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Abstract: With the development of service computing and Internet of things, software systems can discover and
provide service to customer actively based on context information. Compared with traditional service discovery, the
service requirement is unknown in active service discovery. The system needs to analyze current demands from
customer’s context-aware information and choose the proper service to provide. By using this as the focus, an active
service discovery method based on context-aware event is proposed. First, the change of context-aware information
is defined as context event, and the relationship between context events is expressed by event driven graph. Second,
an event-service FP-TREE is built by mining service log. On the basis of the two definitions, a service discovery
algorithm is realized according to the current context-aware event. Experimental results show that comparing with
broadcasting which is the general active approach; this approach can promote the ratio of precision of active service
discovery.

Key words: Internet of thing; active service discovery; context aware; event driven graph; event-service FP-TREE
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TR BE A B AR 5 R G D e R ™ 5 K 38 DM DG 10 45 A JE, S P (R A BOR) A B I R) L AR IR
A B 05 25 2 0 o 2 U ¢ E G 195 5 £ B O A ) % ST I P R 6 sl g D P 4R AR £ 1
S5 A0 T SR 14 X IR % 3 AR A e R S 1 S HEAT I AR P B, LA e s ik 7 5 Bt
Jolt o WER . AR IR S5 AR TE P A6 IR 55 A 6 2 200 45 FRO A o 0 S T D £ R4 306 T A0 5 3584 R e TR
SR 1 LA py 080,

LRI, HH O (K BIF 58 T4 3 1T 1 4 30 3 45 (00 1 45 A B, 2R el ek PR (60 M 45 348 S 30K 350 e B0 -4 3k 45,
T ARAFEEE T UDDI EF . i Web RS M. Web 4% % F & 3051 4 LL Kl FH A9 22 51 6 4 FhE)
SR T R L I IR 55 83k 15 0 25 75 SR 240 SR A7 DS T 308 ik G T P38 - S AT IR, 90 5 4 1O 5 11 0 25 I
25 IR S HE T Ty R 1A R IR, 2 B VR A R SORY (. WISDL) I 7 IR 45 2% 5 VL % o ik DG e T4
X AT 5] 2y 68 AR 55 6 AN ) PP 100 56 AT G A W 7 R i 30 L 7 ek R R ) R S R R L
A AR T A 24— A Web HR 55 BE 8 3 AL T /™ 7535 46 75 T £ SR I, 1 2 A4 % 183X A Web i 45 i $i2 43t ) 2
fig, IR AR 22 24 5 A0 6T h R R B L6 b 32 T 26T QoS MR 4 & BBV Bt 45 IR 45 ) H 25 4 2%, ikl 15
T2 R 55 H A T R T S 3R] PR IR 45 R B % £ M 4% A B AT 3 T T R R VA A A
7 3 TEVE A B0k 5 2 1A IR 45 5 3R, S B0 45 R B TE v TF A IR R L D 1. ok ¥ S W 5N 3 5 25 K B
A3 0 3ok A A () s SCORVHE B 3 A7 5 ¥ SC (KD I 4% 1 15 % B0 A 3 Ty T AR Pk 10 T/ €L DAML-S
Matchmaker™F1 Akkiraju 4% H[f) UDDI #3112,

GEO R, O IS S BT 9T X BT 1) 75 5K C0 0 0 1 B3 0% D3 P 5 0 R I 4% 5 ok 2 40 I 45 e L
{9 bR I, B0 A0 A7 78 50 A MR 45 I, B3 25 TR DR W 45 U0 38 AT BRBEAN T 7 i R R A A Ak, 3R 40 1 75 AR 4
A5 I TR e SR T (10 H5 55 4% 206 4 T 0T 8 A AR 45 A L. T 6 0 TBK o0 B 55 10 25 800 R 45 o, M 45 L 140 LT g
BRI, R G T Tk S I A P R A SRR P T R IR 4% LRI 45 7 SR A, H T AT
F A 1 7 e 5 05 4 JEL I T R 2 A 1 3 O AN A S P 4 IR 5% L4 A 9 P o RS 49k bk

Shy I, A S AR 0 T 1 2 B IR 45 R I R B A L s S B o R K B
(K 77 AR B4 B S (K 9K 5 5 2R AR AT TR IR 55 17 S0 s 3l ok - 45 FP-TREE 7 R 45 5515 5%
A2 VR TP 2R AR T R BT 1) 2 B B T, 5 4 S UK B B RN - 45 FP-TREE, SN 7 224 i il
R KT 18 75 SR 100 I8 55, S B0 3 30 R 4% e B

