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Abstract Most of currently proposed methods to construct Internet of Things (1oT) software systems are based
on Service Oriented Architecture (SOA) , by abstracting both physical objects and cloud platforms as resources to
provide services. Services provided by physical objects and cloud platforms are referred to as entity services and
cloud services respectively. Service middleware for 10T, which lies over entity service and cloud service, provides
infrastructure software for 10T task programming, discovering required services, supporting interconnection and
interoperation among diverse services. However, developers are confronted with many challenges to build service
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middleware for loT, because of the unique characteristics of entity services, namely heterogeneity, large scale,
dynamic availability, context awareness, spatial-temporal correlation, resource limitation, and actuating conflict.
In this paper, we first present the functional model of service middleware for 10T, and outline challenges to design
and implement service middleware for loT when taking the characteristics of entity services into consideration.
Confronted with these challenges, we present a comprehensive review of implementation methods of each module
of service middleware for IoT. Then we make a comparison study on the functional property of the currently
proposed service middlewares for loT by analyzing their different mechanisms adopted to realize service
description, service registration, service discovery, service composition and task programming interface. Finally,
we look into future developing trend of middleware for 10T, and point out future work to be done to improve its

functionality.
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PR AW 4) Baer A RS+ (Local
APD, 25 R iR IR DS B B REM IR
FAEIHE (Things APD, $R4EY) A5 6D
RS A WA, DL BeA it AN Hb IR 553 M
RS IRSS o

Forwarder

Dissemination Collection

" RMI
ES

802.15.4 Wifi Ethernet

Service Implementation

Physicalnet Protocol Model

802.15.4 Wifi Ethernet

3 Physicalnet #JE2 SL AR 55 OSSR 2244

2 J8 B B AN W iy R YR b A ST 2 AN SR IR 45 1)
15T, LLRCSEAR R 5 B 34 AT FH R0 R 52 B ik
H e A W 70N 3R T 7R S B S A iR 55 ()
ZekFERl B ST RSS 51 %, 1 NainB458 A\ LL OSGi
BATH PG RERESY T A BEE R
(Reflective) HIlR%551% (CBSE), ‘& Wi H A
) 22 AR 55 (B R OC R AR AL AN B 10, T 2 H
VIR B S B A AR A 5| S Y O S R A I R KR
BB S MBS E M H K. Wu & AT DL
OSGi & Akat, il a8 skl AbridiE 5

(MASML) SCRY RIS SR S5 B Zs nE,
T8 T AT BT 55 AR [ 45 5

4.1.2 BT EEAZMSINAY SRR S

L3 A7 A0 G 30 B0 1 4 B S A Al 2% —
NEAHERANNRE S, BIIX SR 55 TC R R i A
WA A B E AT P ERAE B 0 R AR Bl% ) sl AF
AT o 5 RSB SRR 55 G SR, B AT
T e TR B AR SR R 55 e H SRR S S T
%, 111 Agent-oriented Smart Object (ASO)S8I1 Smart
Productst,

ASO (sl Zetytnid 4 Fizr, 5 Physicalnet
e H IR SR IR 55 IR R ARG 2RALL, ASO AL 43 il 7E
RN OC BB I ERAE . T EEEEE T INF

(Internal Node Framework) SZELZ &R . 33
TR EHATT S NG S BE R ThRE; M E BT
ISOF CInternal Smart Object Framework) SZHiE K
VR BRI DR, AR Re 2 b SCHLTH )
BReRR A, PRIUESRE R ARG EER A
AR ) ThfRE . 7 A5 SC 2 2R A 1ISOP (Intra
Smart Object Protocol, 1 IEEE 802.15.4) #:1Ti#1z,
W 2% 2 [7]=% Fi] ESOP (External Smart Object Protocol,
Wi TCP/IP) HEATAE B A #k . 7ESCHR[S6]H, 1E&H %
T JADE F1 MAPS ( Mobile Agent for SUN SPOT) [57]
TERHMEZESLEL 7 ASO. 5 /i BRI Z 15K E (Multi
Request Scheduling) e FH T A0 IR0 i 1 e 1=
THAE, FEORUEF 798 SR I Ak 38 A8 1R B I,
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Agent-oriented Middleware

Knowledge Base

Adapter Reasoner

Context Manager

Internal Smart Object Framework

Group

A =

ESOP
(IP Stack)

Request Scheduling

Management

Intra Smart Object Protocol
(IEEE 802.15.4/Zigbee, 802.15.1/Bluetooth)

Internal Node Framework

Multi Request [[ Dynamic Group || In-node Signal

Scheduling Management Processing

T o

Intra Smart Object Protocol
(1EEE 802.15.4/Zigbee, 802.15.1/Bluetooth )

4 Agent-oriented Smart Object BYSCIRZE44)

Smart Products®E iy & B A 7485 BRI
BREr i S SEIAERL, B MR R e
B %R (Proactive Knowledge Module) A #
i (Reasoner Module). i iR o i ¥t
Iy N TCEIERT (Meta ModeD) . IF[AIFEAY (Time
Model). i S #5% (User Model) . 1154571 ( Context
Model) FI4TIEAE7 (Domain Model); i F bk
FHRI6 MR, SR RDFS28 OWL3#E4T A A4
B, SZPUIE TR PSR TSR BT AL R )
RE SRS -

