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Abstract Cyber-Physical Systems(CPS) combines the cyber space and the physical world. As the
key technology of some important areas like Industrial-Internet and Intelligent-Manufacturing, it has
attracted more and more attentions. There are more varieties of resources among which strong
heterogeneities are introduced in CPS system than in WEB system. Due to the existence of a large
number of duplicate physical entities which have different physical environments and different
Quality of Service(QoS) respectively, multiple selectable schemes exist in the scheduling of task
resources and this thesis deals with this problem. Firstly, in term of the complex structures of
CPS system, this thesis comprehensively analyzes the existing research results of CPS modeling
and adopts the idea of Service-Oriented Architecture (SOA) to study the CPS architecture. On
the basis, this thesis also studies the similarities and differences between CPS and WEB service,

confirms the research feasibility of service-oriented CPS resource service model and proposes the
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divisions of resources, physical entities, virtual physical entities and virtual resources in CPS.
Resources are representations in cyber space of the service provided by entities in CPS. Physical
entities correspond to the concrete resources in CPS. Multiple physical entities of the same type
which have the same or similar functions, the different physical environment information and
different QoS parameters can be described by virtual physical entities in order to reduce the number of
physical entities in the model for faster search speed. Virtual resources are equivalent to virtual
physical entities and a virtual resource corresponds to one resource or more in cyber space. Mean-
while, based on the divisions of resources, physical entities, virtual physical entities and virtual
resources in CPS, a hybrid CPS resource service model of OWL and XML was proposed. This
model uses OWL to describe the services provided by virtual physical entities, physical entities,
and CPS upper-layer tasks respectively. And it uses XML to describe the QoS parameters of real
physical entities. The model description method proposed by this thesis combines descriptions of
the cyber space and the physical world, links up the both, connects the discrete part in cyber
space and the continuous part in physical space, reflecting the logic of the cyber space and the
reality of the physical world. Secondly, on the basis of CPS resource service model, a CPS task-
virtual resource scheduling mechanism based on intelligent planning was proposed. This mechanism
identifies multiple candidate resource sets that meet the needs of the task which comprise the
initial scheduling sequence of resources. Thirdly, according to the QoS requirements, this thesis
builds the resource selection mathematic model based on multi-objective linear programming and
makes improvements on the critical steps of multi-objective genetic algorithm. And a method to
solve the model was proposed, which is based on multi-objective genetic algorithm for resource
selection algorithm. The optimal solution obtained through this method is the resource scheduling
sequence that meets the overall QoS optimization in candidate resource sets. Finally, take smart
grid for example, the effectiveness of CPS task-virtual resource scheduling mechanism based on
intelligent planning and CPS resource selection based on multi-objective genetic algorithm was

verified.

Cyber-Physical Systems (CPS); Service-Oriented Architecture (SOA); resource

service model; intelligent planning; resource scheduling; resource selection
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FRSARZER A IR X T CPS vk [H] 47 33 52 44§
Pt i) Z2 A AH TR 14 i 55 275 BE— 1> Service ZERAMIA.

Context &R 7R W) BILSE K BT Ab A BT SCER 5.
BT CPS %t iz 55 455 780 %G A (] %) 4 30 5 1k O —
A K DL 3 S AR R R L PRI e A [ A S AR Y |
T H i 2> Context ZER A,

Pelnfo 8 F /R W PR M5 B T CPS %A
IR 55 A5 AR H %k A (] 1% 4 2R S A T — A R 404 3 S
TR R L B T CPS e AR [ 4 4 B 52 44 237
%4 PEInfo 25844,

Parameter 28375 W) 31524 25 8] iy B A7 8 S 40

OWL AR R 1H F AALRE W E L& AR
FA IR RERAR A D R Z M B C R OWL 3
T2 [6) ) 5 28 A P A 23 0] g2 X R JE M (Object-
Property) #1845 25 B )& 14 (DatatypeProperty).

H K 2 B] #1, PhyscialEntity 2% 3 15 hasPElInfo,
provides Fl X = /4~ X%F 4 J& ¥ 4 5l 5§ PEInfo 25,
Service 2Kl Context 25T X &.