ARICHE 1 W BEAT 1SR S BT, ST 3 B0 R 55 S B AL, 20t M s SOR il BR324
LIRSS R BT, AR RS R BT WSS AR 4 R LSS 3 4T R R BI T B i g S R

1 EHRSEXDH

F BRSSO AR A TF T 4 IR 453 K, T B R G B 3RS A5 B, 20 AT F P AT e i IR 25 75 3K
SR J5 Bl 1) JEHR A 1R — P R AR 25 AR A R 8 B AR 45 1 SR MTLEE A DM A 1) 8 L

TEX 1(BR S5 Guis; sd). R4S sd RARETREE FREE . P BT IR AL — R PRSI SRR A A HL 37 ik
%y FEDXMR S A ol e 4555

EX 2(FRER oxt). 1WHHAF R oxr Zbr iR P RHE RS B S 8E B e S B3I E R
SEAR BAR A P NRRE, btk ) . AFde . ZBOEREEE . Tk, MR 2 U546 B A5 BAR TR T A ik 45 BR 45
TEGnmfTe] . AL E . . WA

EX I(BEEM). WHWIEFMY event RAENRS DU sd 1515 B oxr W] B8R A I H A MK 45 8 S HUE B

ENX A(AREFINE). B AERS VIE sd FAALE m PGS B (exty,oxty, ... oxt,), 280 T AL 1 IR 45 34 5%
environment 1 IR 55 A3 5 PG S A5 B 0 24 B0 SR T 4LR, 18 4E environment,={eventy,eventyy,... event,,}.

EX 5(BRFFK). M FHK rt— I r=(evn,s), i,
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cxt). V,Ey, HoH,
(1) T (sd oxt). V={v1,va, ... v} J T BE SHAEE R ORTE IS5 AU s 0 15 35845 L coer T RE R AR I HAT MK 5%
O SR BB AR

(2) L5 (sd cxt).E={erz.es.....em} NEM BRI, A MU e;=(v,v) R FAE v, KIS FAE v, Kk
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Fig.1 Classification of event driven graph
K1 ffRoRsh K 2R
Jo,
(EN I S e R0 Y 5 2 g E R )L Rl D = g L SR E /SO e T BUIK
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P 1) P 25 5 T2 S I AT 0, A B 0 ] P S vk B A QRS i T s
3% 1. Event driven graph update.
Input: Old event driven graph EDG, new event e;
Output: New event driven graph EDG'.
METHOD:
New edg EDG'=EDG
New event laste=getLastEvent()
Ifein EDG.V
If {laste,e) in EDG'.E
EDG'.E(laste,e)=EDG'.E<(laste,e)+1
Else
Add (laste,e)=1 into EDG'.E
End if
Else
Add e into EDG'.V
Add (laste,e)=1 into EDG'.E
End if
Return EDG’
TE 2 B M5 55 v 208 5 IR 45 3 1) 17 5 2 A S B 3)) SR 1B O 2R Ml i 45 5 S o o v, R =44 0K 50 4] 1
TO0 s R R 905 S, 2R 120 10 At B 3 S 106 Y 00 B 5 IR 25 3 P8 o 10 e A 1 386 o B IR 25 T AR I e 82, AR
T PR A B By G TR T H AT 2 AN W 3 0 AR T % 320 2 ] ) 2 B ) O K B ) AH 6T e T-3%0E .t TS B AR AN
W7 A, = IR P ) TR o R K AR A U, D e, Y SR DK B 1 T RS E S TS b R T, AR s R
R B 70 I 55 B3 sd T AEAE m FhAE BE (5 B (cxty,exty, ... oxt,), 2 S 08 A A 7 24 11 B Ak 19 IR 45 34 5%
environment,={eventy,eventy,, ...,event,,,}, W Wk Z 5 g 0,38 13t F4F 9K h B T 40 A1 1 P T R AL T RO R K T 0
)45 T i 45 1 055
I 55 R B AL 28 5 HL 20 it B S A 2R A 0% IR IR B8 environment={eventy,event,, ... event,}, % 1t i
FEIIREZE N p(event), IR 25 PR EEMEZR p(environment) WAk
plenvironment) = ﬁ plevent,) 2)

i=1

HAR M R A 0

Bk 2. ISR AT

Input: Nk 55- 3k sd #1555 B S E) BI4E-& EDG, 41 45 M358 environment S5 26 15 {5 6,

Output: il A& W28 13 1 1) IR 55 IR B 52 & ENVIRONMENT.

