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Figure 1 Relations among IoT services, environment and user requirements

G XX AR ST IR R S5 PRI R« PRI 553 K 20 AT B
XA R AL G R b A R G T /5 SRR — e il R, 37 e et Bk 1o
R 55 VBRI« TSR (R PSR 2 B ) = G e sk IR I e 55« D ERA ST L TR JBIX = 2 ] %
R A AT T A~ sARE:
PIR R IR 55, DY BEIASE — JIRR Ao,

T A PTROR I SGE: AR IR MIR G52 AT e e Y EA B b, JF 5 2 R AR B AR, WIS A
(A AR 3l BRIk Y IR 45 R B R B 1) A8 AR DB D R e 1) L s — A BT
LY SR o . — T, YUK R 55 BOAT o n] AR (B AT PR LS MI DAL, 5547
(K34 P 5 BRI BN PTAL I3 B2 B, 55— 5t YU BEIASE K AR (o AR (1 8 AT 0 B )
IR A 2 5% Xt A 5 S A ) 4 il i 3 ) 5 2

3.2 YEXMAR AR

AAA (Ontology) A& L ZEME AR AL 1) 1 2 (19T 20k RIS B0 (4. A fASE ok o Ml A HAH B 6 &R ik
AT G A IR, R H B — U R A S AR B, SR SR 2 A N R ) S R B, A o 1 Uk i 3 ]
AT, 5 AN [RZ IR T AR Y 25 3ok 631 )Y 2 Ta) A B R IR B Aff e S

I FR AR A e 45 S IR — AR PR H A, DA F AR A fc i, FRATTe T — AN e 55
RYSAAR, H 5 S2 R0 0 R 45 A AR TS . TR VG A ZEA% A & 4 0 4 TR LA N 2.
3.2.1 WIRRHEBREN

WU il 55 AS VR 11 3 S A LR RG] 2 i, JLrp, T Ron e,

1202



hERE FRERE 43 F 10 W

. Environment -
[oT services entities Communications
: ; Sensible Controllable Among
Composite [oT Atomic IoT environment environment A;‘é?{,‘fgcelgT environment
services Services entities entities entities
/N Among IoT services
and environmental
Operational [oT Sensory IoT Control IoT entities
services services services
Value | Command
communications communications

2 HIEK AR 5 A UREE S R IR 454

Figure 2 Concept hierarchy of the ontology for IoT Services
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Table 1 Relationships in the ontology for the system of IoT services

Relationship  Domain Range Relationship explaination
sense IoT services Environment entities IoT Services perceive the status of
environment entities.
affect IoT services Environment entities IoT Services impact the status of
environment entities.
compose Atomic IoT Composite IoT services Composite IoT services are composed
services of multiple atomic services.
participate IoT services Communications among IoT IoT services communicate with
services other services.
participate Environment Communications among Environment entities communicate
entities environment entities with other entities.
participate IoT services Communications among IoT IoT services communicates with
services and environment entities environment entities.
participate Environment Communications among environment  Environment entities communicates
entities entities and IoT services with IoT services.
has_Beh IoT services Finite state machine The behavior of IoT services are
represented using FSM.
has_QoS IoT services State translation constraints The non-functional features of IoT
services are represented using state
translation constraints.
has_Beh Environment  Finite state machine The behavior of environment entities
entities are represented using FSM.
has_Attr Environment  State Each attribute of an environment entity
entities is mapped to a status in FSM.
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Figure 3 Concept relationship diagram of ontology for system of IoT services

(e) PRI R 55 XS PREE IO A . il B (VI M 55 42 IR E e, FLR S A SR AT AL L, 42 A
SRR AL, I8 AT I IASTAEDIBCI I 55 1O A1 TR I3RS 2058 (AR