3.2.3 T XML fy CPS ¥ H51k QoS it

CPS w7 AL Y AH [ 3R {01 A 4 B0 S 4K L i 40
PSR E AR CPS i & i B S 4k HLAE
BERS v AR A B U B SE K. BT OWL 1y CPS 1
L 3 S A e T OGBS AR £ R 55 T A SR A
FETR SCREE . — A R S B S AR X 1 — I RE
Py BRER 5 A5 S AR [ 2R 0L 1 4 3 S 4K (H 2 4 35
TRBR T RESE AR AL AR 55 LASE AN [R] 14 4 348 5 A7 56 A
155 W B 55 PE e B2 A F . 2T XML #y CPS )
FISIR QoS SR It EEE R & W LK
QoS. APy HL S A A AN ) QoS 2%, QoS %k
S — 20 LN ) B S A IR 55 R A SO L A SCfdE T T
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PIEFRICTR F XML R ik 549 B SR ) QoS. IR
CPS 2K e ) QoS —
o, IR e i) QoS AT LR o —1 R 1 CPS LK QoS S ¥ & FRAILMA
—JLH . SRR i A
er” = (QoS,,QoS,,QoS.) ) uti Qus, WIS AT A6 6 £ 95 % 92 60 Il 2 6

QoS, = {(namelD ,value ,unit,type,ex pection)

(i=t, r, or a) (13)

s A2 AT B B SEAR e 9 QoS i 3 AER 2y
YLK T BB ] (QoS, ) AT FE 4 (QoS, ) i AT I
(QoS.,)  HA gk 1 frox. ] 5 v 2 W) 3 50K 58
JH AR IR 55 1 K A 3 b B0 B B T
P2 A8 HEA 2 A AT LAAR HE AR IR 55, IEAE IR 55 T
A AT: 55 500 B S A s I i e A AN R L A — R
oy g — AT Hoh namelD 3271 W) PRS2 1A
LR, B ME—1E value FoR BRI WU, unit £
IRPUE AL type RANSBERM RESHAERL S
I I R R 3 S0 2 R W 1 2 8RR AR i 5
L e R IS L exception FRiZS KM

AR EE SR —.

7R O 9y B S AR D RAT AR g5 B AR L R —
GETH{EL Tl 0y B S A B T R ) O BB L
PR Bk A%

FOR Y BSE RS A5 AT LU T O 0 B 1.0 &
IRANBEWCIE 5 1 375 7T LA g A

AT HEE QoS

Al 1 QoS.

3.2.4 T OWL iy CPS 45 %1t

BT OWL wy CPS I 55 B i F 22X CPS
Py B S AR B AL 19 IR 55 RAIR 55 MM A9 1R SRR B HEA T
Wit BT CPS BRI IR S HAIEE 2 2. B
ZHEME W E 3 s, 5T OWL ) CPS iR 55 it
FEAFRE 6 2, 43 ) S Service 28
2% .Expression 2%, PEPofile 2%, LogicLanguage 2% .
PhysicalEntity 2&.

. ServiceProfile

Expression Service
expressionBody | String” presents | Instance ServiceProfile
expressionlanguage Instance” LogiclLanguage ProvidedBy Instance” PhysicalEntity

X:(presslonl _anguage”

@duﬂi%des kresery presented By "

PDDL-Expression

LogiclLanguage

S Profil
PhysicalEntity crviceProfile

PDDIL.-Condition

presentedBy | Instance” | Service
isa
PEProfile

serviceName | String
hasContextPrecondition | Instance | ContextPrecondition
hasEffect | Instance | Effect
hasContextEffect | Instance | ContextEffect
hasPrecondition | Instance | Precondition
hasParameters | Instance | ParameterL.ist

isa (Usa hasEffect isa

hasContextPrecondition

isa

hasPrecondition

hasContexEffect hasParameters

ParameterList

Effect ContextPrecondition Precondition ContextEffect
B 3 KT OWL Ay CPS RS &1 2 540
Service KRR Y LRI MRS, th T CPS AT Z )5

BT A 55 BT v R ] £ B SR U — A JE L)
HESZ R ORI L Pt F CPS w4 [R] 4 8 5 {4 32
HEry Z AR R 55 R T % — > Service ZER A,
Rl —A~ Service K@ T — A~ MUY B LK, — 4>
REHAP) B AR BE % 4 21> Service 2.
ServiceProfile 28 H {4 4 i #y 1 52 14 42 {1 1y ik
% s FEALPE T S5 AR IR S5 i S ORI 55 1

AT 75 19 45 . ServiceProfile 2

(Y 3= 2 AR

P rﬁJ%Tmh%fiiﬁiﬁ%&é’ﬂEE’(%%E\.