METHOD:

1 ¥ ENVIRONMENT ¥ environment I\ ENVIRONMENT:

2 Xt environment TINTE I FAF eventy, /E EDG THIEAE B cxy, X RLWIKB) ] edg, T A& K G eventy X
S P9 T R LA U0 A5 A 0 26 T st 1 5 4% 120 MR A 2 5 (1) V1 5 5 4kt th 0 eventy, IR B AR p(event,
event, ) KT O I A Fth 0 A A S0 S SLME 2R A M R 48 EVENT, K S50 event; N3
EVENT,; /" JLRE A0 100%;

T[] environment "1 £ AN B F 4 49 B A BEE B F -5 EVENT,EVENT,,...,EVENT,,;
XoF #4545 R R B R AT HE R MR A 3R (Q) VS BEME R KT o . I 5 B B R
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EF S A TFHAA T4 EARSLAF & 45

=

LS R R ARG B () IR 45 3R 385 e Hot % 4 & ENVIRONMENT=EVENT,xEVENT,x...xEVENT,,
22 BRFEEHK
0 Ml 45 7 SR K5 SO 7 7 SR R 5% 5 1860 1R 1 58 A 2 TRV 7 R T 56 3R DR bk, 1EAT 3 iR 45 I,
AU WA 0 R 5 SR EAT 43 A, 3 HH HOG TR AR SR U5 MR H iz B A0 e AR e 7 & B B A,
R IILW] T SR 10 IR 45 AT R R A2 X F P 75 SR IR IR 45 5 175 58 <A 1) DG 196 06 AR B AT 3R 7 ANl B AR S A 4
B ds 4w eh i FP-TREEMS s — 3 3¢ s SO FH k-l %5 FP-TREE, LA T i,
EX 7(FEH-IRE FP-TREE). ZifF-4s FP-TREE 23 & F A &A1 — A g b8 th— MR AL ik
RTINS T) o RSS90 s R — AN S T Sk e 4 i, Lo,
(1) AT Eh null;
(2) FHHFZIE AN =ICH event_node=(event_name,event_count,event_link), I
a)  event_name W T T 1 KON G AR IR
b)  event_count 10 B IE 1% UK T AR L
c) event link FIT B AR R AR AR R 00T — A S04 AU R ARAETE T — N1 8 0k
null;
(3) MRG-MTFAT pJe — A = Judl service node=(service name,service count,service link), L
a) service_name i3 RN RS H AR R
b)  service_count 3% B iE 1% AT B IKEL
c) service_link F T3 H A% b B AH ) IR 25 A% RN — AN RS s, AR AR TR T — A5 20,
A null;
(4) PEBELRBAAE I RSP RFFE M2 1AM X FE . RS AR RS R
Ff- k55 FP-TREE 2R B AL TR 48 FP-TREE X A 5 A1 A1 558 A7 O IBG ) IR 55 75 Sk dE A7 B I 4 A1
U i A R
Bk 3. Hifb-lds FP-TREE 2B,
Input: f55E PSR IBC A I 55 75 KA R, S BUE A
Output: ZH{F-Jlx % FP-TREE.
METHQOD:
1 AT K RASBISE S F RS FA ISR B 0 Fob IS0 4 SCRF BE ABRAT B 4 e AR Al
T PR SRR AT A A 45 B L
1 2 G- IR 55 FP-TREE [R5 51 roor, LA null 471
PR SR IR 5 SR RO R oP ARG 25 75 5K r K A4 L AT o A1 0, 98 5 K IR 55 8L 17 51 R
P B HE 5 )78 4 [p|P]. S b p 258 1 30, P 2 BRI insert_tree([p|P],root);
4 insert_tree([p|P],root) ) AT ILFE W1
a) W root 5 ¥ child i child name=p.name, W) child.count i 1;
b) AW AEIE root 1 — AT L& child,child. name=p,child.count=1,% % child 3|'E i1 75 & root;
TESNBE Ik R h AR B RN p AT I AR KRB p $5 5 R R # Ho A5 1 child,
c) WR PAES, IR insert_tree(P,child).
18— ARSI A IR 4 75 SR A B L DR 7 5 I 45 R i R4 B 6 AMEBEAE B, W SR
B 3.
MR 1,8 A HAUE LR A {esp:5,e11:4,e43:4,€20:3,€61:3} LI Fi41- /I 55 FP-TREE W18l 2 7.
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Table 1 List of service requirement

R1 RS HRE

Eide) R ah i SRR A I sk 4k
1 €11, €22, €31, €43, €52, €61, S1 €52, €11, €43, €22, €61, S1
2 e11, €1, €32, €42, €52, €64, 2 €52, €11, 52
3 €11, €22, €34, €41, €52, €62, 53 €52, €11, €22, 53
4 €11, €23, €36, €43, €52, €63, 54 €52, €11, €43, 54
5 €12, €24, €33, €43, €51, €61, 52 €43, €61, 52
6 €13, €22, €35, €43, €52, €61, 53 €52, €43, €22, €61, 53