4) ity RUKB U 0I5 A I 250 0 P SR IO T, A5 D BE R A, AR T AT, A3
AR, PRI IS5 RS SR A DR F RAAR D RERT K. DIRERR SR g AR GUAH K R Ik M i
FARGMIE, W E SRS SR % 1 DhRE, RARRBLAE O Y B A SS Br™ AE Hs ARDIRE™
SR TR IR IR R IR 55 (K047 A L1, W TRI AR PERELTR . REFELT AT

4 YIEMARSFERIE

FE L SCE HY IR R IR 55 AR BE At B, 12N SR AN IR IABT I IR 55 i A R,
K 4 Pros. 2R R B E S LT LA D B

o 3545 E I 175 P R AR S5 FIIRR LR

X5 RE (BRI LA, T 5, AR DR W IR 55 AR 1, ROt 3 5 v s i PR o B2 s pie
DR T RS LAR =i G AR IR IR 55, ) PR S A LR ST ER B R
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) Represent the behavior and the desired feature of IoT
Begin services and environment entities
IoT
A 4 P» services
modeling
Identify IoT services Desired
and environment —> features
entities - modeling
Environ-
ment
A . o0
> entities
modeling
Build the formal model
\ 4 \ 4
End 1 Probabilistic Temporal
timed logic
automaton formula

B 4 ERARSERTE

Figure 4 Process of IoT services modeling

o FIMHFEREBS HIAMS . INELMARRIITH, IETHEER IR HAZE A% R

FIFHBRATT 20 7 AR I 5 25 A4S 5 ToTSMLI®! 23 5%t 1) H PR Ik 99 R 45 (¥ Th REAT 49 A
55 i @ bk, PRSI AR I D REA Ty LA K R B AT i IA

o B LR

K EIRDIBCIA IR S, W) BRI DL S B P T (1 3 2 4 DAy A 2 PR P A AR,

T R R A R 1 A D BRREAT PR I

4.1 YIEK MR T AR 55 Ry i

IR A R 55 ik 2 2 IR S5 T REAT A AR 55 et J M Y D5 TR BEAT 0. IR S5 Th REAT Ay fifiid = 2440,
T 55 R S B AN B AT A A . v, s s 0 0 i A R 55 IR s A Y AR AR S A
B, AR B M A LIRSS 42 1 384T 4 50 R e 55 FPARESIT RS, RIS IRA A1, 729
SR P8 e 55 D BEA T D9 AR g At b, e 55 i 4 0 i 20 i R 55 s A (SR PE N S, BAR LR = 2R i
JE VA A J e, PTEEPE AT DR U RE. I 1) MR R R A R R 2547k v BT L I TR AT DR R 240 3R
R EEAE SR PR W IR 55 Hh RSB BRI PAT (R BEURTI AL 32 ER IR R 5 A A A IR B P v
B, DLACIRASIT B Rl A v B AE 1) B8

1E ToTSML 5 5, I 51 I 55 IO TR B2 TR 26 2 o, Se#i v I 091,

JRFHe5s (AtomService) B 4 ANER4F2H R

1) (ASID) R BENHR R R 55 HOVE bR IR, 12 bR IR o9& 307 R A7 2451 A

2) (SData) F7YHRM RS B SR oy, Horh, (BSet) Ron 15 k55 A8 H I SEARR Y ) 4
5 (SAttry FoRRESH KB ES, KSR P EEATHS B, OSSR S, feFels
KL (SOp)y MRS rIARI BT AT a4, BIIR S5 1R 1 i
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% 2 IoTSML X FEFRFHEAMEEIEE

Table 2 Statement of an atomic IoT service in IoTSML

(AtomService) ::= ’'Atomic Service :/,

(ASID), {SData), (SBeh), (QoS) End’;
(SData) ::= 'Data :'(ESet), (SAttr), (SOp);
(SBeh) = 'Beh :(States), (InitState), (Vars),
(Action), (DGuard), (Transitions);

(QoS) = (Time){Reliability){Cost);

%= 3 IoTSML X TIEHAMEEIEE

Table 3 Statement of the IoT environment in IoTSML

(Environment) ::= 'Environment /, (EntityTypes)*(Entities)*;
(EntityTypes) = 'Entity Type ', (ETID)(EAttr)(EOp);
(Entities) = 'Entity :/, (Entity);

