FC B A kA I A PO s BV D9 R 1) 08, (EAE S 2 R Se b i B =
ISR IAEAN 7 FAE RGO, B LALEE S T AT 70 A R DG Jinox £t i 4k 22 F At
7T, el BT A I FIRR S R RGBT -

(3) FESEBRN I, 7 HRIEAT AL 2% 1 2R Gris AT n) & BRI R E 9 ik 52 >
FUEAHIZEL (PIadrn N TR BoE . Q EREUEIL NS M BES), H
HIAR S Hse RN, M=K, Tt Prwtse, RN+
M BRI S .

(4) ASOF A H - s 2 5002 ] R G s AT DAL Pl 7 0 9 A 2 ST 3 i 245 R A
i T RAE SB35 BC B SO AN G 5 AR, A D5 AN i (3, AR AL
TR TR, IR TRRAERFREIE B 56 R g,

It 5 B R R AR AT SR RE BRI v SR NUAJ A R ) Budls B 50
22 R GE AT I TR AT ST RE U U L, 2B AN, B IREA
ML S5 I BE IS G 5T R RGBT RE TS AR R K RS . N SEal
FE I R GRS AT PR A IS AT AR B H b, JRAT /5 A5 77

73



BN e S VAT e

Bt

B TR HE, A2 HR |8 T = F R R A A TE BT 4 R R IR B AR T,
REFEFABHIRNEIT. B, HRAMEAZURRENS R,

B, EERUEANFHERBFAR S RO, BHERTENEFIE.
1o 3 KA TAEE R AR AN A B S ERENZH T K, % NEITHA
REEREANEKE, AHAIETY, FEZITHHRERENE CRABHIE,
ERAHARIEF, @%W%T&%m%%%,ﬁﬁxﬁﬁﬁﬁﬁkﬁ AN,
HBERRELSBRRLEERIFTENERNS, BRET RN, ReTROE
WA, B RSHIR AL By B e £ T, %%ﬁwﬁ%%w%% EENE
BEALRE RGN, SELTHIREEHREEX, ERAFRIEF, &
FIMREE— 4 L mEHFANFE A, HAREFTWNEFZIENL. R ORE (L HF
HERMNFEHT, IRERXBLENERME.

Rt ZE T E T, EHGEIT R . 4B I T4 v x| o 82 VT 4 AT 5 A B B9 # Bl
5%%, ARG -FRERA/ AL, £ERFIHEITTIFILFHEEKAN]: T F .
HEIR. . EfAH. FKA. &, B2, BE. —B. #EH. R,
FiER, FELGRESMNERATNHRER L, RBERHWELR, EEFE LT RN
AR, RE—EEIM T EENEFTTFAN. REKWARAERT RS XHTF
EXNRAEFEBLHMAEN KL, BIRH— %W#ém?&%@u Rt R R A,
REZRORXE, BTN RAZTE —MERBWEL, MMITANEERHASE
AT & 5 A7

G RU A A& Z AT AR SCITE, T AAFIR. BAFHR, X+
T oRAHERMFREZAL, FLEMNUNEREEREN

TR HE
2018 # 3 A

74



[FIBE RS 2R 50 255 30k

SE MK

[1] B A RS EZ. ExRelR, Rkl “+=7" MLl
http://www.ndrc.gov.cn/zcfb/zcfbtz/201701/t20170117_835278.html

[2] EUERN. B RE IR A ke % A L a5 3], BACHIE, 2010(39):10-13.

[3] LiuY, Yan H, Lam J C. Thermal comfort and building energy consumption implications — A
review[J]. Applied Energy, 2014, 115(4):164-173.

[4] WERRFEGTREDT A b, T REAE B R T AU . 2017[M]. o E ST Tl
R, 2017.

[5] E£5°. FTuit i B A ILE G A A RERE 7 i 5P [D]. 51K, 2012.

[6] Samuel A L. Some studies in machine learning using the game of checkers[M]// Computers &
thought. MIT Press, 1995:206-226.

[7] Mitchell T M, Carbonell J G, Michalski R S. Machine Learning[M]. China Machine

Press ;McGraw-Hill Education (Asia), 2003.

[8] Fan C, Xiao F, Wang S. Development of prediction models for next-day building energy
consumption and peak power demand using data mining techniques[J]. Applied Energy, 2014,
127(6):1-10.