4.1.3 ETF SOAP XA&HI Web BREZEHISCINAYSLiA
Bk %%

BEE TT4EM (World Wide Web) AR IIK JE,
IR PR AR R — S T HTTP SR %5 A Web
M55 o T AET DA R B A AT W% ST R
%5 H W _E IR X g iR 45 3 AT B I AR
SenseWebI i 1+ FE T HTTP W isUHE B0 5%
ESEHLT SOAP KUK (K] Web IR %5 . 1T HTTP Pl
SR TCP itz b, i TCP R E WM&

2 RDFS. http://www.w3.org/TR/rdf-schema/, 2004
3 OWL. http://www.w3.org/TR/owl-ref/, 2004

il A B AL L S ] AR, SEBR BAEBERSZ IR
Bk P R 15 4% ST Web IR 5 B — 5 Bk ik o
NI, IETF W32 7 CoRE (Constrained RESTful
Environment) BT /EZH, SA7E PRS2 MR A5 &% g
37 Web 45 #T 7 5 HTTP X 25 (42 s 20 8 2 P
W CoAP (Constrained Application Protocol) [
EBHTTP (Embedded Binary HTTP) [62, ix
WHREE ST E UDP/IPV6/6LOWPAN Xtk F, FE
224y BIZE Contiki 1 TinyOS #:1E £ %5 th Sz e3,

Moritz 55 N T —F{E CoAP thillz i
3. SOAP A& Web IR%5 1771, FERA EXI %
B/ S e WNE e 28 4 8 T3 SN NS %8
Tl Web JIR 25 fai #: 5 EXI/SOAP-over-CoAP JIR 55 i
¥ SenseWeb s B ) Web R 45 T R A
XML/SOAP-over-HTTP, FRR'EHAE HTTP HpiX
Z b, JERH XML S 2% . sl B
H LT HTTP B Web iR 45 S A% B3 T
CoAP i [1) Web IR 55 2 [0 i % Hz, Colitti 45
NEESL T —Fh HTTP-CoAP AUHE R 55 #0551, F 15
B HTTP Hhi 5 CoAP Wil [RI A L% 4. itk
— D PRI A F (0 P DO 44, B4R WS4D 1 H
R DPWSESIZLH B 26 SOAP K% 11 Web
4535 AE UDP Hihilz b IBM $2& H T il ik 55
#4488 (SODA) ML FE =/~ F BiAsi e, %
FAAEBCAEL, THI [ S PP A M 5 % (1 bR
SVERIE ORI, R A PR I IR 5 S A A A
4R B SOA SRENLE; W& MRS M, $2
Bt R BANT i SODA ARSI ZhfE -

DA 33k e 5 AN [R] Bl WUAE 3% 0 AT 14
S SOAP AU Web iR 25 28k v LA 5 5k
%i— %K. H TR SOAP XM 2 371 Web il 4538
B R f# ) WSDL 5 H it 47 BARGA, [RkfE
Web 45 2 i 75 BRI AR RN R A AN 4R
BLl, FH WS-*Eox. fEuimg, B HEATE
WAHERFMPAT B A& EET EBHTTP PhEEAL
SOAP XUk ) Web 55, 11X (1 SR 2 ]
171, AR 5 FRea s TIXFEE R R
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Writg 5. i ) IR ORI e R PR S RT Sk 9

| ws-- |
SOAP
Loxme ) (e ] [ e ]
| HTTP || CoAP || EBHTTP |
| TCP || UDP |
IPv4, IPv6/6LowPAN
Link Layer (IEEE 802.x)

5 WS-based Web X4 B SE{A AR 55 SCIN 4244
4.1.4 REST XUt&HY Web AR 55224 SC I AU SER AR 55

A EL IR P BE 2 12 REST XUKS 1) Web AR %5,

AT HTTP B i & S DY 4 F 5 B
(GET/PUT/POST/DELETE) fENMR4#:10, il

URI FRiRARSS, i RSS 2 ATOM K& A fEE A
HYIRS . Nk, 55 Drytkiewicz %5 A\ [BEI7E
MicaZ 5 i _EFET ulP AT HTTP Bl T REST
KA Web Al 45 pREST; J&2k Schor 45 A\ H
T —FCLENHEEIH (Plug-and-Play) )75 27 3 A
523 REST KUK ) Web IR %) 515 ZeroConfig.
PREST F1 ZeroConfig #fi /& & T HTTP Bl FE AL Béds
7 5 SEHLT Web IR %S, T Guinard 5 A\ B e F|
FEIRER AT s RS2 IR, A A RS T AR 1Y
HH R R BB Y AT AT FA% UL 3 )5 DA REST R
) Web 55T A4S RS K&
Luckenbach % A\OLEF 2L 15 8, $H B SR EE M
KWLM HIMLFEESH R BT &RE, D
J2iETE Bluetooth SDP. UPNnP“. JINIS. DLNASHI
Infrared 45 i 55 & I P S T7H A 3 1) ) 3ol 8 e R 48
BEI RS G — 2~ REST XUk I Web 245 (TinyREST)
Ja BN