(Entity) ::= (EID){(EType)(EBeh);

3) (SBeh) FmPIKIM IR S5 IBNAAT AR 3. KT MRS BT R IR 52 i b n B A RS
Z 4 (State transition systems) B PR HZIHL (Finite automata), HH1,

o (States) Fon —ALREWES, Hrp—MIREHHRE NVIIIRE (InitState);

o (Vars) FonBRENES, Jh O RSIEESES (SAttr);

o (Action) Fl% EMERIHEA

e (DGuard) M AHHEAZ R T3l (guard), HE AR RES RIS EAT A EARIZHAT (+, -, x,3)
M TGl RIEHAT (<, >, <, =) & @Bkl ek,

e (Transitions) & LB KRR, B —MIEH R RLRIRGG W MRESTFEIAT, Al —E
(1 D2, WAV € B, BN H HPIRAS.

4) (QoS) FKonls i B EA IGH 4. (Time), (Reliability), (Cost) 43 2 7= W ik 55 1T ek (1]
JE P, WIEENE DL A BT FE

42 ERIRETIREER

TEPIIR I R Gy, WIE I IR S5 A B IR H 5 kA T A8 B IR AN [R) R 2 R A5 S AL R AL . BAEE
SERSE TR EIAEE Th A AT AR IR . BT W BN/ EOR AP E PR R B e 2% B R A R S AR e
A2 i 25 A P B A S b 1R A8 BN R T B AR, BN IREE SR I IR, BE 2 A T i s 44
1 e P TSI AR ) A 2R 4 PR s 0 0 40, A T s S AR B A PR AT R ik oy, o,
BRI o R ek S FLHUE, Pt SRR (R A LA ST s R A B S AR ).

ToTSML 1 o0 T-IAEE 544 J L) B fif B2 ER AN 3R 3 P, e B8 TEive WLOCHR [15).

XTI (Environment) IR, ToTSML EE3K 5E i XCH PRI SEAAR S, 15 20 ] 2L AA TR 2R 55
Sk, o,

1) (EntityTypes) RnNEEILARIG]. o (ETID) JE IR SEARIS R M — AR i1 (BAttr) &
INIXRIAEE SR BT B W @A, Wil e K/ TEIR1E B4 (EOp) HRIX R B SR ] Gk A=
B ELFR, s FFIE /KA.
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Table 4 Statement of the expected properties of IoT system in IoTSML

(Properties) ::= 'Properties :’, Functional’ (FuncProp)
'Non-Functional’ (NonFuncProp);
(FuncProp) ::= (StateProp)|(StateProp){FuncProp);
(StateProp) ::= (AtomProp)| 'not’(StateProp)|
(StateProp)’ (and|or|imply)’(State Prop)|
'A’{PathProp)| '"E' (PathProp);
(NonFuncProp) ::= 'Time ' (TimeProp)

'Reliability :’ (ReliabProp), 'Cost :’ (CostProp);

2) (Entities) FRAWAEEIA, H =0 M (EID) NS ARIAIME— bR, (EType) st —A
BTSSRI, RIABESLARPT IR (2803); (EBeh) FRonIABESAR BTy, HAIE 5P st 1 M o5
—hE, WS APIREIT B R G, AN ST P SEAA L I TR A R AT A A 3.

4.3 FPHAZERHEIA

TR TR R 7 3K, R IR FR G P U1 B () A0 B AR E R I I i 95 1 A B Ik A i
(PR T, DLAO RS AT A Lo, SHEE (R 5 23 S DO e PR BRI D e e BT 2. 3L, Dhfet suditiik H
JEE (R PREA B SRS ARIE, LA Wi 3K Le AR (R IR 4 IR 25 (14T 5 AR Dl BE R Bt 4K Bt 32
REME Bt b, Tk Y S0 8 AR I 55 i it oK, U IR PR BEMIIR 9538 HAT A AR, EE B T 9 5§

7E ToTSML 1555 1, XIEM AR 55 22 80 B 0 2 (R PR o DL AL &R dL i) e 2 4 CTL (computation tree
logic) 6] (1) 7 Nk, HfEETL WLAR 4, 5E 8B 1E WOCHR [15).