[9] Fan C, Xiao F, Zhao Y. A short-term building cooling load prediction method using deep
learning algorithms[J]. Applied Energy, 2017, 195:222-233.

[10] #&¥4E. T ANN FIBUAGE XOT 2008 218 12T PEREAE L TR 55 [D]. A5 K2, 2013,
[11] Han H, Gu B, Kang J, et al. Study on a hybrid SVM model for chiller FDD applications[J].
Applied Thermal Engineering, 2011, 31(4):582-592.

[12] Yoon Y R, Shin S H, Moon H J. Analysis of Building Energy Consumption Patterns
according to Building Types Using Clustering Methods[J]. Journal of the Korean Society of
Living Environmental System, 2017, 24(2):232-237.

[13] Du Z, Fan B, Jin X, et al. Fault detection and diagnosis for buildings and HVAC systems
using combined neural networks and subtractive clustering analysis[J]. Building & Environment,
2014, 73(3):1-11.

[14] wEiBH, BRitbas, B, smfb2: S0P s [J]. B3 #4k, 2004, 30(1):86-100.

[15] Wang S, Ma Z. Supervisory and Optimal Control of Building HVAC Systems: A Review[J].
HVAC & R Research, 2008, 14(1):3-32.

[16] ASHRAE. 2003. 2003 ASHRAE Handbook—HVAC Applications. Atlanta: American Society
of Heating, Refrigerating and Air-Conditioning Engineers, Inc.

[17] EPhok, WEEHE, Piadh. —FhEE TR R SR R BRI R R A R PRI IA[]. A
I7fiE, 2017(3):19-23.

[18] *ifg, skiEd. 45 PID B R E B /E HVAC RGEH HISEILI]. AR R4k
2008, 36(s1):119-122.

[19] XSRS, WREcHF, diah. TR TRIE G M R R ATI 0T 5t FE[Cl i
T4 25 2013 4F5 AR 443, 2013.

[20] House J M, Smith T F. System approach to optimal control for HVAC and building systems[J].

75



[FlGF RS Wi Arie s B2 30k

Ashrae Transactions, 1995, 101(2):647-660.

[21] Zaheer-Uddin M, Zheng G R. Multistage optimal operating strategies for HVAC systems[J].
Ashrae Transactions, 2001, 107:346-352.

[22] Wang S, Jin X. Model-based optimal control of VAV air-conditioning system using genetic
algorithm[J]. Building & Environment, 2000, 35(6):471-487.

[23] Lebrun J, Wang S. Evaluation and Emulation of Building Energy Management Systems:
Synthesis Report[J]. 1993.

[24] Sud, 1. 1984. Control strategies for minimum energy usage. ASHRAE Transactions
90(2A):247-77.

[25] Wang S. Dynamic simulation of a building central chilling system and evaluation of EMCS
on-line control strategies[J]. Building & Environment, 1998, 33(1):1-20.

[26] Zhang, Y., V.I. Hanby. Model-Based Control of Renewable Energy Systems in Buildings[J].
HVAC & R Research, 2006, 12(supl):739-760.

[27] Curtiss P S, Brandemuehl M J, Kreider J F. Energy management in central HVAC plants
using neural networks[J]. ASHRAE Transactions, 1994, 100(1):476-493.

[28] Bradford, J.D. 1998. Optimal supervisory control of cooling plants without storage. PhD
thesis, University of Colorado.

[29] Braun J E. Methodologies for the Design and Control of Central Cooling Plants[J]. Ph D
Mechanical Engineering, 1988.

[30] Lu Lu, Wenjian Cai, Lihua Xie, et al. HVAC system optimization—in-building section[J].
Energy & Buildings, 2005, 37(1):11-22.

[31] Glenn Platt, Geoff Poulton, Josh Wall, et al. Dynamic Zone Modelling for HVAC System
Control[J]. International Journal of Modelling Identification & Control, 2010, 9(1/2):5-14.

[32] Berardino J, Nwankpa C. Dynamic Load Modeling of an HVAC Chiller for Demand
Response Applications[C]// First IEEE International Conference on Smart Grid Communications.
IEEE, 2010:108-113.