Expression

Pt CPS Bt e o5 #6820 v ir 7 ¢

BRI X%, AR | PDDL (Planning Domain
Definition Language)f#ii& CPS iy E2E 5. T
PDDL 1y | J24F 55 il i 32 2260 48 Ay £ 4% 14 F1 52 .

Expression i) T 28 & Precondition 2%

Preconditio 2% \Effect 2§, ContextEffect 2%, B 114

2% . Context-
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TR MR 55 AT B 4500 VIR 55 1 R SCRR B T £ A%
F IR 55 520 IR 55 1 B SCEREE 2. Parameter-
List 48 Ik 5% 2 %L

PEProfile 2% 2 ServiceProfile 25 i 125, &4
Service KA HAUAH — 4 PEProfile 5Z .

LogicLanguage 8 R /N1E 5 2. X B iR 15
=4 PDDL.

P b 2R 2 (] e X G 0 v iE AT O K

(1) PhysicalEntity 2§ 3@ i %} 2 J& # provides
5 Service 28 AT IR, L 1% & P K 004 B S A4 AT
DL 2 & fir 2 4t 1) R 55

(2) Service 283 i % 4 J& P£ providedBy 5
PhysicalEntity 28 #EA7 G, 18 0 2 & P AT DL 2 %)
VL ) R 4040 3 S K

(3) Service 25 1 X} & J& M4 presents 5 Serv-
ice-Profile 28 #F47 G K. 18 1 % J& 1% ] A4k 2] Ik 55
R 1E .

(4) ServiceProfile Z& i o XF % J& 1E present-
edBy 5 Service ZE#F 47 SCHK. i i 1% J@ %k T L IR
55 A5 S HR R N 4 1R 55

(5) PEProfile 2438 i % £ J& t4: hasPrecondition
Y Precondition ZE#E 47 I k. 18 i 1% J& 14 w] LA 4R 3]
IR 55 B T £ 45 F

(6) PEProfile 2438 i % % J& 1t hasEffect 5
Effect & #F47 G B, 11 % J@ 7F 7T LA 1S 3 Ak 55 $0 A7
Je YRR

(7) PEProfile 2% i@ o %} 2 J& £ hasContext-
Precondition 5 ContextPrecondition 2 i 47 5¢ BE.
i 3 2 1 R DA B R 55 1 bR SCRR B G AR AR

(8) PEProfile 28 of Xt £ J& & hasContext-
Effect 5 ContextEffect 2547 R BE. 18 1% J& P v
PIAS 3R 55 PRAT Ja 1 B R SCREERSUR.

(9) PEProfile 2438 1+ % 2 J& 1 hasParameters
5 ParameterList 28 47 ¢ G, 38 o i J& ¥ 7T DL 15
B MR 55 $AAT I T 2L 2 8K

(10) Expression 253 o X} £ J& #4 expression-
Language 45 LogiclLanguage 847 K IK. 18 i % )&
(e CIRPR R F SN Wil B ST BU T =
3.2.5 JEF OWL fy CPS 2T 51t

1 WEB Il 55 v, IR 55 15 8 AN 4 456 XA 55 19 4
RHEZE , T A5 1 1] Al 55 CPS AR R 4544 b 43 & )& T Ik
55 2 AT 55 H 3k L IR 55 2 B R AT 55 ok 3R gl .
CPS %% 5 iz 55 452 AL 757 22 S A1t XF By b 2 AT 55 1) 4 ik
fEHL. L F OWL (9 CPS [ 24T 45 & i)+ 22 x4t

CPS 1y L JZAT: 55 1 i HE 2R HEAT BET

T OWL 9 CPS LJRAE 55 it i T CPS ¥
TR 55 BRI 5 3 2 B2 Al N 4 R, F24
#i Expression fll Task P§/~2&. Task 26378 CPS |
JEAE 5. Task KB W T2 Goal fI Context-Goal
I3 MFR AT 55 Y R HARAT R SCH #5 i FIPDDL
kB 5 iR, Task 2843 5] 1J J8 % hasGoal F
hasContextGoal 5 Goal 28 #1 ContextGoal 2% & 37
Bk £&. Expression K& X 53 F OWL ¥ CPS ik
TP Expression 284 [f].