FHER P (Properties) £ 2E & Dhaett miAIAE Dy ReE o Jy 1 -

1) (FuncProp) F/sIREMEJ5T, 16 b3 A i) e 55 IR T SR (1) B AT A B 2 s A AT BRVIRZS L,
IG5 AR AT IR b e AR RPRES R URR R 4% (path). FH P S95E 1 D g o m] al i RS
JOMIBR AR T4 B R IA. o,

(a) (StateProp) R RAMERT, H T HERFREE RS B U mpRESs. Hoh, JRFHE 5 (Atom Prop) &
IR S5 BB SR AL THE R AS. & 45%F not, and, or, imply FRACIR AT 2 W] (LA S B4 2.
A(PathProp) 7 W SEDIRES R BT 0] Be ik 12, S595 2 HEANRE 8 I B8 121 5T E(PathProp) W
IR ACUERRES R I A8 Th 22 /0 — 45 el AL R e B AR R 3.

(b) (PathProp) FsBAEYERT, £H0F 2 R4 A A0 3 B A IR

2) (NonFuncProp) R nAEDNReMER. o, (TimeProp) K s AT, WL AR 5% Bk A 55
(R B A Do SR S I ) DX ) ) R 2B (ReliabProp) il SR LYW, ik Dy REVE TTRE i A2 A K /N
2 B EWBIHZIR; (CostProp) A BEIETHFELI I, Ko D BEPE TRl L I, Ik 55 i A6 (1) B Vs Ao
i DRUEAE— S E Y .

4.4 TR URIREIL
FIN AN EEFF SRS
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Chan: FTAHFIBAINES; Act: FIHSMENSES, A& FH P =2Ka1E, B Act =
{a?|a € Chan}{a!|la € Chan}{r}; Clock: FTH I #ARIES; Var: ITH B RHES.

AT RN B EAES C C Clock FIEHRZRES V C Var MPUE FrT DU ST — 24 &, 4
FrA D, e @(0) Al @(V), BATHARRES . BHIZERT (A, Vv, ) EBABHEF (+, -, x,+)
M JCH IS AT (<, >, <, =) & EiBEM .

B TR S IUEREAT L AN e IR S AT RAE. X C C Clock, V C Var, WL L[
WAEHERAE 2 B R(O) A R(V). o) i o AT B R EEAE, W) ¢ € C,c:= 0, MAHR LR
IRAEHRAETER N v e Vv = e, e W N H BIAFHEH KL

XTI 0 A 25 1T 5, IR I s 30 0 TR R AN AT [RIA T Ry 35 43 [FIAE B2 £F ToTSML Al T
IR P AT EEE . VT REAE IR SS T R R A, SERE— Db, IR R4S T e R T AT A A
w2 b, I HARERSS 4T K. R, ¥ ToTSML H 2% W50 W9 AR 55 104 T S R 4% o B i 3 A g 2]
] — AR e it oAy AR B SRR . AR SCR A I T EL S MR I ) B B

RER IS TE] E AL 7180 LR a] E S SEAE 380 T 25 bR oA, nl RN S0 R IE RGEAT A
T B MR AN 5 1 R 2 ) i)

S E RN R BNl PTA = (S, 50, A,C,V, Inv, E), # ) (configuration) HTHii&MER I8 B 3l
HURBAT IR, B R R R A — A =784l (s, p,0), Ht s € S, p Forat ¢t I EhAs g —
AR, B p W2 Inv(s), v Rk VA BT A B AR s i) — AN RE. B0 E, MRS R R A BhALINAT A
CIEEE 3/