®
a
&)

P RPN N W WS DG

Fig.2 Event-Service FP-TREE
K2 giff-ikss FP-TREE

ST RGREEN P 4R T A IR S IR B environment,;={eventyeventy,, ... event,, }, 30 i 1% IR 5% [ 4% 455 25
PR R F -k 45 FP-TREE, 1] LA 4R H M a7 IR 45 B 5% T H 7 o] B8 75 3K 19 IR 45 L 8 A JELARL 2 M40 3 44 - TR 5%
FP-TREE (14 % 10 Sk 2 rv 1) 451 ¢ F3E 6] TR 45 B4 353 11 4%/ 358 <At 00 A7 17 3 08 AR 5 AR k7 0 0 1) 45 SR A
HAF-Ik %5 FP-TREE R BIAH N K 43 3, 8 5 e vt 1% 55 ST A& IR 45 7715 i e LA B S A I 45 R 75 3K
AT REME p(environmenty,s) v 5 A=A

s

f%j;iti) ®)
Horp Ss) &% X T E WAy s 175 5 S B R flevent)) x4y SCHOR Ui W44 h event; IS R

i s A AT S U L i B2 (T

B4 RSHK

Input: IRZ5FREE environment={eventy,eventy,, ...,event,,,.}, -t % FP-TREE fp-tree;

Output: {55 58 1™ wl B K (MR 55 % &5 SERVICE.

METHOD:

1 #4ifk SERVICE;

2 4 environment "I BEFAT L IR fp-tree BN IS R (AN E B EAT IR HE Y pE BB I S
AR F BB E W5 N [plPL T p &% 1 1,P ZFRWLAHA find_service([p|P],
fp-tree.root);

3 find_service([p|P],root) AT L FE W R :

p(environment,,s) =
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=

a) W PAE=E H root H F & child 1§ child.name=p.name, W #% VA A H find_service(P,child),
b) W) fp-tree UL AL p AR F R HR B P AT IS5 Y RSN SERVICE, IR A X (3)TH
AT B
23 EHREZENE S
TR 45 K BRI 2R g0 i H 7 R0 BT AL IR 53R 858 environment,={eventy,,eventyy,... event,,, }, i 13 I 5%
PREE A3 15 0 H 7 mT RE AL T 18 Ik 45 R 058 S FEMBE 2, P 0T AN 1 BB (1) IR 45 IR B 10 AT IR 45 25 4K #R B0 % A IR 55 31 5%
TR TR IR S S SETT e AR 5 K B B 1 R &5 ATV R U S AL o 4, 1 d BRI o kAT HE T i 0L A5 2
I M RIS R R S5 L6 2 priorvity(s) IRV 5 BR A

priority(s) = Zp(environment[,s) x p(environment,) 4
=)

Mot p(environment;,s) /& F 77 ] G b F 10 45 AR 45 PR 385 R 1% iR 45 4 75 K 16 T B jp(environment;) J& 1% i 45 PR 55 1

TS RIE L R A W

%5 EIRSRIL.

Input: AR 558355 D) i 5% ENVIRONMENT H, 251 ik 45 75 SR8 R H P 200 IR 45 38 5% environment, SCF5 5
BRI A, Ml 55 A 55 M 2R 3 {1 0,

Output: 47T R4 A58~ H 7 ol BE 7 K W k4548 & SERVICE.

METHOD:
YUtk SERVICE;
T 1R IR 25 2R 8 7 AT 5 ENVIRONMENT H #4345 K44 EDG,
TE S B 2 M IR 5% 75 SR AR R FH SRR B IME AR 1E FA1- Ik %% FP-TREE fp-tree;
T 3 S AR IK B K 4R & EDG AN IR 45 A 55 M 2 13 1 ox 7 24 0T IR 25 B4 855 environment 347 i
S IREL 5 AT A5 B AT B ) R 85 PR B S & ENVIRONMENT:

5 M HE 4RSS FP-TREE fp-tree bX RS IBiI%E S ENVIRONMENT AT k%5 25 4k, 15 3

ENVIRONMENT " & IR 55 3R 55~ Fl P 75 Sk G i %5 52 & SERVICE;;
6 XA AT G W I A K () T B &N RS LS8 44, 4% A Se AT HE Y JR B HE 7 IS 1
gh I

