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Abstract: Cyber-physical systems (CPS) is a system that integrates physical and computational elements based on context-awareness. It

can intelligently respond to dynamic changes in the real world and has important and broad application prospects. However, CPS works in
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a complex physical environment, and changes around it can affect the behavior of CPS. Therefore, ensuring the safety and reliability of
CPS in complex environments is critical. This study proposes an integrated modeling method for real-time data. By defining a series of
rules, the domain environment model is combined into the runtime verification process to ensure the safety and reliability of CPS in an
uncertain environment. First, the method builds a mathematical model for the environment. Then, design the merge rules to merge the
mathematical models with only one environmental factor under the same system parameter into a mathematical model with one or more
environmental factors under the same system parameter. Next, the transformation rules are defined to convert the mathematical model into
an environment model represented by pseudocode. Finally, the environment model is combined into the runtime monitoring model to
perform verification according to the combination rules. The method makes the verification process more complete and accurate. When
the environment changes, it ensures that the safety properties in the CPS are still satisfied by dynamically adjusting the parameter range.
Finally, the method is applied to the mobile robot obstacle avoidance experiment, to model the temperature and humidity physical
environment and then, to combine it into the monitoring model, eventually, the life time safety reminder is accurately given in different
environments.

Key words: runtime verification; real-time; CPS; environment modeling; security

CPS & —/MEMEG AN LAl BB S T W AN 503 K A GE, T DR RE 3 N RS 597 S 1 3l A AL
A T T S R N ) B R A LR T P S5 A0 P ST TR R R A S I S L o e R HT  Th e, DA 2 4
ATEE L ROR S 0 O 2 0 B o) — AN SN 2006 4F 2 F (SRIESES i) K CPS A1)y
(R 7T E S5 B F R GG T ARG T URUR BB B Z BIE,CPS L& E T /MBI R R IE M 45, K5 T
VAR RGN REACHE RGBER THIAS . IE . RIR. BT RAERMYIRSE 2 DN GUR.BEE CPS T Z A,
B R 22 Rt R BR A B SV e b bR T CP'S R B SE A BB vp A, 2% AR PR KT CPS S22
KPR AR HAR B, EANTAT BE 2 T2 CPS M A% K4S 3R 15 (0 Bt 5 SEBR M B AT, NI AE1S CPS i i B8 iR
(¥ 2R & K A A7 90 L IR G, 7E 6 CPS ) 22 4 M AT AT S MR A 5T o S8 RS ) 38 B 35 1 5 o 2 9 0 BE A

TRAE 2R 4t 22 A VAT A S 4k (10 1% 98 T BOA B8 0 M« TR RUAS I 256 5 5 0 A 2 — P 2 o A R 1 1 35¢
AR, B FERR IR P S5 A R 8 R e 10 P T O SR R 2 o R e AGL N — 2L R A P B 3R, G B L 90 5 1R A
T AE () PRI R, T LB 2 7 A AR O M e a s i N R AR S AT R e, I LRI Hh e S T
T R 22 G5 /2 15 2 A 4 0% AEL A SR A7 E W0 1k P 491 A 57 4% 11 ol L 308 8 AN BB DR UE 2R G 25 WA R U 5 IR AS
[ ARG DR AT X R PR B R G R B & FIL, R EABBRER MR AGH BN~ E IR
SR IR JE N CAS B0 IE . T R G 18] B 55 B R A I R R G RS I B AR AR B IR R B
T2 5 B A DR 0 A TR i 2 A7 2 TR AR X () R 5 DA T e A 4 it o R B B3 R A B, 328 AT IR B8 E T 9 —
P i 0 0 T 304 0 12, 90 LR W BE R T R RS e XIS AT I B SR Gt A7 S i 4%, 7T DL S e 3t 30 E
G IHRAT B A A 15 00 A B RV 1 I8 AT I B8 IR U5 V0 R B R R 1 B R e 7 AR B BRI HEAT 0 M 1R, 0F LR 58
FEIZAT I B PAT BR A2 A 55 100, DR AN 77 A8 2 TB) R X il LT 3 A BRI D5 VAR e Gt Jo O s U kR b 78, L 4
L BT 2 AR, R AL AR RN, EIRL RS ¢ BFEUIMBET R4S FIREHLIE CPS SR
WHAF T — 52 R BCR B0, 5% CPS it SEATYBE 22 Gt i T 5 2% 58 L H B RS el it A R XA B8 30E 7 i A i A
B 7 T e BUR A A BRI S5 A AR T Bt B s TR SR IIE CPS R AR R % P ) B e v 1 CPS
{7 S LU A A 2 W ST B D 1 AR B U S LA R ARG U A A M A AT R UL R R A B, B
KT CPS RAAKARGH DALY EIASE A7 AL BBz F8AT G F AR T AT X 7 2 A BRI 7 I ANHE
;115[20].