HSHLIAIIERE RN (s0,0,v), EIWIERES, AbTARAS so, HLFTH I BIAR R BN 0. X TAT A% =)
(s, p,v), HATREMIAT A1

1) ZIET R, A thHE R — F MR A 1 (s, 9,a,p) € B, 3o p FoRn— AR R HAE
EIRSAG IR ks, 25k p H o W2 Bl g #F r e RIC)AR(V), s € S, H p(r,s") >0, NI
HEWLIEATENE a, AR p(r, s') TR EPRE s, FARTEREEAE » AR & W BUEEAT 202

2) IFE]FEHE (time pass). R s HEARLEIRME o ANRAERW, B Vb B NHeh A 5 i HE Y
IEE ¢, HEESRATAEE ¢ < ¢, I e s i IUESE n ¢ 5, AR Inu(s).

RN ) [ SBT3 AR G5 K (cost structures), T %11 2 GELEIE AT INERS 2 R A5 B sl i
5 SAE BT T T FE AR . BRI R H ML PTA = (S,s0,4,C,V, Inv, B), AHY RN Gk )G, £
IRA (S, s0,A,C,V, Inv, B, (Rtate; Ract)), 21, Rate : S — Rxo ARSI EL, Fonab T2 IR
s €SI, R AT Race : B — Ry ABIEAM BREL, Fom ot —sh VRS pr s 1A

FE DRI IR 552 T IR T REAT k35020 R0 BRI ) R 55 I o e 1k 2 — ke e, AR IS ) 1 S BILAE Ay 2t
BT H A28 7RSS 1A JRAT AR, X 1E /& ToTSML 5 5 KT 7 IR AT A i (13 S

v — AN R 25 (R4 G 3o, LT o h

SBeh = (S, s0,V, A, Trans).

55 o A
NonFunc = ((C, Invar, TGuard, C Reset), Suce, Cost).

VU221 55 (1 4 Jr AT DA DAy — A i A S5 R RO I ) 1 3l AL

GSBeh = (8,50, V, A, C, Invar, GTrans, Cost),
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H, GTrans € S x (®(V) A B(C)) x A x Dist(S x (B(V) A D(C))) EMEHTH <RI ES:
il t = (s,g,a,s,7) € Trans, H. TGuard(t) = ¢', CReset(t) = ', W (s,g A ¢',a,p) € GTrans,
Horp, WA p 2 XN

Succ(t), WMEs" =8 r" =r A,
p(s", ") = ¢ 1= Suce(t), WHRs" =s,0" =rAr,
0, 5.

AR bk s SCRT AN, RS54 JR AT M B JR AEAT R o0 O A b, e ARG @ Pk 5 i, DAAAR
TR SS AE AR T IR A5 B IR 8], 5 A A% S0 184 R 2 PR o e T ORI b A B i, ANTdE— 20 36
ik AN BIE R A BN R L0 7 T SEPE 5T, ARYE SR RS B 5 e AT IR, BEALHb L B )5
ARRAS s LEVTIRETEFETT 1, DA Gk RIS RS EIT RS BT e 9% (1 4 DU VE Y. A ik £ K] 4 it
TS, FEERE T — AN A S A TR I (] Z0AL. % A Sl R — AN R, B IRS2
AT —ANRES. AR AR (0] 5 SRR AETE X, 4R B AR e 91 st 20 T Py D 1 iR 5%
TEIZAT BT 5 BORS R 1T 72

KHFALT BT 75, ToTSML HVAE DG IR S A IR A [FRE T i A 8 4y R4 10k (] E B AL, S B
ISR R A 3 B ) SHLER B8] F BIHL (timed automata). 1 H1 22 AN SR BT L [RI 41 Rk 1
TEAT IS PRI A, R Bl AR A 22 1] ) 1 B L 9 5.

76 ToTSML 1, HHER PR (1 1 SCE I i@ 4 A SO RIA, Hh Dtk mn] 56 4 H CTL A
KARFE, MM T IhReE Rz i A DG E . vl REbE . BT FE S N Bl CTL (i a4
TCTL(Time CTL)!) FIiEY & PCTL(Probabilistic CTL)20 SR fi#ft.