BT HTTP Hpis LA TCP #riSC Bdis £4 4 das il
W, BESRAEIE DRUEEIR AL R vl g1, HE 2Tl
BRI HIIT 44, Duquennoy 25 A\ 721D 240K
N7 AR T HTTP (P RE,  FFidid 4 By UL T
TALEE, DATE BTS2 PR AT s B Sl PULL/PUSH
730 Web fIR%5; Yazar 25 N3UR$ m 4 s 2 A5
Web R4S 1HERE, S5 A MAC PR3 HTTP #3%

4 UPnP. http://www.upnp.org/, 2006.
5 JINL. http://www.jini.org/, 2011.

6 DINA. http://www.dIna.org/,2016.
7 IRDA. http://www.irda.org/,2011.

[FIFHEAT T ok . B RERI H AT 4 i IETF CoRE L.
YELH LT UDP B 3LHIRT T 5% 84405 H JZ #1 CoAP
AT EBHTTP, Castellanil4%E \$&H T —ANET &S L
SEPL REST A% ) Web R4S 1444 BWS (Binary
Web Service); Mainettil™%& A\ S28L 7 T CoAP
W REST MU B SR IR %S, Hea i T —Fhid
AR H RS %% (Proxy Server) SZHL 53T HTTP W
W Web AR 5 2 A AT HOBE 7
Dawson-Haggerty"s156 AT EBHTTP ¥ A [
P —ANET 92 REST XU ) Web JIR 2% () 2844
SMAP. 41, Houl/V5E N\ 2% [& 3 FH i sk ARt
SRR S BRI, BRI P — AN TR SR B — 1)
FAVBESAR RS AT EAE, TR —H A A2
FHICME IR 45 HEAT R4, X CoAP BSUEEAT T ik,
i 7 COMBINE Al BRANCH WM RAEJHIE, [H]
ISF 30T A G A7 WL ) DA B B nie) S92 R AR B B 1)
M55 K, ok E MW iPR N SeaHTTP. AT
SeaHTTP, AW Fi4H th 75 A% B 48 5 o5 B SeEl T
REST XU Web %5 -

DA _F 3k SR AN [R] 19 8 2 B0 i3CHE 1 s B
5% 17837 REST JXUFE ) Web IR 45 22k v] DL 6
KRG —Row. W, TEVIEEI AT SCEL REST KU
(1) Web k%5 (1224 L 5B SOAP XU 1) Web iz 55
SRR IR T — 2, AT BRAG 1 B Ak IR 55 5
k%% 2 [ AT HEC S A A IR 2 E .

XML, EXI, JSON Encoded

| HTTP || CoAP || EBHTTP || SeaHTTP |

| TCP || UDP |

IPv4, IPv6/6LowPAN

Link Layer (IEEE 802.x)

6 RESTful Web X\A& Y SE4A AR 55 SCET 2244

3 3o A X DG i I A i 5% ER R A SRAA A TR
SCHLHLEI T LR A, SRR 1 45 AR S iR AR
55 P e (Bl AR A T e AR 2R SE B
SEAR AR ST 25 18 T A SR IR R AN B 52 BRAE i oK 1)
PR, BETE T ISR DI AU [ 4% 1 R S REAR B, T
e = PSR R 55 A 2 RE X I ANRFE, DLt
ARG GBI R R ThRe. (B2, ENTHE
B 25 FE AT RN R BB, IR e A Bt
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MR FEHTII DI BE o
* 2 YR RS ST FMLLE
SEIRBERE JE IR AT R RN S(ﬁi?&iﬁg RI\E/\?;))EIE'E%E@
JiF &P IDL DF Agent WSDL Atom Publisher Protocol
Description
HrFortgl | CDR ACL XML XML
EXI EXI
JSON
RS2 H ML | HOP MTP SOAP-over-HTTP HTTP
RPC SOAP-over-CoAP CoAP
RMI SOAP-over-EBHTTP | EBHTTP
SeaHTTP
il | TCP TCP TCP TCP
UDP UDP
A5 Physicalnet® | ASOI5] SenseWeb[?] smartGateway® | TinyRESTL™!
ThingWarel3 | Smart DPWSI6] pRESTI®E] BWSI4
Products® | SODAI®] ZeroConfig(®d sMAPIL76]

4.2 RR&HER

MF 2 FTDAE tH, BT IX DU Fh LR S B ) S ik
R 55 2 1) P B K X 7E T e AT B A 1 R 45 42 0 1)
ERAE . Bk, 7040 200 R LU A2 78
H € N HFE R # O ARt ARt blE
JE XA B2 4E, SOAP XUk 2 LLH &
SCIT Web ik 2582 R PR i, REST XU ) Web
R 5% R DARRUEAL () HTTP $848 [FiE i et
e, TSR A RSN, FHEER
S s pR AR 45 (U2 T4 B A 240 S IR S A4 R 25O
HAES ARSI IR ), HErfEd 7 —2
I R SAAR R 255 25 R 25— BURI IR 5 R T i