KT HIEMHIATEXT CPS #FZ W, I A /b C A FE BT T4 B FELas A AL I R0 B I F R BT S A Bkt
ISR AR AT FO VIR R 4B B UK, Tabak 55 A A4 1 — 50925, 3 3o 8 30 58 mp A [ o7 B8 WA 8 800 R A R Bl
BN 3-D AR T R e CPS o b T 2 4 5 M 3 BUKI IR BT 5 8 IR A G — 1 i) RN B 45 2
58 EL VR ME PR 170 /L, T A8 N2 T 0 BB A RO B Y — i 1) CPS MR8 A5 2 i 7 12 % 07 i
JZE VA B S A SRR AN B AL R T 925, ST PR B T TR R A [ U b PR B A B e RSB T
A5 B K 015 B G5 — RIS [ 4500k i Jig B0 0 3 1 2 A e 1220 2 P 48R, 9V T 27 0 1T S st 3 A K
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CPS ¥eit FIM B SRR, R I8 1 SR R Y BB 5 R G AN 45 & FI A UPPAL 24T BRT Sk 1% UL 56
ER,

ST X ) BRI 85 (0 R A H P ET 1) S A 1 AR AR AR B I E S AR SR M B AR A 4
J B IS AT I M AR v 3% 07 VA ) M B R B 1o 2 25 T AU o B S B L AT CPS i A R AE S
(1 4 BRI 85 5 SR AT 2 AL L AOD RO B SR S M A Y R R AR A T U B AR R AT A
RO MR AL RZ MARNRGSEA HACH — MR KSR B8 58 SCT F o, Oy AR5 4 2 Hh e
il 5 MR PRI Y R S R A 4 S R UK PR SR AR 2 B AT I M AR TR b BEAT I S AR SO
BT OEV3 LR G LI S HLEE N GRERE ),x H R SR AUEEAT 22 A P s 3 o0 W AN ST IR AR Y AR 5 R
R B I AR e DU S A 7R B e B 2 AN () ) B3R 35 v o S8 T 8] (14 B s S o 4 7

ARICEE 1 AT RIBAT I BAIE J7 VR B RAT I BT JavaMOP Bt 011, AR SCHE B 1932 47 I i A00AS BRI BR 5%
FEAR VAR TS R BRI A 58 2 T VEAR A IR AR VA, T B RO AL G U, R 2R 3
TR 2 7R A T AT SR PG R RN L A R I PR SR B B ML AT SRR PGB 4 T
AT AR

1 &R

ARATHE e T B AT I IR 5 i TR RN AR SO B IS AT I B0 IR T ELAE 42, N AR SO B PR B A U VA R
BRI .
1.1 BITRENE

IBAT B S — R E LR (0 . SER R SR BRAIE 79, e A0 AR 3 0 P B 2 0 3R 4 s R 40 WA X 2
JEMEFLAIME RGBT T — B R 1, R GUAT i R TR L I 0k b B2 P o P R B2 BT L P
B € X F 515 R G0 2 E R RAT . e 3 S 7 ASE RS I 77 ¥ 1 7 I Mg 1) 750 A0 A 40 00 3 1 A FH 49 S 57 % 1)
T —FhSEI R A E B HAR R B /N (1 R R R v

B AT I B8 VI 77 9 1) JiR B A 3 S I 3 A 1) B B AL A0SR R A I PATERR R R A v=oi0;.00,.., 3K
Wy S — NI TERR S, I8 4 38 AT B 56 I 77325 UL 465 BF 8] [ ST Ji D M WU 248 SR B0 I i BT I 4% 2 75 36 A2 J 1k
LA 1 FR ARG AT AT A, 1 e R 1% R A R A R e R B R E T
W% T A T IS e SR 28 BT T T H AR I U B ATIRAS B HARFR T 10— S I AR
BRI AT SRR AT AR 1R N SR A, X S BB 22 B R G I AAAT S Ml AN W7 b 7 A7 it 2% mP B
R FT BRI 75 EI0 AL AR MR A TE UL IR R GUIRAS, W 8 2 5 B L 8 B B T MR R R A H iR
HEZE R, BT B, e S il R A B P 18] B AR P R % H 8 U R BHE B, UUE B AR R 7 1 LS IR B %
SRR R S IE SR A PR SR IERE.

it pm i T

G AT R
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Fig.1 Runtime verification process
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T WL B M L TS B 48 R R IR FIIZE AT B I8 R 9 TE 2R I8 A — Fh U s W 3 s AT R B S 2R A BT A
it BAT B A%, 10 N FH R B 2R 10 1 BTG I, B RO B R 36 E P T CPS RGeSk U, sk R L b 3 7Y
4 B MEIAT 9, T AT AR AR $th 5t s B2, T DA A S22 8 B AE 2R 36 iE 5 =K

1.2 JavaMOP iEX

T ) 15 428 ¥ 4 F2 (monitor-oriented programming, fii # MOP) & — AN A I & T B TR BT HEZL, & SR
Ifa] 7 T 4t A2 (1) 2 255 20, 3 5 22 P S A2 481 5 R Rl IR B M2 — N E SRR 7 48 IR 32 AT B 56 IR AE
el MOP T 4 [ B MR 418 J 1 J 240 A i W A0 8, K5 e AT T B 1 7 B R e

MOP HEZE B A DL T HF AL,

(1) B L RIS AAR D B BN — > R G, SR VR TT R AR N 048 F 3022 72 3R 38 2 R 4L, IR AIE ] 3
JE .

(2) ER—HMEREHRMNIE AN 2,0 S — AR R TF B0 AN & BEASIR S 75 (R B A 7

(3) B EZHIEF MR BT CLZERR 3 Hh AT 0T 3 5 s I8 4845 ), T DLAE 8 3 25 s A SR IR ).
RIS AR AT T AR T A R i AR T 51,3 AT DL B (AR 5 0, R R DL 24 SR I (] AR 44 T AR A4 Y
BRAE I A BT 4.