1E R T AR RIZ 0 2R (R 2tk b, RITAT LS B ARSI T2 UPPAALRY Fl PRISMI[
HEAT 5 SR AT 3l 2 PR 1150,

4.5 BEIIENGE

B R AL G AT T 0 R R G T 5 SRAL R — e ) UK, 977 i DAy b B0k 194 e
55~ DVBEIAIT  J B A R ) = G il . v AR A R 55 A R 1R A L LE AR B R R AR
e H ks — B S YA SR (e . — T, PR IR S5 1A T O T DLAE e AT A h vl 52
LA, BRSSAT O IOAE Rl G5 SRS WU S SC T A 3R 22 b, S — T3 T, BRI (R AR A PR S AR
(K3 8 ZEAT 0 LS IR I i 55 % R 58 S AR (1 P ol B 3R] 5 RS 1) s Bl R (1 32 2200 i b

1) HEAREAEE R AT AR 52 KA AR &, AOIE R AR SeDL, BAT RS, R
K UK A I 55 2 T E A5 AN AT by A A

2) SR R S5 TR PR AR R W R 55 (AT A HiE, AOGESLT AT, o Hosm K i T
Ttz LI 2 Bh S5 o m PR RS,

3) FRAEWIBLIASE. YR M IR 55 KA T D0 i 0o 55 W) BRI A AR DR R, s BEAE R SE (A B
BEAT S AT A, RS20 [R5 (A E . AR R I AN 2 X BB I i 55 A T AT (KT A8, i 2
B TR 2, 9 AR 55 B R AL T

4) SRR VR ARG ORI IR 55 2R St 0 B P B 95 5 4 1A ) R 5 R0 1 55 1)
REAE, UL INAEIX L ASTAT A L. R FErp, R Lh— Rk . T8
N5 FORBRIE. SRS HI fa SRAIE T i 7™ A% , S8 5 gl UM . PR AN 23 AT
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5) HAT R I AR SRy A R p O T IBC I Jst - I 55 T REA T Ay 1) 038 45 A e A PR
BB, TN b 55 o e 1k 2 e K4 JR A D I R i A Qi a5 R RO I TR) A B L. AR &,
TSR 0 L5 I 55 4™ s SR A A I 1) L BB 2% IX SRR o 7 B AR T — 2D kM
JIR S5 B3 A RIRAIEST T T R SE PR SR ALE

5 RBIAR

AT DA e o WU N 37 5O, o6F b 3T 45 HA R IEG M i 55 Al R R AT iR

5, U IR I IR 55 5 A SEAA, SEBIA AR K.

o [RFRRSS: fER e W Each 5 S WIREAH G IR 1 IRk 95

— IR S, T RS N SR, Rk A atomService(tempSensor);

— GRS, HT s ik Bl 4, £78 HatomService(acControl);

— U BE IR S, TR S AR RREAT 20 My, SR A AR I ) A3 1 42 SR, 60 hatomSer-
vice(tempProcess).

o AERRS: — N ENIREKH GRS, %754 compositeService(comp), ‘B Fik 3 4
R R ARG, HARR SR

compose(tempSensor, comp), compose(acControl,comp), compose(tempProcess,comp)

o INBELAR: R bW E st 5 % IR AR G AT SR AL 45

— IR, KR N FREE SRS (1) 554 environEntity (air);

— R SEAR, RN A IREL AR 15 environEntity (ac).

o INELIRRYE 1:

— SRR E R, 7R has_Attr(air, temp);

— B EAEITIRESE M, R84 has_Attr(ac, runningState).

o AR5 X INIE SEAARRY B AN FN4E

— RN M 25 AR O AR PSS S, 3784 sense(tempSensor, air);

— PR S5 ELRE I SEAR s AT IRAS, RO affect(acControl, ac).