Expression

%

PDDL.-Expression
A

sa

Task
taskName ‘
taskDescription ‘

String”

PDDL.-Condition String”

hasContextGoal | Instance” | ContextGoal

hasGoal | Instance” Goal
hasGoal® /hasContextGoal”
Goal ContextGoal

4 T OWL 4y CPS FEAF &K 2B E

4 FiFEEVH

4.1 ETEERMXH CPS E5-EMHFIEREEM G

2 RE MK (Automated Planning) 2 # i AN T.%
RER AR AN B S4B A K H 5] R A0 0] S figg e [ 1 )
A UR. AR A 2 U ) Bk b IR R B B m) LK)
Wr CPS Z4erh I )2 AF: 55 %t U 0] B2 1] B2 — A4~ g
FLA R) 8, B DA 3 T4 e A Rl 52 3 CPS AT %5 1 40
IR E B AR HR R AT AT Y.

TE e BRI Hb s 0 S Te) R RS A R R R IE
PDDL #A7# R, B TA KR R E T OWL FME fE
FLA 7 1 5 PDDL B A ARRIE iy LB CPS %
TR AR 45 B A 3R F OW L 38 19 350 49 %% # i,. PDDL
R X B RE7E CPS B 8 i) 55 B 20 1) B ik | s
R AT 55 X8 Mg UL R 0% 9 B I R e B R AR ]
. 45 2 i PDDL 8 Sc 4 F1 PDDL [a] 85 3 £
iy A B FLK 25 rh gk e 0515 1] CPS {1 45 - 1 421 9% U 3
JEE e S50 1% o 400 T R 00 9 B Ty 2 AR S ot A A
CPS B e 55 A 84 vp 1 T XML 1y CPS 4 3 5%
& QoS 8 43, v LAAR 23 2 AT 55 75 K i 24
EEGEIRAR it CPS WA E 5 1 35— T
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BHe AN 1Y) CPS AT 55 - K $U0 %% U5 o 2 5 1 1 TAE. HTFZHWRERER CPS BRR®RFRE S
4.2 ETF QoS By CPS FiREFIFIER F AR LA 4y

CPS # I % 8 2 8 i I AL 55 W PUAT ImfE \ & (D #mtg

AN PR 4R 14 22 A B PP R R — AN BRI T
£55 » H R £ — . 35X 5 8 8O0 R AL o LR
RO R AL 7 F QoS 11 CPS WE I % £ %l 2% A
RO LB BRI BOFN 24 S 2% 4 S 98 40 A A
Jir LA 28 SR B H AR R HAR SRR T

n

i=1j=1

Max(f,), fz:ﬁifw”u

i=1j=1

Min(f1), fi

(14)

E~TiJ:1’ i€{1329""n}
i=1

Hrr, x; (e € {0, 1)) IR @ A FAE 55 X 0 1y e
PRI RS ) DR RS BUE Ry 1 5
03 A SO 58 1) CPS AT 55 1 P47 I A A Ity
S48, BRI R G0 1 5 A o 7 B [ S DA 45 1 A 2 B
A8 rh BT R 1 U ) i) N7 BSF R A SR s R G AR Y
AT AP I DA A A 328 % U5 A o T R 4 1) BE VR Y ] 5
PER g afe . P BAR I 2 OB =X A iy 7 A
L2007« R 3R G A e g ) E B R ¢ R B
Rt L DIV (51 VRS % 2 W 2 N I R o 5 AT
ri BN IR oy BT W D Max () R K
Min(— f5) X #f, 2 (14) A §6 745 3y
Min[ f1» — f2 ]

(15)
{215,:17 iE€{1,2,,n}, x2,;,€{0,1}
XA E—NZ HIr BB, 2 His i

R 5] R — M AT 22 A fife » 3k 6 ik ) 0 1) B B o PR A
Pareto il 4E.
4.3 ETzBirEEEEN CPS BiREFERBE

BT QoS 1y CPS LR F A E 12
H b e O R A Y | 3l 3ok SR A BB L R DA B e £
(1) CPS Bl B J5 52 SR 22 H br B B0 R 0] 2 1)
VLA 55 2805 07 SR B LRV BB ALV . AR SR T 38t
R DOR B 3R T T 2 AR st Bk
CPS B 5 1%.