MR R G 2= — B FE LR LA (D
PR 55 i N TR s (2D BT AR (BUG )5 (3D
EThaelE M, i QoS RS A BRS04 B 5L
FHRSERE s W25 85, (4 HAbSR
FR, AR AR MRS 2R AL e LR
JIR 55 B SCAS A AN WSDL ik 45

M 2 FTUAE Y,  H a0 S AR S5 82 11 15 B
IR T840 5 (syntactic) FOHNIE, =55 00 AR
bl RS IRAER TR, LAV R RS IS 4L
& FERAE YL BT AN R 282 1 S Al 55K FH L
BAFEEER RS #RIES, HWAS TR H
MEBCS B#E. Ehxbizim s, Haroakd 7F
T B Z IR AR S ik Ui, BIJE 185 X (semantic)

IR Tk, B4 (ontology) AEWEIEIL—Lk
G5 T Ak 1) 1] I SR R f 3 0K R A0 AE O 1 1
(concept) T2 (class), SEELALHE AR 5515 B
REBRE IR RIS e, DR AR A4 SR A IR B B A

H A1 58 H AR AR 1 = & OWL f1 OWL-S.
L OWL-S8 M4, 3K “Profile-Process- Grounding”
ARG IARE R, BHE =4 1) profile, & Uk
ZHI%T Wl FNfHIE X 2) process, E
S NFE 2% 3) grounding, & X H T E
R AC R AT, BFEAN O S,

Avancha &5 \ 781 B A FH T A% 1
T RGHE M, AR ERE . S R R
TLRIB A, BAIH. Michita 25 NTAE X
K25 Cclass) AISEf] Cinstance) FRIMES N T-4%
T, R T E U (SSN,  Semantic Sensor
Network) HJ#EE . Eid 58 AT IEEE 1451 Frifk:
P BB AR IR T, AR (D R
B REAL BRAR ORISR s (2) EALAINZ
AR 328 (3D M EME& Z ROk RANZ) TR 2%
s (4D AR — Bkt . /e, W3C 2N
FRAL T 110 SSN AL TAELH (SSN-XG) R 7.
SSN APRIBU, A IR 5 G5 B AR S AL 1 BN 2040
M55, HIREATIR ML B ERE BN 2 2 B S A
KILB R S5E2e,

8 OWL-S: Semantic Markup for Web Services,
http://www.daml.org/services/owl-s/1.0/, 2004
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Wil Y A5 - T i e 55 (0 BB 0 P ) Bk Ut 11

Mokhtar %5 A BVl 56523 55 R85 AR 25 12k
PEH T — P T AR RS R IES (EASY-L).
EASY-L i (1 ik %% B 86,5 RE ) (Capacity) FliE
P (Property) PN, G SR FRIA %
AR RS B TiE R RS, BRSSO RedE &
P, BAREREHA (nput). %t (Output) A&7
(Category) =ANE7r; JEPERIHL A T 3RIE RS 1
EDhRetEEME, AHERS G E (Context),
WYEASEE L. APEE AR aEHE B A
k% &S E (QoS Information), WIARSSACHY. iR
FVERE. RS ATEEM. watE. B 7 417
EASY-L fifiiR (IR 5517, Horp SRR BN it
15 B AURSS 245 21X LA LA LA A (1)
TR AT 8 XFIHIA -

has isA
i require
Capacity q ;| Input |
. provides
provides
Output
Property
uses uses
| QoS Information | | Context Information |

7 —HMETAREHR SRR

describedB \

provide consider
Services
hasConstraint
------

8 —HMETAKHIuHEIRFIBS AR SRR

Huang %5 A\ W T o 55 R 5 2= o R R 2
B (1D Py Bt IRt I IR 25 5 P b i 3R I
AR, BT A AR FER, $#
BERSAR IR AR (20 FEAM R BEIR L n] DL T
2RSS, B IR T R ARG RE A
PR FETIXFERIXN, AT T —Fp B A
PR RN R AR (i 8 Fias), JEHIE
T OWL-S i 5 X 08 I S AR 1) I 55
TR, HApSIEEME (Profile). FIFEATAME S
(Context) . %% (Service). MR4IRMEL K
(Constraints) X JL/MEHER LAAAR T it 47 €

SCFIAIA .