[33] MaY, Kelman A, Daly A, et al. Predictive Control for Energy Efficient Buildings with
Thermal Storage: Modeling, Stimulation, and Experiments[J]. Control Systems IEEE, 2012,
32(1):44-64.

[34] Morosan P D, Bourdais R, Dumur D, et al. Building temperature regulation using a
distributed model predictive control[J]. Energy & Buildings, 2010, 42(9):1445-1452.

[35] Oldewurtel F, Parisio A, Jones C N, et al. Energy efficient building climate control using
Stochastic Model Predictive Control and weather predictions[C]// American Control Conference.
IEEE, 2010:5100-5105.

[36] Dong B, Lam K P. A real-time model predictive control for building heating and cooling
systems based on the occupancy behavior pattern detection and local weather forecasting[J].
Building Simulation, 2014, 7(1):89-106.

[37] Killian M, Kozek M. Ten questions concerning model predictive control for energy efficient
buildings[J]. Building & Environment, 2016, 105:403-412.

[38] SirokyJ, Oldewurtel F, Cigler J, et al. Experimental analysis of model predictive control for
an energy efficient building heating system[J]. Applied Energy, 2011, 88(9):3079-3087.

[39] Siddharth Goyal, Herbert A. Ingley, Prabir Barooah. Occupancy-based zone-climate control

76



[FIBE RS 2R 50 255 30k

for energy-efficient buildings: Complexity vs. performance < [J]. Applied Energy, 2013,
106(11):209-221.

[40] Sun J, Reddy A. Optimal control of building HYAC&R systems using complete
simulation-based sequential quadratic programming (CSB-SQP)[J]. Building & Environment,
2005, 40(5):657-669.

[41] Braun, J.E. 1990b. Reducing energy costs and peak electrical demand through optimal control
of building thermal storage. ASHRAE Transactions 96(2):876-88.

[42] Ling KV, Dexter A L. Expert control of air-conditioning plant ¥<[J]. Automatica, 1994,
30(5):761-773.

[43] Coninck R D, Baetens R, Saelens D, et al. Rule-based demand-side management of domestic
hot water production with heat pumps in zero energy neighbourhoods[J]. Journal of Building
Performance Simulation, 2014, 7(4):271-288.

[44] Sutton R, Barto A. Reinforcement Learning: An Introduction[M]. MIT Press, 2005.

[45] Bellman R. On the Theory of Dynamic Programming[J]. Proceedings of the National
Academy of Sciences of the United States of America, 1952, 38(8):716.

[46] L. JeT i RE R i sl 2 2] BT AL [D]. 75K, 2014

[47] Mnih V, Kavukcuoglu K, Silver D, et al. Human-level control through deep reinforcement
learning[J]. Nature, 2015, 518(7540):529.

[48] Silver D, Schrittwieser J, Simonyan K, et al. Mastering the game of Go without human
knowledge[J]. Nature, 2017, 550(7676):354.

[49] Simeng Liu, Gregor P. Henze. Experimental analysis of simulated reinforcement learning
control for active and passive building thermal storage inventory : Part 2: Results and analysis[J].
Energy and Buildings, 2006, 38(2):148-161.

[50] Dalamagkidis K, Kolokotsa D, Kalaitzakis K, et al. Reinforcement learning for energy
conservation and comfort in buildings[J]. Building & Environment, 2007, 42(7):2686-2698.

[51] Barrett E, Linder S. Autonomous HVAC Control, A Reinforcement Learning Approach[M]//
Machine Learning and Knowledge Discovery in Databases. Springer International Publishing,
2015:3-19.

[52] Li B, Xia L. A multi-grid reinforcement learning method for energy conservation and comfort
of HVAC in buildings[C]// IEEE International Conference on Automation Science and
Engineering. IEEE, 2015:444-449.

[53] Yang L, Nagy Z, Goffin P, et al. Reinforcement learning for optimal control of low exergy
buildings[J]. Applied Energy, 2015, 156:577-586.

[54] Urieli D, Stone P. A learning agent for heat-pump thermostat control[C]// International
Conference on Autonomous Agents and Multi-Agent Systems. International Foundation for
Autonomous Agents and Multiagent Systems, 2013:1093-1100.

[55] Ruelens F, lacovella S, Claessens B J, et al. Learning Agent for a Heat-Pump Thermostat
With a Set-Back Strategy Using Model-Free Reinforcement Learning[J]. Energies, 2015,
8(8):8300-8318.