T ZHbr B AL B LN CPS ¥ ok 553 1k
SEAE AR A A bR AR AR AR EE AL AN
i) 2 T 2 H st 1% 512 19 CPS Bt 8k #8050 1
HAZA iRk W st L 58k A — 1 HAR R
LT 2 bRt Bk i CPS W% R % 45 19 35 I
BRI K L ] BRI A5 R R B O

LI T 2 Hhrst 2 505 1 CPS 5 % £
SVERES 120, 32 S AR AR ) R i 2 () A R vk
8 G € A 1 < B A SRR 3R TR g 5 oR P 22 0 T R
I BEAMEIE TR IR A 22 /DS BEUR L AR I Y 2 5 1)
— Lt FH 22 /0 1 Ol R G 5 ) e 1R 1Y B —
A7 G B4 07, EE ) i R R 6T I i 35 9 58 v i1%) W 905
RN IE IR

(2) 3 I JE R B

TN BE PR R R B T 2 H bR st B RIA 1) CPS
PRI PRS IR I EE 2 2D, 3 R R RSO R T T 1
AT VRN 9 08 B A SR I (14) 1 Min(f)
F Max () 3X P B bR eREE A A SC R B pREK

(3) e H

WFERIET 2 Hbp L 55 1 1 CPS Bt I 18 %
5 3 4, LA R CPS W R 2k £ 2 A W4 H bR o
B, HX WA~ H b bR B8 Ay 3 7 B ek AR, AR SR T IE
H B vk SR AR T AR I AR I R R AR R AR SR IS
N7 5 (L IR 1 51 8 g — A% 5 PR - 28 43 J A
G X FERERT— 053 HI T 90K e i B (R Y
BEE TN HIT 05K e 3 A 1 4R
B+ SR 5 T3 0 7 33X 5 A 48 G v ok B ) 3k 3 05
TR I IV R A A s A S A R B e
P IX PGS i ARIE B P RE S O R — RS AR
Pl MR AW b N

(4) 28 L% S

&SRR SR AT 2 H bn it A% B CPS BE
TRREREM A 4 25, 28 SOFAE 52 08 B4 B 4R Btk
A KRR I AR AR 2E AT 84 7™ A B 1Y J5 A RD R
FEXT I ARTIRE E AT 58 SUFN AR S VR Z i 7 E 0
AE SRR AR A 3. 78 SE PRt i ft v, 28 SUHE R
FIAR S A 38— e AR Ml 42 00 L E AT UM, B AT 4
PIEBUE K 0. 245~1.0 Fl 0. 001 ~0.1 Z Ja]. 58 X %
NS SR AT CPS B i 3 £ 5 15 1 52 e AR K, 18
SB35 1Y) 58 UM 8 R 28 S ABE 30 R A% A A8 )7 1k B3k B
N JR T e G s IF RE A% bR Ao e Wi S50 B2

TE S FEER 43 7T LA B & — AR 0 S5 AR i, 22 X
FAE S 2 S A AR S Ak SRR S AR R B AT
AR A R IS AR B X S AR B E AT 58 X
FAE S48 AE Z R 7 B A8 SURE R A S 32, iy
[ 38 IO 35 5 RV TR ] L, 58 SUARE SR R AR S AR
(16 A (17) 23 Bl 2
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17

Horp, P, R AL M5 PoRIR S8 UME A5 [ TR
I R AL 3 f v RV 238 B BE AL s f1 378 BEAT
B2 SCARAE (8 WA A P 1) 50K 1R 3 B JEE L5 f 7 o
PEAT AL SR R AT 0 A P 1) 3 0L JBE {5 R v oy B Ry B
HHE.