Fortino %% \87 ] JSON i 5 & X T e HdE 5
A, GHEPIREIERAL: (1 KA (Type), HT
IR G i AR IR BIARES s (2) 4% (Device),
M THR SR ENE, hfrmas, &8
B AERE R A, (3) RS (Service), HT
IR eV IR RS, AFEIRS RS 54
PRy BRESIAL. IRBIZRAL, MRS VLA AIEEME, @it
IR 55 44 FR AN IR 55 U B Hh (R B R R IR 555 (4D
frE (Location), Tk & Ge47) it 1 4o Xt 7 B 5L
FHXTALE o 3X VU FPEHE SRR A 4 T IR R Be A it T
REPERIAE DI RE I JE VeI A, DR T e e A Y
(P IR S5 FE IR AE 24T JE T AR IR 55 ik

Wang 5 A\ B8 T R W6 I iR 55 B AR AR 75
BHAPUAER: (D BEY; (2) 5E&H; (3D
HeAME: (@ T, FxF OWL-S AT ek,
T “Profile-Model-Grounding” IR 45 iR B 7Y
AR5 DA b Bl (0 SR IR 55 R R AR AL AL, ATE
LR LA AT T R (D AR T xHE
HJiE & (Qol, Quality of Information). #11H1355%E
B B 000K o % B4R 1 T e v AR T e Ak
JE&IEHI ARSI (Service Test) HIffiR; (2) A
B 5 AN ERAA . FR R ECE LA 0 B e i 4
LR, FHd o AT Ak B = W I iR 25 Vg 1] (%) ]
P12 Bb AR, Linux 2 & S WA S RF— AN 4 N loTivity
TS, EALE uPnP #E X [PFEAE EEEH T 10T fH
I, FF AT TR AP $2 i 8 — 1)
APL,  AORIEY s BE U5 52 (it (10 ik 55 2 [6] o4 EL I

RO, H AR A S AR IR 55 38 T7 VT e b
R T SEARARSS () A RN S B, A
W RS R 8 — R A BRSR AL T AR G i Bt o
4.3 PRE5IEMETE

TEPNBRN RS R, A8 e HERf s i 3R
FRFT R B SR RS AN = 55, 75 ZEX IR S5 (R R A5
BHHTS — AL SEH, £ 3 84T Hurmim
IR B R F () SR IR 55 5 25 MR 55 A B LA
I T B0 7 v SR AR b S i b i O kAT
B, Eoln Fortino 5 ABTIR H T E# LAY T DALY
REARTE AL I SEAR R 55 b AT 4R, FFIE T JADE
(JAVA Agent Development Framework) JF /& HESE,
et 17— P& A R % &R Sl WL BottsPHUAI
Sheth!22 53 51>k H]  SensorMLELFT OWL & & X} A

9 loTivity. https://www.iotivity.org/,2010.
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SOAP JXH S HIL IR SR Web AR 45 HEAT Hifiik, Fdit
H3% 45 (Catalogue Service) K& SRR 45 .
AT O e — 1, X R A IR & v
EHITEARA Ry tE, i H— B
LR, BV RS 0L TR, % E S
SRR S5 KA, A WF N 528 P2P R4 p
PR 771 T A2V BB o 1) iR 25100, —
T 7 1 L A B D o (1) 5 YA A Hb I o % B e it
MRS, MM P &HEEG R EAN RS, Dtz
(Flooding) =)™ 4% 77 = ) P Hc W) v 1) i A7 2 5
ERRSER, W0 Yap AT EZEES—A
RFID #1148 % 248 MAXIU, A WLiZ% 5 484 ik 55
HEMHE BRI BAR, (E2 R IR 55 11 W 2638 45 T
B . AEARIRSS I 2848, 55— Fh i,
U Liu 258 A3 H K Push A1 Pull 45 402 Sk 1 IR 55
RIUETR “comb-needle” 92, J&LEWIERIH KA
B ) JA AR T AU R IR S HE B (<HRSSHE
W, RSALE>), ABJETT ARSI AR S IHE

BIHAE, @bl “IRSHR” FEERN “ His
HE” BB . XA PR BT R AN RS
Tk 55 il iR 2 4B HE B ( Description  Logics
Reasoner) LR 5515 K K IL L5 VDL b 52 £ B 75 ik
I Bz i TR, PR T R SS IR IR 2 4

DA b3 9 o o A 2R 55 13 0 A 3 2k ER AR
TRT W Ao ) — T R R P B I R FH R 4 1
AIEEPE IR, AR IX PR AR TR BRI iRk
SRS A W BB S5 B R I BT SR IR S
HA AT RS BB, SR IZ R 2 A X
T BB 27 AR B BE R 4R R 8, DRIeA))
SR 2 X DI I BL FH R G 1A AT 4 v R AT A 4 v i
R E IR . Ak, Evdokimov %5 A 1981 S 43
MAPEAREH T — M msm X o7iE
DHT-P2P K& B R IR S5, Tk UF, %07
R —E G (Consistent Hashing) i s 438
AR RS A = R 55 (R HE B AE B &, EHE
BT e kEoR, RI<ResHiing, MRS

® 3 MIEKMSLIARAR S S SRS REMEIEIH

JIR S5 VE N E IR 55 R
Frh ME— 3 T H IR ST B
AT RS TENHE B BT S5 K
Iidiat ARG | TREIRSSTENME BRI “ RS | BT B ARG ER
w7 AFEN “ Btk (g b
gtk RENETES BT Bk A RS Bk
RE I LML BT 2 H R A S K