[56] Costanzo G T, lacovella S, Ruelens F, et al. Experimental analysis of data-driven control for a
building heating system[J]. Sustainable Energy Grids & Networks, 2015, 6:81-90.

[57] Wei T, Wang Y, Zhu Q. Deep Reinforcement Learning for Building HVAC Control[C]/

77



[FlGF RS Wi Arie s B2 30k

Design Automation Conference. ACM, 2017:22.

[58] Vaquez-Canteli J, Kénpf J, Nagy Z. Balancing comfort and energy consumption of a heat
pump using batch reinforcement learning with fitted Q-iteration[J]. Energy Procedia, 2017,
122:415-420.

[59] Cheng Z, Zhao Q, Wang F, et al. Satisfaction based Q-learning for integrated lighting and
blind control[J]. Energy & Buildings, 2016, 127:43-55.

[60] FR&tn, ME R, 5@tk I A LRIR ). THEHLSI BT 9T, 2010, 27(8):2834-2838.

[61] Watkins C J C H, Dayan P. Q-learning[C]// Machine Learning. 1992:279--292.

[62] &AL, HLEs2EI[M]. iEHERS i hAt, 2016 4E 1 H.

[63] Breiman L, Friedman J, Olshen R, et al. Classification and Regression Trees. Belmont, CA:
Wadsworth International Group.[J]. Biometrics, 1984, 40(3):358.

[64] Michael Bowles, ¥V, 2=, Python AL &7 >3 F0 73 B i% 0o SR M. N BRGHI H S e,
2017.

[65] L Breiman. Random Forest[J]. Machine Learning, 2001, 45:5-32.

[66] Geurts P, Ernst D, Wehenkel L. Extremely randomized trees[J]. Machine Learning, 20086,
63(1):3-42.

[67] Jerome H. Friedman. Greedy Function Approximation: A Gradient Boosting Machine[J]. The
Annals of Statistics, 2001, 29(5):1189-1232.

[68] Ernst D, Geurts P, Wehenkel L. Tree-Based Batch Mode Reinforcement Learning.[J]. Journal
of Machine Learning Research, 2005, 6(2):503-556.

[69] Lange S, Gabel T, Riedmiller M. Batch Reinforcement Learning[M]// Reinforcement
Learning. Springer Berlin Heidelberg, 2012:45-73.

38(5):1352-1355.

[71] (ERAESALRE XS =W THIE) (GB50736-2012) .2012.

[72] (ASLEFTRERIHFRHE) (GB50189-2005) .2005

[73] Energy Saver: Setting Your Thermostat for Comfort and Savings:
https://energy.gov/energysaver/thermostats

[74] Nest Thermostat: https://store.nest.com/product/thermostat/T3007ES

[75] Building Operations: https://buildingiq.com/products/building-operations/

[76] Chassin D P, Schneider K, Gerkensmeyer C. GridLAB-D: An open-source power systems
modeling and simulation environment[C]// Transmission and Distribution Conference and
Exposition, 2008. T&D. IEEE/PES. IEEE, 2008:1-5.

[77] T, JAHT, LA, 55, RRAR RGNS ERIETTREMAL[I]. L TR, 2015,
66(6):2166-2173.

[78] XM LS. =i RGA 07 1T G BIF A SAHID]. [F5FR:, 2013.

[79] W, JegE M OR P BE— IR IE AR R G 70 HT[D]. Pa/RTE Tk K5, 2012.

[80] Y3, RobertC.Brown, Y75 3,55, REM-F- A UACRH BE R /K S IR KR I FE ).
FRE T RE 2491, 1999(6):122-126.

[81] M BH, WEERT, FLAEER. PRSI A b 5 H 7 I R ) 75 V2R [3]. F -l
5 R SR, 2008, 22(22).

[82] #FRUM, XI4&#f, BEEZE S T TRNSYS HudEE MR HIE R E R MERE T ).

78



[FIBE RS 2R 50 255 30k

A% id 251, 2014(10):89-93.

[83] J. A. Duffie, William A. Beckman, W. M. Worek. Solar Engineering of Thermal Processes,
2nd ed.[M]. A wiley-interscience, 1994.