MOP HE 42 A] DL i) b W5 9 R G2 AT, 2 R I R AT s T sl 2 S 14 R 24 B 42 1) B2 2 0 h A T3 oo
543 FH P 0T LLA 24 R FE R AT S A A0 R R P K e b B e AN S A LA ) P i 8 35 mlobl HE S 3 T LA AT
BN A& BN AE, ) 0 BRA B S R G — AN RN SRS AT B WA T B B A B H bR R G, LT
TE 1 A2 IR F N B I R GeAT L AR AUE R G0 22 4 AT SE M MOP (¥ SE 6B 45 JavaMOP A1 BusMOP, H T
Java 1B 5 HFE Ve LK & EV3 B =7 #MF Lejos SZFF Java i 5,0 AAR SN A JavaMOP 5241
SERAE NP 2 frostt

/' BNF below is extended with {p} for zero or more and [p] for zero or one

(JavaMOP Specification}
={{Modifier)} {Id} ["(" {Java Parameters} ")"] "{"
(Java Declarations}
{{Event})}
{(Property}
{"@" (LOGIC State} "{" {Java Statements) "}"}}
"

(Modifier) == "unsynchronized" | "decentralized” | "perthread" | "suffix"
{Event} = ["ereation"] "event” {Id) {Aspect) advice) "{" [ (Java Statements) ] "}"
(Property) :=(LOGIC Name) ":" (LOGIC Syntax)

... {1-- syntax of declarations in Java --)

(Java Parameters) {!-- syntax of method parameter list in Java --)

(Java Statements) = .. {!-- slightly extended syntax of statements in Java --)
{Apsect) Advice) ::=... {!-- slightly extended syntax of advice in Aspect] --)

(Java Declarations) ::

Fig.2 JavaMOP syntax
Kl 2 JavaMOP i L

JavaMOP #8583 LT X IR iEE (context free grammar, & #X CFG). Z& 14 I} 712 i (linear
temporal logic, & #% LTL)~ & R H )l (finite state machine, & Fx FSM). ik 2% if [8] (1) 26 P B /77 22 45 (past time linear
temporal logic, [ #X ptLTL) % . & $2 it & 72 1 ;' 51 (graphical user interface, fii # GUI) Al 4y 417 Fi 11, F T 4 55 A
AbPRAR ). [R]85S JavaMOP, H P i) BUE U H & 1R MRS 5, B vk It 1 R IE 1.

JavaMOP EZAHE 5 AN #rki. BEFH, FHAHEHE,. BRI RIR AL BT,

KIS AFREWRF . BE 1D MSEHR 3 AN SR LT MBS A 1 15 1n) 7 SR &R Bl 7
L ID & H 7 E A, B P AR 14 42 0, A ) 8 25 L
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At B AR B A S RO R R AR BN A S 508 R 1AL 2 R JTavaMOP JR 3 Hh 148 53 IS L T A2
M 2 AR e ) 2R G AR T AR B P T AR S R 8 AR i RT DATE SRR R MR AL R 1 s e A A AR B AR
Z R 2 AR, T DAL IS IR A, S H SR IR 0 U7 QR A 5 R I Java 18V

FA R O AR R e CE A AR R IR TE H AR AR T AT I AR T L B R AR B — AN B AR TE IR AR R o BT
kM % A R 1) S T, B A A D VR (K R 5 AT JavaMOP (1 S0 5 B IEAE Aspectd 1 1P 40 4 b 3
¥ "advice" & X (Aspect] advice) M ZFH {4 #/F(Java Statements), o F1, ZF A VE 58 40 7T LLIE T Java S FEA8 gt 3%
RO MRS MR R Java 27 5 K2 id FEHAPAT A, R &S 2 BT &R . 54,
A B FE B R A R SR, T SR 2 A [ A e ¢ M AT TR 4 R SR 1 75 B I AT

J& 1 5 S JEELE JavaMOP 2 il 3k 1), Bl — A~ MOP MU H w] G & 2 4 B s B @ k. — 2 B —
A& M IR 2 5 44 (LOGIC Name))F1Z #1E L ((LOGIC Syntax))¥ i, 22 7] LL '8 5 B T i 38 47 I 3631 7 92
L2 R G AT B A, IR G J8 M B — R A 5 B 205 . MOP Ml e J& v vh BT b I 21 (%) BT A Z 4 0 23
& OV XK. JavaMOP SZ£F 1) J&8 1 #4878 5 .45 FSM. ERE. CFG. ptLTL. LTL 4.

AbFE 38 A4S Ll @fail. @violation B{@validation FF 3k, 2 HIACER B SIWLIG A2 . 1351 80 21X 3 ok
5 fE(Java Statements) S 7 AT LA T8 SCENAE, TE T AL A0 3 45 il e 5% AR IS B0AT
2 MEBEREERERE

T fEYE CPS 1l T IR R 5 UK R SR 5 58 BRER S AN VU IC 14 10 3, A SC 25 6 3 A7 I B e 35 R 42
T —FPAE CPS ST FR855 A8 Ak ) — A A B 7 V2 A% 7 V8 ST A TN L B RO ) A 2 R T K A Y
SE SCONEEEASE AL AR S5 52 BB M 45 AR A v o 8 S U PR 815 IR 0 T2 B IS A AR A 1) B bR A 1S s AR T K AT
TR, 22 4 8 T TE N 8 IR R B R IR 2415 LA 2.
21 RGHESR

— AR T A U B AT I B R T VE I SRR A AT I AR R OT R R E R AR 1 PRI AT RE i R
FE Al b 3 B A V2 ke M AR B e ) S R 2 B AR R T Bk AR B AR R R O 7 AR R T R
GiHELR UK 3 K.

