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Abstract
and the ACP approach, which are also applicable to digital systems. Based on the system state equation methodology,

This paper aims to provide a mathematical representation and computational framework for parallel systems

the dual real-virtual system representation for parallel systems is presented, based on which the parallel system problem is
described in mathematical forms. Further, the computational framework for the ACP approach, which explain in details
the mathematical processes for artificial systems (A), computational experiments (C) and parallel execution (P). Based on
the ACP approach framework, concepts such as “learning and training”, “experiments and evaluation”, “management and
control” are mapped into ACP’s mathematical computational framework, as well as related concepts such as AFC (Agile-
Focus-Convergence) and “small data, big data, small intelligence”. The synergy of parallel system framework and artificial
intelligence technology is also discussed and investigated, leading to the origin and implications of “parallel intelligence”.
A campus-wide energy management problem with considerations of human factors is utilized as an illustrative example of

applying the parallel system mathematical representation and computational framework in power and energy systems.
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Fig.1 Parallel system theory and ACP method
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LRGN SE 5 VAL 5 S m] LU O S2Br 2R G 7
%, Wan LI AT I T SEPE AT N AR g

3) B PR AT R H AR AL AR S H. 5]
7 S e R G B B . SR RGP Y
I B SRNET G LU R AT AR S8, i
WAEN T RGP RSER: . MPPFI 583, SRAFIUAL B8
ffRTT 5, IR IS S b R G KRR A, AT
PLCsizprigin AT 7 SRR R RGT <R B
ThRE.

7224 (Digital twin, DT) s&—Fpr szl 4y 22
EX DR ERSSellIE St A U ElUR DS i &5 % N
ARE ARG B A B R G & 0 AR B, X B
SARBEAT Hdl 0 BT S PR U, TR TR G 5 2
B W5, 2R 2RO R, A
1117 52 A BE 28 SEAEAN [R) L S 3 55 o 1) a2 i o 0
PR AE B 1% b e F BE A% JAS AT v UIE A5 BOR, 2
AR ] DU A 2 YR B S AR B, A5 S
5 53 B ARATL 07 0T B, 7 S Il 5 B4 P S A
(RS2 bR A 100, 38 R S AT H 4 10 ) B S AR HEAT 45
HO), SPAT RGRIEL AR Y A R A B B AL
LA X R RS O TR P D, HNE
G AL ORI mPERETHE . R RESVASE
IR H AT FHIRR.

DL E 6 P AT RGeS T 7 1k S B 2R A A
®, ACE MR L, NPT RGE T, A TATR
gi e ACP JJVEENL— B a2 HE SR A R
EHTH ARG ok, B THSRGURETTE
Jiikie, st TAT RGN RSSO R GER R IE, FE
TR TNEN VAT R G R T — PP .
XI5, A ACP Jiidkdefit 7 —Fh s i aemy, e
R T NTRGE tHESE | AT HAT B e
B, DR T R BERFEFISEAT RGHU BRI K R
PASAFAT R RE R AL

2 TITRZEIBEFERT
2.1 FITHRGHEE

AT B AN AT R G B S A R o
3 DO T H R — AR GRS TR 5%, AT
XS RGUIRE T FE {SF, 84} Ktk P47 &
g8, MO “RESIORAR GRS ITE . Bk S, id—A4
HIRSERGE ST A

(1)

i
Vit = X7

XR FtR XR UR
;e X NUE,



1348 H ]|

¥ {1

46 %

HL XR RSRGTE t NZIPRA, UR JS7E ¢ 1
ZU N2 RGP, FR 5 RGO AR M)
SRR RGORASIEIN FR AER TR, () 18
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P, IR GRS PO th 3 60 0

2) X UR = ({8,802, 5 ),
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e A S R e AR e ) 5, A B
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I 1) 25 Ak R, 2 A SO P(Y), Q(), Mk b 5
4R K
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SRS R FA B 5 S R
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Feff v “what-if” [0, B RGEA A A28k,
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1) R ARG RS P(), Q() LA REERA
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9) FI NS & S MW YE, Vn i
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B UL S 2R G W 2 B ek K R R
FEHEAT T TAE, TGN F AN I A T R S0RE
sp= {5502, s

3) WL D (YR, Vi), EH A, T
GINGHERAERE P(-), Q(-), MAGE IR T(-)
Ms Ryl ek O ().

4) F—mZ ¢+ 1 2k, BREHAT LR 1).