P E >, Hor R 55 Fd R AT — Bk A 1R (1
{6, Mss i B2 U ISR (2 MR 55 I P B B IR Bl 2 g
BEURI 1P btk Rl bk o BT A 2 A TE T 5
PEJT T RIPC R, 0 b Bk e A 75 1 B i A 2 3
AN TTHIIE S, 5T DHT oA & iR 55
TEME B A B A s R S Wl
J AT T e 1

AEh, AT PR A B R S HE BT
%, MRAERGTBOLZADIRSTEM L, IRETHR
PR A TR IR AR 2 5 AR B R E A Ry, 3
T e 22 1) BA AR 45 A 2 e A 73 A 245 R BEAT
ALVE RO, I O R 55 R BRI,
HoEAERAMMRSS H XS A LIRS, EAEAE
YU LR [0 A2 BRI AR SS, 15 UL A Uk 55
RITTE, $ s BwisE R R et
TXREE AT LA G BN 1 i AN 2= i B RO IR 55
B, AT B AN P I L 2 e ) SE B L

NEeRFER QAT SEVE. ATy PRI A 44k
4.4 PRBEIM

55 R 305 M 55 i 0 5 i 55 1 U A 3 A5 U AH
Ko BRI

(1) RIS R ITVERI AR, 0T LR R S5
RPN 53 A FEFIBILICEL (Syntactic Matching)
FFE X ULHES (Semantic Matching) 1R & UL =
PR o 1B VT SR 45 5455 HR LT AT AH L EE DL
VB SCIC T S35 155 355 8 1 13 S DG e R0 S 15 45 Jk
BE SCUCHC . 25T 3.2 15 FTid 1 38 T AR 1 R
AR TriE (Gl 7 RE 8 k), HETRH TJL
T T S50 SR 5 SCITCTAC 1% R 55 A B Lt 851081, 7
SCHRBB]H E E LT FERRULHS . A& ILELANgS UL
i = Fh AR5 RIS, HET EASY-L #2745 UT
e 7772 (EASY-MD, F44 EASY-L 1 EASY-M T
TR IUA (IR S5 R BIMLAR {8 A 5% R ML AR B B
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Wil Y A5 - T i e 55 (0 BB 0 P ) Bk Ut 13

HRBeME: Yang 55 AL P (0 IR 5518 SR A S 44
R RS BRI AR, R THET
ARIIIRSS KIS, BFELLF 2 1 wkar
fift: W P B IRSS 18 SRAAR 3 N R A B
AAk; 2) FEWMEH: KT FAERGETER; 3)
TR S R BT 1 AU SR A A L () S TR 55 5
4) HRMEVEIE R PP AR RS S E R
VEHC R

(2) HRAEIR S VEME BRI A E, Ay DL
M55 RIHLE N EE T H RIS A Ttz
MRS R AR S R B 3T % FH IR 557 SR 1 IR &5 &
W, DARHET —SES A RS TR (K 3.
11 Bluetooth SDP. JINI £ UPnP &3 T4 rp il 4%
WAL H S B R B IR S5 R I, mDSNECIFI
GSDUPA 75 ZEAE A AR v E M H 3%, 102 K H R
TR RN 20 AR 2 IR 55V SR IR TR R I IR S
SLP Zi& 1 LA X WA AR 25 A AL ) JE 3, RE AT
DA T RSN H 3%, ] DR A2 IR %%
WSRO R R R BURSS . IX LIRSS R BN LE] H i #T
T B VA VLG (1) 7732 9 P RS A i A 4 P 75 1)
5. ZRSCHR[95), #5X HE iR 55 2 BATL i) R FH s
T SCUERC 732, AT DATE R 25135 SR A% 3 b A% ol
R RIS AR Z B IR R, WHERR
(subsumption), A A A RS 2 TR A o3 RAR Y
JRIREER, T4 e Rk 55 A B HR) I

BT SR IR S B AP . RO L A B8N
PEFIBEIRSZ PR, BHomE N8 Zs T HErie i )
RIS LA g . AR I R 25 R T 1
B LR iR e B % . EbEn, Snooglel®% 4> 2 (Object
Sensor/IP/KeylP) B8z 51775, FH{EH Bloom
Filter XJ ik 55 Fiiid EAT IR A A7 it , IR 55 RIS A FH —
i T1E AR S 08 1298 09 % B AL R
TF-IDF(Term Frequency—Inverse Document
Frequency)ift 471822, Zhang £ A[MO0IZ: 3 % I 9 T
BRI RN R A ], TR NS R
Wi S N [), 9715 28 TR 2 PRI A& (M e B s Teixeira
S N DROUGEE 8RN % R LI U7 VR SR R 1 oK
P IR 55, DA IR 55 2 BLAN I8/ B3 U5 T #E 5
A FLE I N A o BRI R 5548 2 3 11 () T
b an TS AR A 55 I Th e W BRAT B AR B U
FRACAA: SRR AE 18T SRR AT IR 5570 26, B AR
PR SSE R BN Cnf P om s B E . AT3R
HRURS TR) S5 ) 0 DU HC (0 iR 45 B s b AT Pt g, A4
N ZRA R, BIA0E SCER[102] 7, 1E3 Jeidid R H