W 5T 2 AR FA 1 CPS B Ik #5K
fift » FT A A IV A 400 2 B R JRE 5 58 v il 2 R A QoS
B BT IR B 5 4%

5 RWSHH

B hE L AR AR R R T SR AR R T —
KRR e WAL A R R NS B G
FGE. e r 0 S R B I % 2 T A T TR B A
B AT IR A - FEAT 20 J2 R B s i 47 B v g 8] A L S5
BN = Y (= T | A W DR = A N R A =1
FROGuia TR M . AT S B g5 R PR B Ml v A Y
FIH A 4 e e A ] SE M B2 v T P i ol BT L T RE
PCHE  $ e P AR TR ) A TR H bR R RE L)
BETRE R A SN R A BE A8 T 14 23 A1 OB RE IR K
HL 0 A At B R 8 e AR T R B H X Y e &
A 2 B AR RE 5T AB AR » 08 J R T vl BT & IR
HL 38 A7 WA L DT AR 3 ) R 40 5 0. A RE
P — A LR {5 S B A R G B 4 i X RE
S 1) 2 20 S 3 A R L A Bt e SR T s
T RE HL 0 TR A5 3] 1 BOR B2 1 .

CPS Z G HAT 6 B 1) 450350 07 % A, 25 & Bk
U s N L2 B T 3 55 Al AR AR AR 2 P B
G R GRS AT o AR S — A 40 A 1
fiti, CPS RGERBUEN 7T TAE AR, Z R G hE
i 3 3ok 7 T H, 09 v A A s S B sl g DL S BT
HLRE 19 1 24 e 2 e i 2 2Lt AT 55

A3 1t Protéegé™™ il PDDLGraphPlan T H
Xf CPS B il e 55 45 1Y v 4% 2 AT A 5 B3 IR H
Sheffield 35t & 55 T B AR #E 47 4 F2 05 2, £ 250
A SO 2 TR RE LR Y CPS A1 45 - i 400 9% U5 3]
JER B T 2 B ARt Bk CPS Wk H M A

5.1 EFEEMNBCPS ES- ERSERAERHE

A3 A S R S8 2 R LR T i R R (B
Hi Ut AR 0 HL 28 KA 25 ) L B 4% b 7 A B T 45 =3
Gy R . TE 5y A SR R G b, Kk BT M ik RE
TGk wf b £71 o7 BRL T R AR R BB L P PR A A T AR Y
2ty o 23 77 A — o T R T A 4 45 55 b 97 for BT A%
i FEL B N N 12 B B — A% B A 10 A% i R AR

T 5 A SO o A AL L R G i 45 S ) B S
TR FH A SCHR Y CPS W8 U8 IR 45 B 0 0t A7 85,
BLIE X o A sUHE L R G b Y kL BT L AR R S R
i ook H OWL #4733 7820 A Uik R 4¢
(1) CPS % U5 ik 45 A5 0 vp R 00 % vl B850 L 1 40
fifh fiB 25 R R UL 40 or B AR A0 A SN e R G v 1)
KL BATT i e B RN A BT W T A Uk R
G5 rp i B FLR I P B SR, AR SCR B XML H 38
O3 A A R G b i ) B SR ) QoS 2. I
XML USSR R 5 R H OWL 343 A5 Uik i
R G A5 AP B S AR SR AL Y IR 55 AT RO B
K H OWL XJ i PDDL #3381 5 B fifi i 169 73 A1 24k
HL R G WAT 55 171 0. R A PDDL fr 38 19 4T 5
w2 2 frs.

% 2 X F PDDL iR E S
J& JB&PEE
taskName task

IR HRL AR 1o i BB P TC R 26 H BE L A8 T L S T
465 L A 0 10 2 21 7 8 Loc_h b A £ 17 BT,

taskDescription
Goal

ContexGoal (at Octavia loc_c) (at TopKick loc_h)

Bl 5 Sl AT 55 SR g oA U R G 11 g A1
Yy B  PAT P 8. AT 55 B AT 2 A S o0 A
AP R GE CPS BT IR 55 452 71 e 48 i i Fl PDDL
RN Bu 0P 2 VI 2P U P/ L A W 4 2 o )
{55 e 4 sl PDDL 35 5 4 38 1) 8 B8 ML A [ 2. 2%
Ja 5 BERL R R) ) PDDL [ 8 3C {4 F1 PDDL 3,
SCPF g A BRI A CRIKEY A, 22 S50 45 A #EAG 2]
W 5 R AT BRI N T 58 AT 55 » o0 A X
P R G CPS E IR 55 450 2 Hh i1 45 A i 400 58 9
B 58 LK S A RIS U R BE ) S AR 4.