3.2 XTF ACP AZiIHEEZREMITIE

FVAT RGS ACP 5 i 5% A1 OC 1) 2 A
&, W ACP AR SR S = 7 X <2k ) HI
gy, RISV L RS Rg0H bR AR -
FAE — 8l (Agile-Focus-Convergence, AFC) #47]
DARI A Fad s R m R BAE Bk AT ik, BAk
YRR

PLEXT ACP J7 vk E: s e it T — ek &
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— I S WA N S . B XS ACP 5 ikse
IR =Fp 5 X 2B HINGRT . <S5 PEh” . <R
¥, HErs e s .

FI5il%:  SEbr RGEIPBNEEIKS),
WA R 5 R S EF B, M ERRGE NS
KER WREEN G A e LN TR RS FIHANT
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1 E GG (OB, SRRA R B RG0IR
BER A FA L WIH HP L B RE R P, Q.
K RGPS T, S RGP hIR B C. TS 3] i)
LRG3 NGRS LR SR H ).

SR ST T A LRSI — G,
RSS20, Bovh & 80 R PR 4 A& R A8 B,
PR SBAT P S A I R R, R IR
B3] CPATEN A BRI A T B, oh
FTOMHT, SRAF &K 5T W m Oh ems. Btk 76 sk
WAL i, FA HS UA PQ,T,C B4l

k2 S YNk, I i B B RGRE A XA
RAEAUS TSI 5, WA RFEES MR
(AP LR

B XM H b2 LU S HS)
HAEME RGN SEE. BN T RSG5 %
bR R G AN IF28, i — € )07 AT 2 SE Bgh, BA
SPATHAT 51 2RISR R HARIN

{[}{47015}%} = min (D(Y’lRt?Y’lé:)"i_

upuf
D (Xfyr Xiiir))
Subject to Constraints (U, UF) (14)

1 LGP (AR, FA, HA, P,Q, T, C
T BTG 2 Y0 5 e 7T DAAER ¥ 40 £, SRAREN H A% b
WS RGP UA, UR, B liA, 2
D (X X0 p), Jom X7 S RGTRIG H o5
KA, R D (YA, YA Ll RS AR LRI,
ISR R R 52 R AR UA, UR, Al &
ST RS FAR X[ W8, (Rl ot gt/
WS RARBMES D (YR, YA, 435 A% 1T
VE I RGO A Ik, TR S <51 G109 H 17

Wit ACP Jrik iR, “FAT R S 7E Sl R
. BB WA (AFC) iR % H A, X 55 H 47 A
ACP 7L i R T

RIE (A): RIHBRERE P(), Q(-),
N SA | IR SA, ZEAEANIN R AT A
T AL RGRE, S RGBT, RN
S R GEH AN HERIBEHLAE, DAL /6 (A T3
Gi AT RAEPERIRE S SR ROH 52 2 R G 4 Pl g

B (F): KUERTCRGIMN YR, $155
D@ﬁjﬁﬂ,%ﬁﬁé%#mﬁﬁ@%%&ﬁm
Ve, FHET TR, TR T RSB, S, 1
AT ARG IR AR P R F S AL
L -

wm«n:ﬁmﬁﬂﬁzmmiﬁy)ﬁﬁw
GaEALRE P(), Q(), BRGEHRI T(),
SLRGPHIREL O). AT S R G0 At 5 8
5, IR T 2 G R B et TR
G BRI 25 R 5 B AT L.

4 FATERERMRNESHK

PAT RGN — AN EE AR REN D
B ok, RN T RS KR, WL
i 4l B0 NIRRT XA H bR 3 78 R s
bR RGOMI N YE 5 AT RSERH, &
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Fig.3 Management and control process of campus energy community system
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F 1 HTIIZRE PR A B ah 28 70 B R k4 3
mEE R (A
Table 1 The number of hidden neurons used to train
the target building and the regression R value of

training results

G BHA KA 7t (4N) R 4
1 A 30 0.88
2 IPRE YN~ 20 0.96
3 WAL = 30 0.96
4 FHERKHE 30 0.86
5 A rps 50 0.86
6 LV NS SN 5 0.94
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H AR, FedrTsert 1 4 rp UM A 2P Rl 7 vk
SEL C (XA, YP) IR LR UA UR 1Rk

EhRBEMHRE: EiZhEH OXA, Y7
i —MEP AR R AR ALK R e . H
& TSR A TR Ao B KR, e SR R R k4
REEAC B IE N R FH V% (Tterative adaptive pro-
gramming, TAP) J7 kK, RIARE AT — Bkl

(18)
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Fig.4 Comparison of the total social cost of six target
buildings and different indoor temperature settings in
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