SR, M ToTSML i 5 RlaR Py 0 il 25, P56 S A4 AT (R 1 e i) D2 et JEE TR A il 2%
S SR IR A 73 Sl AR I e 55 PR 5E SIEAAR IR IR . — ANl B2 B N IR 85 1) ToTSMIL $iik
W2 5, b Air KRBTSR, ERSE R ASIE Temp? RAESIAF L, I H ol @kt 2 7F
GetTemp! Y5 iZilh BT L AROE L E MR SS, 1RBEN I Ik 25 AT Re R AR b, HENB] FAULT A&
R R AE TR Ry 5% (40 Reliability ). Mk4SRERS 10 AN ST R A — SR (40 Invariant
HI Time guard EPE’]*EEJ&), HAFREE R FE 20 NN AE R, RERRIESE BTHAE 40 DML RERE
(41 Cost FHHEIR).

TGRS Air FIE T2 A SAE air FIFERWIE 6 Jrox, LR R temp Al
humidity 5 ARG IR S, A 518 showTemp M showHumi ¥FIEE ¥ BEAE &5 FAN I, J14¢
K% 20 AN AL TR A 7 SRR — VOIRA AL

XM RE UL RGE, 0 I Ve i 45

1) DyRetk
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Table 5 IoTSML statement of the temperature sensing service

Atomic service: TempSensor
Data :
Environment : Air;
Attr : temp — Real;
Op : Temp, GetTemp;
Beh :
States : RUN, FAULT;,
Initial state : RUN;
Variables : temp, in, out;
Actions : Temp?, GetTemp!;
Transitions :
tl: RUN,{},Temp? — RUN, {temp := in};
t2: RUN,{},Temp? — FAULT, {};
t3: RUN, {}, GetTemp! — RUN, {out := temp};
t4: FAULT,{},7 — RUN, {};
Clocks : ¢
Invariant : RUN — {c < 10}
Time guard : t; — {¢c == 10},t2 = {¢ == 10};
Clock reset : t1 — {c:=0},t4 — {c:=0};
Reliability :
tl1 — 0.95, t2 — 0.05, t3 — 1, t4 — 1;
Cost :
tl — 20, t3 — 40;

End

(a) L4zt
pl: =N ERIEE IR 15 & 25 $R G2 ),
p2: %A IR RN AR SS 1 AR AN IR 25 2 AN TRl 22k
p3: A NI T 25 BEICHE, WA R 3 9 E N HIAIRES;
pd: A ENBGEAOT A, W HIGKTR B 3 5C .
2) AEThRerE i
(a) BITIZ0SR: PR p3 2SI S B I TRIZE 60 BB LLIA;
(b) FIFEVELIH: PR p2 i AL AR T 90%;
(c) BIHIHFELI A WA PETR p1 (PRI BEETHFEAE 100 I REE AL,
IR ToTSML Hii& i 7 Fios.
e, AL B, B3R 5 AR ARG RAFIER 6 i 8 SRR B A A B ) ).
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* 6 THIKA IoTSML ik

Table 6 IoTSML statement of the entity of room air

Environment
Environment Type: Air;
Attr : loc — Loction,temp — Real, humidity — Real;
Op : showTemp, showHumi;

Environment Entity: air;

Type : Air;
Beh :
States : S;

Initial State : S;
Variables : {x, temp, humidity};
Actions : showTemp!, show Humi!, T;
Transitions :
tl: S, {}, showTemp! — S, {z := temp};
t2: S, {}, showHumi! — S, {z := humidity};
t3: S5, {},7 = S, {temp := newTemp, humi := newHumi};
Clocks : ¢
Invariant : S — {c¢ <20}
Time Guard : t3 — {c < 20};
Clock Reset : t3 — {c:= 0}
End

x 7 BHRSIWEHZEMRR IoTSML #iid

Table 7 IoTSML statement of the expected properties in smart meeting room

Properties
Functional:
pl: A G (air.temp > 15 and air.temp < 25);
p2: A G (not (TempSensorl. FAULT and TempSensor2.FAULT));
p3: A G (air.temp > 25 imply A F (ac.COOL));
pd: A G (projector.ON imply A F (light.OFF));
Non-Functional:
Time: p3 — (¢ < 60)
Reliability: p2 > 0.9
Cost: pl < 100
End