] s s
BT R T . . e
£ AT R AR
| - _ .
| et | s, Wi L, HMEE_} .

arif ﬁ PR R
FRHERG S SRR WA AR PPETRS

Fig.3 System framework

K3 RoHERE

£ CPS A J& 12 b FH P 572 Hh 1) 7 SR B 7 SRS o 1 A 2 2L i I 2D, B 4 CPS I ZhREtE R K. 4k
THREE f RN 200K 3 A EZM I HARAEFF — AR CPS 42 il &% b I T 5 a3 il R 1y 4 M A 2 4 8 4
P 5% v 38 T S I e B 4% AR PR R IR AIE CPS AT B8 AR 75 A B 1 2 e R PR AL L) 4 CPS #EAT — 144k
S K PRI 5 ) 4 B M A R b R AR A T 3 P T S, T RO AT I g R HE R L R Y A
NBCARER SR IG AR I R A AL PR S R 3 R XA T R R 8 5 B AS R PR B R kA7 4 5, B
e A — > R G S HUN T A PR 8 R A A AR — BT B 1R o) A B A I IR BB 2 ] AN AR
B2 I RE ST DU G R A B 2 R R R R IS AT I R IE T R AR 2 I S 2 M 2R TR B — NG
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— (R IE 7 3 AE AN [ 18 5 00 P AT LAY AT I [ a5 (R R 2 P AR A 5 A T B . ARAS R R T AT,
A DU 7545 1 2 1R 25 5 DT ] — P A2 45 35 (Pascal. C. Java £5)J0 B0 U SEER 8036 B DA, 58 SCRE S N,
H R HE A AR L 4 3 0 O ARG f Ja 8 O M AU AE %o 7 () G PR 5, A S5 Y (10 O AR S 415 A5 284 2 45 90 I 4
BB AT B AL

TE— A WA T r A AE AR T AT I AR ol i i R e IR R I E RS B T i S 2s 5
FI BB R X RS E RN RA S R G S EOE 1T 58 23 52 2R 1) 52 W0 110 & A 2844, 78 M5 WA 2
AR R AR O R T PAT A7 B WA, &5 B IERGR ) CPS AFF & SLhrIA B I BB AT N MM A & K
HA 22 A R V15 0 12 R A 7 VA AE A v A PR A 0 5 0 2 A 1 B AR AT 8 T R 11 S B N SRR R R 8
S M LS 3 R G0 2 B0 Sl e R, AT A 43 2 00T D 35 R 5% 1) 78 A 1T R A 508, A 38 PR 88 O B 1 RO —
T FRAS RS MANAZ AT I 50 TE I AR, R0 M AR AR 2R e A I 45 A 3 3 AT BT AT I B
2.2 EEEMANER
221 PIEIRER AR E X

PIBREREEXT CPS AT 7™ AR 5 M 1 5 BRL & 21 0 v 110 35 1 2 400 2 DR Dy B R 3 P o 4 i A 2 A8 A, B AR (R B
N F G M B A N AR I 22 AT 5 e 45 1) 28 430 04038 68 4 W, 0T 8 S 1) CPS AT 9 L3k G IX PR B 1, 1 5 7R
B E RASHAP IR 190 R IX B U RIS RN, RASEIES S={s1,.. .52}, A RS EH
B£E E={e,....e5...en}, T EEG TG N HEH —A =0l (name,type) Tz~ . T TH & X 4 B 45 (1 4H 56
& L.

EX 1GMEHFER). H—A=J0H M(s,E R RIWBIFEH LA Hh seS—NRASHE E, 2
— Nt s AR H R ES R 2 s Fl B Z I8 — HBFERRES (T}

EX 2 RER). R AZBA reR A= TAF,VCL)E L F REBWFE S OFRHL. B
HHSHRR FE R FIR T RGBS H s BN R AL BRI AL E .V C it — A = JL 4 (value(s),C(E")),
Forp CE YR ER S AT FT UL VC RIRTEFAF CEY TR LS HL s WH N value(s).L R TE M %A T Z S
o 2G5 2 B T WA % 5 e 2500 A — R B B RE R I 1 R, B R R K AR 3R 5 e 0 L e 2 551) e AT
A 5 XL

I 1455 CPS [ L HTHA 25 8 1A, A B, BT AR /N 4R 0 1AL TR X R it 25 B A7 1 S 1221,

Si 4R ¢ FE[15°C,35°C I}, Bt 28 A AR

Sy IR E ¢ FE[-10°C,15°C) I, C=1-2x(25-T)+100.

DLl 3R P Rl 5 9 0 r A R R X AN R B T AN YA B IR S T=(¢,real)f Battery=(C,real). I
W FN SR A0 T XA IR R B P R O R LI IR SR B RN My, R RBRAL Ry, W B A5 F Xt B
HIB ARy Mo(Battery,T,Ro). N T B T 885 1K BN 28130718 LT 4.

c 15135,

c—10=<<<15,

V2:C=1-2x(25-T)+100.