[84] Reindl D, Sun K K, Kang Y T, et al. Experimental verification of a solar hot water heating
system with a spiral-jacketed storage tank[J]. Journal of Mechanical Science & Technology, 2008,
22(11):2228-2235.

[85] Bujedo L A, Rodr fjuez J, Mart mez P J. Experimental results of different control strategies in
a solar air-conditioning system at part load[J]. Solar Energy, 2011, 85(7):1302-1315.

[86] #1/bNI. FET TRNSYS Huti B R AR B RS0 HATFT[D]. i R HIK Y, 2016.
[87] Persson T, Rchnelid M. Increasing solar gains by using hot water to heat dishwashers and
washing machines[J]. Applied Thermal Engineering, 2007, 27(2-3):646-657.

[88] Python: https://www.python.org/

[89] Anaconda: https://www.anaconda.com

[90] VMR EFFIR A 5345 30 Anaconda £ 1% 1 FH 35 Bl
https://mirror.tuna.tsinghua.edu.cn/help/anaconda/

79



BN a2 VAT s

FtR ERIEFFICES

AP ST T ARSI & A R o Tk 2 ) i i 2R i oA (BASE_RLC
FI), H P Lhl L 4k K BASE_RLC #2844 85&E T BRIl RGBT AL = 1 5a ik
S gR, S ThAEE W R

LA ARG i ik :
1. # -*- coding: utf-8 -*-
2. # AT LA
3. from sklearn.ensemble import ExtraTreesRegressor
4. from collections import defaultdict
5. import numpy as np
6. import pandas as pd
7. from sklearn.externals import joblib
8. import itertools
9. import socket
10.
11. class BASE_RLC:
12. VBRI AR AR
13. def __init__ (self, item_names, separator, action_space, epsilon

_0, delta_epsilon, epsilon_min, decay, approximator, tree_num, min_samples,

init_day, explore_day, update_freq, host_port, client IP, client_port):

*

00,

14.

15.
16.
17.
18.
19.
20.

self.names_list = item_names.split(separator) # %#E4Fi4

self.separator = separator #/7FEfF
def foo(x):
return map(float, x.split(',"))

# ERG

self.action_space = map(list, list(itertools.product(*map(f

action_space.split(separator)))))

21.
22.
23.
24.
25.

26.
27.
28.

self.batch
self.decay = decay #¥#lI[A 1

defaultdict(list) #4414

self.approximator = approximator #Q i ik ¥UE T 3%
self.tree_num = tree num #ET Z¥. W% H
self.min_samples = min_samples #ET Z¥. /0% S &/ b REA

self.init_day = init_day # #JZAM BN K
self.explore_day = explore_day #IRZ[fr B

self.day = 0 #X4hlizfT K3
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H

29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

41.
42.
43.
44.
45.
46.
a47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.

def

def

def

def

def

self.update_freq = update freq #Q {H s HUE VT 45 L H %
self.epsilon_@ = epsilon_@ #%Rgiﬂiﬂgéiiﬁ
self.delta_epsilon = delta_epsilon #FZHIKS%
self.epsilon_min = epsilon_min #FZ R SHL
self.host_port = int(host_port) #iE{EZ%

client_IP #iHB{5Z%
self.client_port = int(client_port) #ifi{3Z4

self.client_IP

init_rules(self):
BOE S R G RIS AT R
RIEME: AR R BRI SIER, 5L T R — 0y —MEH AR B E

pass

get_state(self):
TR LA E
REME: SRS EIR

pass

get_reward(self):

T 2R B
REME: REE

[

pass

shrinkage_exploration_space_rules(self):

AR IRAR R 2 [F]
RIEME: FIRIIFIZR, Hrp A FIR 2 22 5 1 m] HUE G

[

pass

set_condition_for_updating_Q func(self):
H e 5 A ST RIS Q 1B B HuiE T A%
REHE: Ai/RME

[
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on,

70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.