24 BEBZENWT

E RS R IEE I BT RS 4 N AR IR 45 PR35 7 S0 ad SRty i R 0 3 4 4 iR A
R 45 75 S B R0 S0 R BE B AG 3 FE - R 25 FP-TREE; SR J5 AR 45 24 17 i 45 S1 B AN 200 0k )y P 45 45 33047 IR 45 R B8 0
BT A3 B 0] RE RO IR S RIS & e Ja AR B IR 45 R 58 4 M 1) &5 SR AN - R %5 FP-TREE, T 4 F #k 5 A 9%,

R 55 P55 7 e i sk ENVIRONMENT _H W WSS BRI 2R o MG EE BIN-F sk i 5H
e X BC IR T r NS T K, 0 F 49K 3 B AR TR I R ST AR B A O(exe); S~k % FP-TREE [12E A%
BRI [R5 22 B A O(r); IR 55 BR B 43 A7 (1 6T () 5 2% B 52 MR 26 130 {1 05% W, >4 =1 I5F, B 855 23 A 16 [) 522 2% B B A /)
5 O(c), 24 6=0 I, FRIE 53 A7 N 8] 52 2% S WU R ABL O(exe); IR 55 25 44 45 65 1R I 1) 52 2% 5 15 I 45 313955 20 B e 15 L
M 55 RN B 26, 2 0=1 B BRI5E 4 07 73 HE 0 IR 45 RS AN B0 /M. 1,24 620 B IR 888 43 7 43 1 109 I 45 34 455
B I KA 7, %20 5t A TRV AL BE 40 5 K O(e) R O(exr). 4 LT, 32 8l AR 4% B0 P 1 1) 42 2% 5 5%
W BE s, R /ME N O(exe)+O0(r)+0(c)+0(c)=0(cxe+r+2c), o dgt KAE A O(cxe)+0(r)+O(cxe)+0(cxr)=
O(2cxe+r+exr).

w0 N e
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3 EBInH

31 EHIER

A SCUANLI IR 551 Ay 22490 1R 55 sl SR 2 AE L 75 B IR e VAR e b, an 0 R L T2 2k, BLEE,
e T A N B 2 R R4S, B MU TRD ) B 0 7 v 5 ol T 7 B T 0 AT i 7 R B 250, O 7 1R L, B
T AR B XA, I HAR AT B8 EAEHL I A5 4 — BON ) 721X B [A) Ay Bl & ] B il Bt 4 ). Rk
B AR SS B A, 2 e 5 L vE T I LS A, A T A IS, ) B8 H T A N 8] T B R AR AL, R 05 5 B AH R ) 2 TR
%5 S MR IS,

H AT, bk i 25 1 S 07 R B ) /oy KT ML E B Ao R ECE )T R 9k
PRy T IR R R Ay A Bk AR BB T IR AN 0T BRI SR TR SR 2k B AH A B A A ),
X WL 47 B4 58 BTN UL A AN 2 7 1) e 2 345 By L 43l g — T i X A 7 2R =2 I AR X P 3R 1 T P A 6 A LA
=271

BT ISR AN 1) FE B IR S5 RG] LA BN 32 71 JL IR 25 5t AL 4% mT sl 0 28 A1 ek 28 i H P L G
LA B AR By B 3 ) MY H 2R 48 P SRk e 2 IR AH 5045 5, W8 A DG A5 15481 2, T AR A 22 i I T A 3R 25 A
TE (RS B IV 452 502 38 7% 14 1 80 4% B [ MR 0 20 2 24 iy A7 22 AP B 5 AL I 5% T 250 2 5 A I Al PR A LA B, DA A
e H T MR FRRASSE A ORGP AFIE R IR SS « EBEE B IR SCAS B 1 W% 2.

Table 2 List of service, context information and context events in airport service

R2 WIS PRIMSS TS RS

0% TG B
oA PRI B R’ RE Wl S EIRE SRR
IR LT SR WHKT F ML (¢<15min) L 1 iRz

LRTPETR e RI1K % HL(15m<2<30m) B i BRI
B LR b 7 H1.(30m<r<1h) CLp SR T4 Gk
U AT AL 1 4545 (Lh<t<2h) KA ERAF T8
oI HE 2 ML IE 2 PR (2h<1)
YR fEHLT 1
AR HEAT TEHLT 2

[k

s

AKX

BT

WA 2 P 305 B S S B R i B0k 1l A B A R R I sh I Lo A B A R - i
IR B E &l 3 .
KT

gL

EiE2

BHLT1 —29 FHLIT2

RARX [i27] BE 2T
Fig.3 Event driven graph for context-location
K3 IS S E S
32 RWIERFAE
AL SQL Server 2005 A Ay 15 158 <A MR 55 7 K A7 At e 12 30 el A7 it el R s BB AR 833k 0 0 W 8
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