B V2 il B FRLIB I S M R |, RGE R C FELE T BB handle W R¥E S, A S, IX P AN 4, 00 RAEAY R,
BN {ro,ron ), LR INE .

ro1:(handle,(1,c1),1),

roz:(handle,(v1,c;),1).

T4, EL T HE 7R 82 BRI R P B RS R AR

Sy MR E H #E[10%RH,30%RH ]I, HL it 25 5 T % 10%. 41 40,45 )5 i 25 & C=1, 0] 24 B it AL 75 1 B0 155
W J5,C=0.9.

Sy 4R ¢ 7E[40%RH,60%RH]A, Hith 78 B AL

F) 2, X 44
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¢3:0.1<h<0.3,

¢4:0.4<h<0.6.

B IZ A RSB M, R RPN R WG g 2,0 8 BT xR B R M,
(Battery,H,R). R R AT Ry N {r11,71}.

r11:(handle,(0.9,c3),2),

r12:(handle,(1,c4),2).

(E—N BRI BCA R b Y C B RA 58 25 P, R U, AN IR IR BT b T ERERIRAS B Re A2 v SR a iR B —
I (value(s),C(E")) 5 Z VLIS, [R I, C(E") 2 18) . e ANHEAZ JXAF AR I8 AT IR BRI I FE 45 58 37 57 (i i 45 R
72 M — (1, TR B P AT B AR R M — T 1V . TG 8.

222 MEEAR A AU

—NRASH TR Z A2 ANWELE IR, F A, — MR R RS R R 2 R RS ELEA
ZTA) ) 5% B 2 2 21 (1) AR 2R TR v 3 8 2 2 G 2R 30 2 16T AL (ELE 38 AT I B 4 0 2 AR HE B AR 11, R D
R RO R — AN RGBS B AS R R0 BB 3R 18] 1) 5% R o 58 2 L HL e AR BTt 75 S ok 1) 7 0 0 SR A AL
FFR HEA X B30 ST (AR T K 2 AR R A SN E W E R ARSI AN RESHE
B R ] 3% 1) B AR TR R U g 5 o 2 R A i Sy O AR i (R 3% A

A A FEAR T Mo(s2,Ey Ro) I Mi(s3,E5,Ry), WL sp=s3, M IX 5 AN X 7] — A~ 5 G2 2 208 5L A B0 Y
A LAEAT & 95, 6 IR 45 SR M(s.E',R), e 1 ,s=s5(s3), B AR & FERUN 52 LU .

T 52 25 3R G2 2 0 [ 40 W7 IS B8 52 75 W] B I 1R T 3R 2% 1

BRIV BE A M{my,m,... ) F0 N{ny,ng,...n, ARG BRAESR R fim,n) 555, b BFHA TR
“& & A5 B ) 45 F 2 TRVEL| P, B {my & &eny||m & &y ... ||mp & &ny )

n!
S (m,m) = m!(n —m)!

FERYE N (1), AT S 0 (1)t U AR AR P b A T — e X 56 R AR 11 U B AA Dy 9%
RS N B TT R ZIAE | ERAE o, VC AT AR F AL AN A0 My PSR RS Ro={r1,r20,.. 720}
AT 1 10 0] A2 3 1) Ro={rail[raall...[|720} = {F2,(VCo ||V Co||. . IV Cy), Lo } , M3 [ 2.

WEEGHAM2). W Ey=Ey F)\=F;, M RASE s 15 R GRS 1 5% 06 B A W, I8 4 30 54 B A 1
ST FTH AN T A5 M 0] LLE BR(s, {Ey B } Ry URy), T LR FEA S 5 4 7E M, BE R Ry=(F,, VCy,
L) AE M3 B Ry=(F3,V C3,L3), | =F3, TEAL T3 5 ]G M [ R={RyUR3}={(F2,V Cy,Ly)U(F3,VC5,L3)}.

REVGFHIM(3). BRLE I (3) U AR B () bR AE AL U an SR By 1=Ey' B Fy=F3, Bl RG S s I3
S LK 2 AN [R] (ELFE R ARG o 1) Bk B B[R] S JF AU E=(Ey By}, R R R h F=Fy(F5),VC $HATHER
TR, L B Ly FA Ly R e/ ME, B L=Min{L,,Ls} FEH & A T, R A S EE value(s)BU M 5 3 e K HIE,
B Worst{value,(s),value;(s)}.

KB Ey=Ey' B Fo=Fs (NG UL IR E — DR M(s,E RT3 T — M RESH s MFFEN E' R
& B 7 45 TR S IR B AN S G IR R0 B T4 2% A I AT R Y S R (1), % B R AT RV A B A AR
B JF AL (2) R (3) 2 A5 Y 2 (8] ¥ & IR, b R G S He AR R — AN & Bh e D SR BT R 2 ] S
B LAE IR O 2 T W AN AL R AT AU YE AL & I I, B9 AT G I R0, BB AN R B 9T IR RO B AR A 2 A
FE 2 R ) BEDR 325 0 22 A 3R G0 2 80001 LI AR HE B B 5 O (R R 4R 2% 1R, 20 R B AR F) R 8 2 B B0
T BEAIE A ) 5 5F

B 288 Ma(s2,Ex ,Ry) I Ex' A My(s3,E5", Re) 1K) B3 ANAREE H Fy=F35,Ro={ra1,r} Ra= {1,050}, H 1,
VC={VCy1,VC2} VC3={VC3),V C3y} R AR — A T R MR IF R

Ry :(F,VCyy,Lo)=(F,(values (s),Ca1),L2).