HE AW A LDA (Latent Dirichlet Allocation)
/MR RIRS T, 25 PR T 2R 5 X
BHATUCES; 76 SCHR[103] 7, 1E# FIdES$ Dl 3=
B HDP (Hierarchical Dirichlet Process) 75 2t
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R, SE I R 5% B0 SISt e 2 28,
L) IR IR SRR [FIR, MhATTR A2 e 4
(Signature) DLHEC /7325047 57 # iR %5 (WSDL-based
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FH R 2 T R PR S AS B IR 55 8 AL 07, ik
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T TR 1K e IR 55 4 G R AL R WIS AT IR A B Y
M &%, LLSERGE € IR TS -
4.5 RRFBEESHEED
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(1) UEmEXRMENmBEES (PL
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ML 45300 (Workflow), 38 ek e S BL A A s 75 B2 1)
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(2) BATHIH A BRI 525 B AT

55 YRR TRBEEUERI IR A e b HER Bl 55 AR Y,
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MR FBRS, TERIRSSHEE, LA 2V R
R 17K . T Physicalnet340b 61,5 ) iR 55 i AT s
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5 SRR 25 RIS 5 2L

BT VAR H TS5 SEBLYIE R Al 55 o (8]
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WA IR 55 e R PEEAT 23 S LA o AR T T 1 ) SR
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AL IR RGP SR 53— JE I R R AU
SR R 55 BRI A 55 TR T, e AT R e B2 g
A PR SR R T )4 1) o 3 s i 1 b S
PRAR ST, WK R 55 F ] 1R 25 DO RERL R LLIZ 25 52
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Physical Mashup!** IFTTT W, 2 4%t B AT B SOHLR T2 B 1 1 e 4 38
InterDataNet!** Thingspeak S IR % (KB I FR 5 AL PR HEAT T EL R
CHOReOSHY Nimbits e, T 4 T LI LI A R 46 o [ 4
FedNetl115 SensorCloud 0 4 00 B 552k IR 25 SR R AN TR 6 4 2 S
SEMWARE!16] Everyware Physicalnet. 3CoFramework. 3Tiers. CHOReOS.
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SRIEIECS YIRS | SRIRSS | RS i:&:3 lij& sl k% | gmAEsE
MRS5S | A4 | R | EHE R HeE
Physicalnet!*] BT A& | A wik | ETHZN | IB1TH | 3
EPS XE k25 E 4 (PL)
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EPS XA k25 E 4 (PL)
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EES XI5 i/ s (PDDL)
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W TR k25 A4 (PDDL)
FedNet[11°] G AT | A ik | ETHZN | BT | A3
W& XI5 if& s (PL)
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% & 11 Web WA (P IR 55 (PDDL)
i85 AR
UbiComplite] R AT | Ak wX | Ak BTz R | BTR | A3EA
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Personal Geniel*'91 | & &1 /44 1T | /0 Am =k k| A HFHZ R | BATHE | kSR
W POE Kim R (PDDL)
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HR SR 1k E , BT CHOReOS. SEMWARE.

CUBIQ. UbiComp #1 UBIWARE iX 5 /™% 3 TiE
SCHIHER T iEAR - Fe TR X SEAA AR 55 () iR A
BT IEVEGON IR s 56 =, MRS M BRI R
% R SEITTIEKE, Br T CUBIQ. UbiComp.
Personal Genie fll UBIWARE iX 4 4™ 5% 43 #ii kv
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I BN, MRS HEFgmes Nk CRE ,
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IS T X A e ] A PR B AR S I T VE AT R A AT
(1) Physicalnet®42& th 35 [H 9 75 Jé WK 2% (1)t
FEN GAH I — R DR A AR R 54, b el
Tl e P SR R 25 R TR X R 55 R TR A,
JIT TH i) FR) 400 BER S A2 R 95 22 T 70 A O R ARG S,

B IRSSCEE ViR, FRE RS T
PR sh R B, b RSB, Vi)
2 1) R T SR 3R AR A BB IR 45 X DG R S5, SR
Z AN FR P TR — BRI i I 26 R A 2 3
RIGAT I PRI IR S5 AT B R G R il R A 1Y
R B S B R G G FE R R
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IR T A EE R ) 3R