H MU A3 an il 5 FE 6 frs.
B3R 7 IR RE S DUE I R IR FE AL A N 2 5 o X B
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GetTemp!
out:=temp

5 SIRRAHARSSRIBEERET 8 B sl ik

Figure 5 Probabilistic timed automata of the temperature sensing service

showHumi!
x:=humidity

c<=20
T
humidity:=newHumi
temp:=newTemp
showTemp! c:=0
X:=temp

B 6 =SSLKRYBEIRESE B il

Figure 6 Probabilistic timed automata of the entity of room air

pl : VO(air.temp > 15 A air.temp < 25),

p2: Psoo[vVO(—(tempSensorl.FAULT A tempSensor2.FAULT))],

p3 : VO(air.temp > 20 — YO (ac.COOL A air.c < 60)),

p4 . VO(projector.ON — V¢ light.OF F).

B2 MU R I T UPPAAL 1 PRISM, ¥ ] LASG UE ) 1K 4 JiRk 55455 704 2 115 il il A 01 B 11
P o),

6 it

ARSCE GGG PIICA 55 PR o, SRS 45 i T ISR B oK TR RBAY, 3R LT3R BE I )
R Al 55 SR 2. A2 SR i U A TR D Bl 554 T D il v (IR A 8. AR RERE b, ARSCRT A
VIR I 25 A, DOBERESEH (I BES MSGIBOC R, I 4 — 4T AR U . Sk — 2D b, RSO
IR I 55 AL R, S AR R AN (R X B I Al 55 i ffﬁﬂiﬁﬁiﬂﬁ%fifﬁﬁﬁﬁﬂﬂ
PR IR 55 A BT AT B AR RTE IS5 L REAT M I R I, 30 2 B 55 o J 0k (I 1)t wl Sk s %%
PRI FE) BIATAIN A, LeAt, i Rl AT LR N 18] B SRR P2 45 T AU B AR, A
1113 2 25 IR 55 PR 5 3 A AR BE5E 1 B
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HI 105 W I 55 P Ak (R A B AT Bh 25 A2 E, WM 0 ik 55 2 18] R 1 P O 2 5 e AR A IR, R

2B AR 5 A e X A EEK I Bl 55 (K0 3 25 1 P O AR AT @A, A 3 SRIBORR T 5 e Ok 55
St FLIK, -SRI W) i Ve 2 R4 (1t 5 LR RIS, AR B n 5 JE 2 e XU o A B e A
W 2547 A IR 2 A PERAL S R REA T AN 3 A B 2 AT N — 2B IF ST T AR
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Abstract Services in Internet of Things (IoT services) are extensions of traditional Web services. Through
sensor networks, [oT services can communicate directly with the entities in the physical environment, and even
impact them directly. So, because of the influence of the physical environment (such as the time limitation,
the resource limitation and the equipment fault probability), features of IoT services are more easily affected
by the physical environment than the traditional Web service. In this case, the response time, the service
consumption and the fault-tolerant ability become important factors in the performance of the whole IoT system.
Therefore, modeling the IoT services detailedly and formally is very important for the analysis and prediction of
the performance of the whole IoT system. In this paper, we propose an environment based IoT service modeling
framework as well as an ontology of the IoT service and a triple-element model, and advance the corresponding
modeling principle. Based on this framework, we proposed a detailed IoT model method, in which the IoT services
and their corresponding environment can be described in probabilistic timed automata. The user’s desired IoT
services features can be described in the temporal logic formula. With our method, the validity of the whole

system and the satisfiability of its non-functional constraints can be analyzed detailedly and formally.

Keywords Internet of Things (IoT), IoT services, environment based modeling, ontology of service, service
modeling process
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