Ryy:(F,VCaa,Lo)=(F,(value(s),Ca2),Lo).

(&)
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R31:(F,VCsy,L3)=(F,(values (s),C31),L3).

Ryp:(F,VCsp,L3)=(F (valuesy(s),C32).Ls).

BAEXT My F1 My BEASERYBEAT G I, AN FF LG I IR B P 0 sp=ss, BRI FF & T B 2% 40, 7T DLIEAT & F.
Hi By 1=Ey' B Fo=F3 AL G IR (3), & I S5 IR M o E'={Ey Ey'} KRR R h F=Fy(F;),VC #1F4
BRI < L TR RE S J0 R L “&&7, 15 B I 45 R 2 TR B, i & Ok RO R=((r) &&r3))||(r1 & &
)| (r2&&r3))||(r2 & &7 33)). A (rn&&r31) Ryl S(ra&&r3 )=(F,(Worst{valuey\(s),valuey(s)},Coi(E,) & & Cs1(E5")),
min{L,,Ls}).

EB 1 F IR Mo(Battery,T,Ro)F1 M, (Battery, H,R\) ¥, T R G S HUHM [E, &N Battery,i#h R 1 8 4H & A AT
FEAAEH Mo A0 My AT DLHEAT A T D=, ROPR S 520 PR 3R AN (), 23 31 2 i 2 M, B AR 5 A 5 R 0
). XF My A1 My AT AN G T BT M Ny M=(Battery,{T,H},Worst{1,2})=(Battery,{T,H},1),R=(handle,
(”01&&”11)||("01&&”12)||(”02&&”11)||(”02&&”12),1),E%ﬁﬁuE 4 P,

R (handle,(ry, & &r, ) || (ry, & & ) || (& & g) || (r, & & 1;,),1)
= (handle,((1,15 <=t <= 35) & &(0.9,0.1<= h<=0.3)) ||
((L15<=t<=35) & &(1,0.4<= h<= 0.6))||

((1- 2% (25— ) /100, —10<=t<15) & &(0.9, 0.1 <= h<=0.3)) ||
((1-2%(25-¢)/100, —10<= t<15) & &(1,0.4 <= h <= 0.6)),1)
= (handle,(0.9, 15<=t<=35& &0.1<= h<=0.3)||

(1, 15<=t<=35& &04<= h<= 0.6)|

{1—2:((25—1]”00. =10<=t<15& &0.1<=h<=0.3)|
(1-2x(25-1)/100, —10<=t<15& &0.4 <= h<=0.6),1)

Fig.4 R's expansion formula
K4 RyIIEIT
223 IRETRAL 5 Oy AR AR S 45 )

Xof B35 G ST A AR ) B ¢ H Y S SR AT A IS AT I IS A R b AR AR IS AL R I T I
AR 5 ), Lk 22 4 S TR B 8 AR AN 8 (K W B b — LI R AR 2 G AT, T SR AR N BRI I R N
HRREMS (A7 By ) T ML R IE AN S BB Y AR SO AR K D AR A Dy o ) e A ACARD Dy AQRS e — PSRV ik 1
FLa5 s I H TR R4, OF HRUE ARG 5 R e R AR A R, T A A 2 DR — R R 1E S B it
B SRR X AR — A M(s,E',R), R RIS R(F (value(s),C(E")),L) I HUS B 45 0 43 9 AT
JU.

(1) MRHEX R P F ARGk 2

(2) ZREAUAERE D R s AR A SEL AR A s BEIFVIIHAL.

(3) LA (value(s),C(E") Bk AR W8 40, vy, C(EN) J9 25 A U value(s) I TE 2RI 26 AF R s (R4 rh 4%
IRAE S|P ERE T AR “else if”.

(4) “U255 H B, U 28397 26 B — AN 9 40 B KL AT (1)~ (3) 20 RSB 7R 2 461y Oy A B 1) 6 8 2 (value (s),C(E")
X R B 4 A TR B RS MR RO 7 B HE S E T 25 B I R 5P AR &
B P A v B 98025 75 S A S A Y o s e A 2R o ) S A 3R A5 2.

B 34545 2 FR XA AL My(Battery,T,R)) R M\ (Battery,H R))3E4T T b, 15 B E 4558 M(Battery, {T,H},1),
EEPJ\%/%&EE R=(handle,(r01&&r11)||(r01&&r12)||(702&&r11)||(r02&&r12),1).%?5{%,@)‘&%&?U\Tﬁyﬁ’%}lﬁ M 4
NSRS,

(1) #K4E R 0 F 4B handle B3

(2) = battery A8 & FEIRE A 07648 I gm 218 & LN, I B2 B O 2745 T RBI S HF R 0
JR 2 AT

(3) MIERRBLBL R VC KRR if BHE 7.
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% M Dy A5 U1 Pseudocode 1 FTas . B H 2= 15 B % 4 S D RS G KT e N 53 U 47 S 4 O AR TS S B 9 B
PRI TR TR 5 IR P 86 RIS 47 i) I A4S Y o 5 R I8 AT I 50 41E T L Sof A58 28 o 4 O 1Y) J A g AT 2 A 1tk
UEAE A S, IE AT B BRAIE TR A JavaMOP, it L M RS D AARS H Java SEILE 206 B AR gl 5 iy
M [ Java SEEIACHS.