|:|\E|lé

@ solution.pln - SciTE
File Edit Search View Tools Options Language Help

0.01:(Move Octavia loc_a loc_e)
0.02:(Storage Energy TopKick loc_e)
0.03:(Move TopKick Energy loc_e loc_b)
0.04:(Move TopKick Energy loc_b loc_c)
0.05:(Move TopKick Energy loc_c loc_g)
0.06:(Move TopKick Energy loc_g loc_h)
0.07:(Storage Energy TopKick loc_h)

5 L) e A R R Y 30 1 9
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52 EFZBEREBEEEEN CPS BREEFE 19.5
3P AT 2 Hirst 5k CPS 19.05
PRI PR B BB R 3 TR AT RN 58 UK E 1851
18.0f o]
AT 55 1ok 1 B AR - : ;
7 O J
%3 QoS B Hth BN L I 15 BRI T 55 4 5 B0 P B BUR £ 170 |
BRI RV A SR QoS B K E 1654 - :
Gi e CO 37 B4 6/ ms T 424 ool I ? B i j
U | | 1
. (3,0.56)(1,0. 54)(4,0. 88)(2,0. 81)(1,0. 57) S i ! e
RS | (6,0.94)(5,0. 64)(8,0.73)(1,0. 55) 1o ! ':: | | L |
e v ST (4,0. 7)(4,0. 7)(8,0. 62) (4,0. 57) (1,0. 93) 15.00 1| /! N I
REFRRR 2 (3.0.65)(6.0.81)(5.0. 73) (4.0. 6) 1oL N D ]
"0 10 20 30 40 50 60 70 80 90 100
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(8,0.78)(9,0.82)(5,0.59)(6,0.71)(4,0.59)
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e B W 5

o 1 B R AR 6

% 3 AT, 58 CPS 2T %% 6 KW
T3k 6 JEE IR BRI IZAT 45 1 6 Ak W IR 4. 4
R FTIR AR A 9 A BARM PR, A
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HJ& 180, 78 B85 8 B Z 00, AR SCF % 2 5047
BEUR I U8 L 3 i B A 328 U R A P i A B S AR Y
Qavailability &8k 1. 3 A8 G5 Ak A2 - — J5 T PR TE
T 3k B R A R R A B SRR RT L O — T T
i £k 7 52 05 B 1 22 3k Uy 3L A S A Ok T .
e 3 R AT UE 2 S5 1 4516 358 9% VR A v 11 g 3L
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6 FE 7 43 A0 45 H AR oA 80 R 5L
fEAPERE. fr P 6 mr bl AR U B g, R
55 1 H b R AR R AR S S 174 ) L B ) FE AR 1Y
EASTR] H R 155 1 H bR eR B0 R 8 5 06 11
M o7 B[] 2 AC I o I S8 A 144 5 ms, X 36 B 3L T
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i &7 T B AR B B RS 2 H
NGRS RN E R i =2 R N TR
RS R R25 2 E b ok B0 R SI(E fc K1 o S
WS S IS JE: 0. 228, X BB 3L T QoS 1y CPS
VR VEBRBCE R 26 2 A H AR RBUR A AL 1.

23t 100 R Z G, B b iE 47 16 SAMK,
W AR A4 A BN TC RIS 1 E A ek E5OR

FEACYSE
Bl 6 23T 100 EACEHE 1 H b5 o6 B bR B0 (S A M BE IR 2R
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I

0.226

{£0.220 1
=
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0.216
0.214
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BARUH Y

Bl 7 22t 100 WIEAUE 5 2 H br ek £ R 85 S 1 Rl R B

52 HARRB BT R B EL I IA] 8 P, 181 9 45
TE 8 HXf AR P R B2 22 i A 9
AL IR RE SRS 6 V5T 10 AN E 14 D FIES 16
AR TCE RS 1 H bR R AUE S 5 2 H b ek
BUEZ 26 W 22 (L fe /D X PSRBT E 56 T QoS 1Y
CPS % Y508 £ K07 0L 09 i o A 45 3 DY A 1R v i1y
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CPS %t vk £% 45
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