(2) 3CoFramework[3®1iE: 5 [ py A iz 7 i pk e
KR FEN 53 5 HA PR — b A X Ak 3R 4504
EREEN RS DU, BREARZE . B REZ.
MREMRILR, HhHdR R RS £ e YBp v )
VISR RS, e = ERS NE IR RS =
R 5%, IX R 5% 20 14 (Component) i#id NRM (Node
Resource Manager) [r]ME— [ #pif#s (Coordinator)
HEMEAETIREME B, HAEM RS B N s i
(Connector) JEHZIE K, TR RF M.
[A ., 3CoFramework & S &8 FUE B 4G
YRR e I i SR il 55 TR () Dh Re A El, &
FIT THT 1) 1D Al 55 60 5 W B S A4 il 55 .- 3CoFramework
5T COBRA Zfetsify, it KiXJZMR%S AN
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(3) 3TiersBelg it [E 5% SR 22 R Fi N SR
) — P LA g A IR DR P SR A Ak R 254, B
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(4) SOCRADESE & Hifft[E SAP AFHFF
B A E - 5 B A R R TR 2R W e N R
— PR SRR Web il %5 1 ¥c#% (4 DPWS) 5 Ak
P& (i ERP) LRk R 1) a4, FZESLHlik
SEHEWM. RS KM RESEMAMEHE, &%
RIS H 22 SRR T RE o 12 Al i ) 1) 3%
M55 A A R & IR #f 2 LA SOAP XUk 1)
Web 45 S, BRI A WSDL 5 5 i ix L il
%, R 2R M O AR S5 BRI T H 3%
MRS EHKR, RSUHAE RN IR DAL T
SR

(5) SENSEIBSIZFR B FP7 Tl H 4 tH i — ol
W S AR B B AN AT W % AR R B
IR AR R, B BFE TR AR RS PAT
#% (WS&AN) i, BT H. HIHAHRE
BEUR O ALEL  BERTC IR TR A AR AT AR B
FUBPAT S5 B, Hoh WS&AN F K RPIHR
WA SR AR SS, BEUR H SR BRIR R L. A, YLK
R B IR IR 55 Fh B0 A, FH T B SR R 55 9
NI RGPS RS, TR AT 5
FUR AT 55 01 R AR HUR SR R 45 R G K 3 1)
FE¥: . BT SENSEI HalfF & SR IHAE A R
B, PR e ] DASCRE SR IR S s AT 4, IF
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% 7 RINK G FE -

(6) Physical Mashupl12 pi Fifi £ 75 22 H BE I
BT R 5 7N 18R H () — P 7] REST XUk (1)
W BR S R 55 BRI R AR R G5 M, e P sE LI
M ERE TR REM O LR RN Web R4 AN
=it Web R4S I F O A 3R A Bl A K
TR RS TR A, PR T BRI g AR
FE Clickscript, SCHF DAL B TE 20E S 1)

TR, IR ST T RS IR &

(7) InterDataNetM g pi 55 KR il B 18 1% K2
(IR TN A B H IR — BT 7] REST XUKS [ 544 iR 55
PIPERI I 55 [, S5 6 Froas e T REST
& 11 Web I 25 S B SEAA R 55 AN R 2 & BT 1]
(SRR 55 I 1 s b2 A 08 B ST A B AR AT 13
& BRI SHR IR S B O Ak, AR A OO R
1) ] 52 R 555 B AR B 4% 1 o b a4k A
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A e & A — AN IR S E RO, FH TR IR S5 & I
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A B (R T8 2R e SCH AT 55

(8) CHOReOSMUJE ik E INRIA 5L HT (1)
BIF TN DR A B8 — Al SRy eh e A, SR 1
TRUERE. RSHEE AR A TR ST
At B UER M Oy E RS, FFRH
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R 55 206 P B T RS R AR v 95 ( Dataflow),
B5 SR (Workflow) FIMES & —FER), Rk
Hh TR A S 4R Tl 5 TR AR Y 1) g 7 D7 SN AT I
R4sHE

(9) FedNet™S1i2 iy 7 [E] 2= R Hrke K22 i 7L
N G R B 53— B m) 23 A 200k 50 0B 9 il 55
HH R, B AT A H ) BRI DA Profile TERUE i
BERI RS, REANRUEAT LLE L2 A Profile, 1% H]
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—JE A AU .

(10) SEMWAREM6 Hy ‘& 18 3 [ i 7t Bt 1)
BTN LA ) — NP AE 55 TH SRR BE (Task
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—AME SRS FIRERRE CRREED SRAEAE X
RILFERY, SEEUE B RS54
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BER A R 2 AR S AR, fefts—n
U7 AP SR R E AR .z A e
Yy GRS AEE B R U M) . B BhE B, HORIT
B, il —3hE. BETES A AVERIES RS,
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(AR 55 43R 77 . UBIWARE K ZA~H 3% (DF,
Directory Facilitator) SRALZVEH B REIR, DL P2P
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g ~git] %KA Eiia Hi KL HeE B0
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17 Web Iz %5 1k 55 & (PL/SDK)
#
IFTTT SaaS REST MMg | i3 bl BT H | BATED | FU
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S e i) A2 R FH A AR U IR S M B, PRI iR
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At present, developers are confronted with many
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IoT respectively. They have to solve almost the same
challenges to design and develop service middleware.

To make a deep investigation on current work on service
middleware for 10T, in this paper we first present the functional
model of service middleware for 10T, and outline challenges to
design and implement service middleware for 10T when taking
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middleware for 10T. Then we make a comparison study on the
functional property of the currently proposed service
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interface. Finally, we look into future developing trend of
middleware for 10T.
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