Pseudocode 1:Transformation result of model M.
Input: The input parameters of handle.
1:function HANDLE
2:  Dbattery <~ 0
if 15<=t<=35&&0.1<=h<=0.3 then
battery=1;
else if 15<=t<=35&&0.4<=h<=0.6 then
battery=1;
else if -10<=t<=15&&0.1<=h<=0.3 then
battery=1-2*(25-t)/100;
else if -10<=t<=15&&0.4<=h<=0.6 then
10: battery=1-2*(25-t)/100;
11:  endif
12:end function

R A A

public void handle (double battery, double w, int t, double h){
if(15<=t<=35&&0. 1 <=h<=0.3){
battery=0.9;

else if(15==t==35&&0.4<=h==0.6){
battery=1;

[l
]

else if{-10==t<15&&(0.1<=h<=0.3]|0.4<=h<=0.6))!
battery=1-2%(25-1)/100;

]
]

Fig.5 The Java implementation of M
K5 MBI Java SKHL

2.2.4  METRR AN AT I MUY (0 2H & R

G RN H 1 ZOR O AR T2 Iy B AR e R AE S AR T IS 4G B I AU R I S A 4R AR 3 4 Bk L S
FLM 239 BLUR JUAS B8,

(1) 38 J7 BT 18 AT I W MRS (¥ =4 5 S e AR VDN A ) R BRI R AR Th I e 8 FOAH F) 0 =44, L
EEMRIETEE s SRS 5THE.

(2) WEAR Y Hoh AR H I TT a6 /2 5 1 5% s FEIRE 55 = A7 W V5 A0, ARRS B 1) 45 RN 2 e Ja — o s 7T
H555 4 TR A).

(3) FHACRY HAE Dy 1 B 4 B RUART v i 2% AR 428 1) B $AAT 35 ). 0 SRAFAE — MRS Bt B2 T 22 A B ARG
15 O, B0 2 MERACRE I R RS EUL IR R — DR b eI A BRI h () if PSRRI
TR AR B gt S AR AT B

(4) WRAE 5 A1 s 1 B 4 A TR A A mhope ] 40 087 2 (R AT 18 ) TR T s TR £

(5) B 4T LI B BUACRS 4 N\ B 24 1 2 oh B RS e

P R VDT A N SRR R M 7, 0 B R R AT A3 ek B T AT L AR B RS i E
S M YIN AR F D) 2 5 8 3 0 8 32 5 DL A 5 2 AR IR B AT S S e R IEE AN TG A S
FUU rh A B R 43 2 OGB4 B 28 B AR B E E R A S HS S5 R NE ) b DUE TR I35 461

1 4:45) 3 b AR R M RO ARAD S AE S Java 1 5 95 BK B SE I D AR i FR) S50 08 R 4 2L MU DU AN
FIBATIN WA R SRR AR

(1) &3P 847 I MUY (R A e S T R R S handle AR IR S 1F a0 6 FTos AE electricity B iiE
R start. init M sufficientElectricity X 3 NHAFH, JH init FH L E R, HRE S battery 5 7 fali
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PR b AR AR T
(2) JEFEE 1 % battery TEMRAA S5 A7 I AR A AR IR IOTT 46, B 5 — 2% battery 1T S5 5 H AL 5
AR AR B 1) 45 3R, Rl S ARG B DX 0 18] 6 o 2T ME P oss ARRS R 5 b=batteryx3.0+w —2&iEH).

electricity(double battery, double w, int t, double h) {
double b=y

ko X
event start after():
call{ ClientOnPC new( )} }

event init before(double battery, double w, int t, double h) :
call(* * handle(double, double,int,double))
&deargs(battery, w, t h) {
— battery & - UOHEUES S0y
[}
¥
event sufficientElectricity after(double battery, double w, int t, double h) ;
call{void handle(double.double.int.double))
&&If(b=0.17) {)

] R T
ptitl :[*J(sufficientElectricity S start)
'u_"\'.inla.!.ln.li {
System.out.printin("¢E 2T ThE 1, BT [t )
RESET:

1
¥
[
]

Fig.6 The runtime monitoring model
Ko iairmf Ml s

(3) REACHS HAE B A e TR o if 2% PH42 86 B BT 1 0, A B 7 s,

public void handle (double battery, double w, int t, double h){
i 15==t==35&&0.1<=h==0.3)}

battery=0.9;
_—T
o .
. R clse if(1 5<=t<=35&&0.4<=h<=0.6){
b=battery*3.0/w; battery=1
~ !