100.
le1.
102.
103.
104.
105.

def

def

def

pass

receive_and_preprocess_raw_data(self, data):

HCHE AR T sk 3

self.observation = dict()

data_list = map(float, data.split(self.separator))

for i in range(len(self.names_list)):
self.observation[self.names_list[i]] = data_list[i]

print 'receiving data', self.observation

store_transition(self, s, a, r, s_):

BEIRENERES
self.batch['s'].append(s)
self.batch['a'].append(a)
self.batch['r'].append(r)
self.batch['s_"'].append(s_)

choose_action(self, state, actions):

MRE HATIR S FE B
# VRN BRI FUN % £ 3 1
if self.day <= self.init_day:
action = self.init_rules()
# RRYBARIRIR R G HE 3N E
elif self.day <= self.explore_day:
X_test_s = pd.DataFrame([state] * len(actions))
X_test_a = self.actions
X_test = pd.concat([X_test_s, X_test_a], axis = 1)

actions_value = self.model.predict(X_test)

prob = max(self.epsilon_© - self.day * self.delta_epsil

self.epsilon_min)

106.
107.
108.
109.

if np.random.uniform() > prob:
action = actions[np.argmax(actions_value)]
else:

action

actions[np.random.randint(@, len(actions))
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110.
111.
112.
113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.

# ISATHY BOgE E s r s AL AR

else:

X_test_s = pd.DataFrame([state] * len(actions))

X_test_a = self.actions

X_te

st

= pd.concat([X_test_s, X test_a], axis = 1)

actions_value = self.model.predict(X_test)

acti

on

= actions[np.argmax(actions_value)]

return action

def build_Q_approximator(self):

FIaatE Q {E P BuE T 4%

if self.approximator = 'ET':

self.model = ExtraTreesRegressor(n_estimators = self.tr

ee_num, min_samples_split

125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.

es

137.
138.

ix)

139.
140.

141.
142.
143.
144.
145.
146.
147.

else:

pass

self.min_samples)

def learn(self):

Zk/SEHT Q (H R BUEIL A%

s_ = pd.DataFrame(self.batch['s_"'])

Q_next =

pd.DataFrame()

for action in self.action_space:

action_df = pd,DataFrame([action]*len(s_))

input_matrix = pd.concat([s_, action_df],axis = 1).valu

try:

Q_next[str(action)]

except:

Q_next[str(action)]

Q_next =

self.model.predict(input_matr

np.zeros(len(self.batch['r'])

Q_next.T.min().values.flatten()

label = np.array(self.batch['r']) + self.decay * Q_next

self.build _Q_approximator()

Xtrain_s

Xtrain_a

pd.DataFrame(self.batch['s'])

pd.DataFrame(self.batch['a'])
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148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.

Xtrain = pd.concat([Xtrain_s, Xtrain_a], axis = 1)

self.model.fit(Xtrain, label)

ey it

joblib.dump(self.model, 'Q_Approximator.model')

#EE RS

s_df = pd.DataFrame(self.batch['s"'])

a_df = pd.DataFrame(self.batch['a'])

r_df = pd.DataFrame(self.batch['r'])

s__df = pd.DataFrame(self.batch['s_'])

pd.concat([s_df, a_df, r_df, s__df], axis = 1).to_csv('batc

h.csv', index=False)

159.
160.
161.
162.
163.
164.
165.
166.
167.
168.
169.
170.
171.

def run(self):

EIEAT IR

sock = socket.socket(socket.AF_INET, socket.SOCK_DGRAM)
sock.bind(('127.0.0.1', self.host_port))

data, addr = sock.recvfrom(1024)

self.receive_and_preprocess_raw_data(data)
s = self.get_state()
while True:
self.day += 0.01 #35ZFRM A HR AT DU R &5 A Sz ) )45 5L, ik

TR A8 T 7 SR [ (5 R

172.
173.
174.
175.
176.
ace_rules()
177.
178.

try:
s = s_
except:
pass

shrinkaged_action_space = self.shrinkage_exploration_sp

if shrinkaged_action_space is not None:

action_space = map(list, list(itertools.product(shr

inkaged_action_space)))

179.
180.
181.
182.

ort))

183.
184.

else:
action_space = self.action_space
action = self.choose action(self, s, action_space)

sock.sendto(str(action), (self.client IP, self.client p

data, addr = sock.recvfrom(1024)
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185. self.receive_and_preprocess_raw_data(data)

186. s_ = self.get_state()

187. r = self.get_reward()

188. self.store_transition(s, action, r, s_)

189. if (np.mod(self.day, 1.0/self.update_freq) == 0) or sel
f.set_condition_for_updating Q func():

190. self.learn()

191. print 'update Q-value function approximator.’
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