T else if(-10<=t<15& &(0. 1 <=h<=0.3||0.4<=h<=0.6)){
= battery=1-2%(25-1)/100;
1

¥

}

public void handle (double battery, double w, int t, double h){
double b=0;
{1 5<=t<=35&&0.1==h==03){
b=battery*3.0/w;

T
¥

else if{15<=t==358&&0.4<=h<=0.6){
b=battery*3.0/w;

)

clse if(-10==t<15&&(0.1<=h<=0.3||0.4==h==0.6))}
b=battery*3.0/w:

1
'

i
Fig.7 The code block replace if statement
7 AU H B if i )

ERAE 5 A 3L 1 battery B e N BERLACH AR R A 26 AR SAT 1B B R ) bartery IHTE, W1IE 8 R )5,
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public void handle (double battery, double w, int t, double h){
double b=0;
I 15<=1<=35&&0. 1 <=h==0.3)}
b=0.9%3.0/w:

else if(15<=t<=35&&0.4<=h<=0.6){
b=1%*3.0/w;

else if(-10==t<15&8(0.1 ==h==0.3||0.4==h<=0.6)){
b=(1-2%(25-1)/100)%¥3.0/w;

[
]

Fig.8 Battery modify new value
8 Battery LB NHE

electricity(double battery, double w, int t, double h) {
double b=0;

event start after();
call(ClientOnPC new(..)}{ |

event init before(double battery, double w, int t, double h) :
call(* * handle(double.double.int.double))
&deargs(battery, w, t, h) |
b=battery*3.0/w.
i 15<=t<=358&0. 1 <=h==0.3)]
b= 0.9%3 0/w;
]
]
else i 15==t==35& &0 4==h==0.6){
b= 1*3.0/w;

else if(-10<=1=15&& (0. 1<=h<=0,3]|0.4<=h<=0 6)){
b= (1-2(25-1)/100) *3.0/w;
i

1
}

event sufficientElectricity after{double battery, double w, int t, double h) ;

call{void handle(double double.int.double))
&&if(b>0.17) {}
Lk

pitl :[*J(sufficientElectricity S start)

aviolation {
System.out.printin("fE2 T TN T, WLiBEEATA L b Ly
RESET:

Fig.9 The runtime monitoring model after combining

9 &I REAT I A A

AR G IEH T UnE 10 PR EV3 Hlds NE R AR m A TR K5 =48 MINDSTORMS Hl#s A,
T 2013 4 R A4 LT e AN RE S N8R 2 P A S, R R A A L AR A S L FE RN AR, T HLIE AT DA {3

1eJOS 5 = 77 FE 3 ¥F Java 15 5 g fE. S50 1 AL AR R EEAI R B8 1s, EM B RN 3.0v, A2 N 1Ah.
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Fig.10 Lego EV3 robot
Bl 10 ‘K EV3 HL&A

S0 VT A RS B N S AT B AT 8 AT 55 PO A AT IS RS D R 1 0min. AL 3 K {3 R
T A I R T A% K 35 R U e B B BRSBTS AT OA T RS B AL EE N BRI M P AT B AT 55 E — K AR
T H VBB AS A2 10 235 T 45 HR 720 BT 52 ) o, s 25 ) B 05 K 2, G4 1~451] 4 T 7 0 52 e L it P R T
W PR RS S ST IR AR T IR 20 5 B electricity WA 25 CLANATAE R R A B (Ah)x LK (V)=Zh 2 (W)x
8] (h), 723 /2 LB 2 T AT T 6 000 2 SR80, S 25 R L3k 1.

Table 1 Experimental results

WEE AT FSHR IR (W) LFRIERIIHR(W)
10°C, 20%RH 18 5
~10°C, 40%RH 18 5
0°C, 40%RH 18 9
0°C, 60%RH 18 9
10°C, 20%RH 18 13
10°C, 60%RH 18 13
15°C, 20%RH 18 16
15°C, 40%RH 18 18
20°C, 20%RH 18 16
20°C, 50%RH 18 18
25°C, 30%RH 18 17
25°C, 60%RH 18 18

R R IREE R R 3K N B0 EM R HLAE A TRy 18W I 4RI M AT D)% N b A 2 T
AT AR B o IR B R A A B 2 R I T V) Ll B s B R B A BR AR R TS L R 1 AT LA LY
LR 15°C~35°C I, Bt B 25 S0 A 55 . 24 IR B AE—10°C~15°C I, it B R 50 B A 5%, 518 8 TR K
SRR 2H & B2 AT I W A o ] DA 5 B 5 v ek R R A T R R R A AT R 2 AR R I T
I 8.

S 25 F 3 0, WS R B A A S A Y S MR AR AR AT 2 TR RS A, AT DU RO ARAIE AR B 2k TAE IR
THLEE N RGN 22 A M AN AT S @A AT LA TR Zh AL 38 A 10 2 4 e & R 0& TSR A s A7 B
IAIE 7 VE R B 2R L 16 22 A M AN TT S 1R CPS, AN BR 132 45 31 38 18 5 AR A R Gi 28 A,

4 B2

I3

AR SLAR H T 1) SN HHE ) CPS — A A AR T ik, 0 A 0 AT T AE R J o A S R I AT A AL T A
Dy ARG 5 41 & 3 WS AR Y R AT 384T I 6T, H A A 5 M A B B e 8 o, A R B AR AR AL 3 i )
B S HGEH S CPS A K% 4 k78 R 2% (X W) B PR 53 o 75 R 45 DL 2 % 05 12558 L T AL A 0
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FRI R O AR 2 T 0 2 e U L PR S A R 0 S A0 A TR ) 2 6 R D), 4 e a8 X L s 5 R ) S
2440 LA B 5 S FE RS B LA NP 6 b8 AE ) JavaMOP B0 0F 22 4 J& ML ¥ S 30U B FENLEE AN R G h AL &4
BEASTR J AT DU A RS 7R F) M 400 S I A .
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