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Abstract  The sharing and integration of multiple stream data derived from different Sensor
Networks significant for the innovation of business and industry. The current Sensor Networks
are generally domain-specific and task-oriented, tailored for particular applications with little
possibility of sharing and reusing sensor data for different applications. The servitization of stream
sensor data is an effective solution for sharing and reusing sensor data resources. Considering the
limitations of existing methods on processing large-scale stream data and concurrent requests,
this paper proposes to encapsulate Stream Data as a Service (SDaaS) , which process sensor stream
data with service modeling operations and distribute data on-demand based on Pub/Sub mechanism.
Then this paper fulfills the encapsulation by utilizing event-driven mechanism for stream data
service processing, using Spark Streaming framework to process sensor events, and improving

traditional matching-tree algorithm to distribute stream data efficiently. Finally, we evaluate our
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approach through experiments, and the stream data service can handle multiple requests and

deliver data to corresponding applications in milliseconds level.
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IRB67812] | IB34ALZ  IHBIC235)

L1126.448, 1| V151441, V132,418,
T inteGPS
108:32:21 | | 108:31:34 | 308:30:5/1 3
B4 A RIGPSHE
il & e EVE/ RS PN
&l 3 A 8% i e M 55 Ak 2 S 4]
3.3. 1 ks M 55 48 O R Flow s F - G 8 G {cid, flow, time} Fl

Hiz 55 A0 7 25 3 2ok 7 MR 55 AR b ) A O v W o KL
It e 55 1) 7 2o S 2 0 P A S B

Ji Gy 1) A TR T B B B R K A (%
AR a) L, IR 55 6] 2 5 AT DA 0 A A A% R AR A
AR Al 5 SR T A N Y Ak B 32 A o R A Sl —
AR H5CHI AL« O AR A0 i o = TR A 2 R 5 G [R]
I R 55 B AT DL e ok 13 e A 55 Y I AR Hie
S R B IR 45 . ANPR 088 (940 45 % 7] DL
J bR ) ANPR B0 7 17 5 B 48 Ccoune) 4 % 4
N B TrafficFlow . €1 7 i % 3% IR %5 gen-
TrafficFlow. J v, ANPR %4t i) — 2% B4 1 %
A LLE RN d, = {CAM3913, 5t K36452,2015-04-
01 08:30:56 ), H™ A= iy = 1 A A J& M 4 { cid » vid
time} Rl 3 4 25 W constraints = {{cid = *),
(vid=x»), (time >>2010/01/01 00;00;00)}, F R~
ANPR 4% (1 5 8] 3 [l 2 2010 4F DL J5. Traffic-

HMHL R constraints = {{cid = %), {flow>0),
(time=>2010/01/01 00:00:00) } , F /R 7 i Ht & 20
KT 0, W (8] 78 Fl 72 2010 4ELAJS. #H HE 8T ANPR
Bt 2 i RO S B O (R S SR g5 A i
A DAY BEAS 7] 3R U5 1 GPS B AE S T 16 1% 8% 0 B
P X H R AT R A (merge) A0, 5 0l — N o g 4
1 GPS B4 it » B 2t it B dls Ik 5 inteGPS. 5 ik 1Y
GPS %udls Can &l 1 Frzn) Fe 4 5 1) GPS $odis A
HA ] 6 J M 56 & AV AT 29 constraints = { (oid =
%), (115.25 << longitude < 117.30 ), {39.26 <
latitude<41.03) ,{speed>0), {time>>2010/01/01
00:00:00) ), 378 GPS FF 1 Ja VA » i B B 7E
et AR T 0 I [ 72 2010 4F A .

— A BT L IR 55 B R T A AR L
R L VIO U B PR AT B AR 2% A H A A P B
B AA ST AE AT BA A HoAth AR i SE B X ANPR
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B B S22 B B ANPR Eodls e 4 o — 4> 60 & B
BE 42 2005 2 A U R A . 0 T A AR B L S I BE AR A
PR S EA 0 (EE X

TE T B AR 55 A0 g ok A s X DA 14 £ R K
T 0 4k 3 R R B T R B Sl A AN S R B
A7 fit AL A o DR I 5B IR 55 T 3 AR i ) a2
eSS N TN~ S TRV 4 € LB 2 S = i 4 €
55 X D 2 U AR Y Ak B AT R T R P R e 4
R W A2 0 AR A0 S e Ak 3 Y SR
3.3.2 TR A A AR

G ER E IO RO E e k& &k ' ]
e 175 2K 19 77 SR B SRS a . SR O B AT
e 35 SR A 5 AR 55 it A S R 2 TR a1 B A ]
PLARAS I 5 10 50 1 0 75 B A % 171 A O 25 90 T
55 B0 B AT Ak B RS A9 15 8GR BUdE

T X i A0 I 55 T 7 A B4R AN W 1 = 4 L
LA R A 3T 8 3 oK it B8 I 55 5 2 — Aok R
H—— B SR 5k . 10 DT PR B 5 2 Fi R A DT
TC A BT AT ST B 37 5K 5 8 S e 2 A E ST TR 3 SR . A
P 3 A s B8 T 2 AR R OEE E R Y
GPS Zf%uH , B Je 48 2 0 86 Ik 55 inteGPS J115
BT e 1 3R T 2 A 1 A 55 29 oL B ke 55 s =
WIS 2] constraints = {{vid = % ), (115.25<C
longitude<117.30), (39. 26 <latitude<41.03),
(speed™>0),{time>>2010/01/01 00:00:00) }. /i
I 55 2 R B0 3 % 2 1) I 80 I 55 5 S8 T B oK 5
I 554 i B4y 4 38 o8 HL 7 A i B> F R R AR
JO7 BT T 5 SR L 91 A < AR KR T 2 4R 5 1T I
R ry = {{longitude, >, 130), {latitude, >, 32),
(speed, <, 50>} FN r; = {{longitude, >, 130,
{latitude,™ ,34), {speed, > ,55)} K Vi, X} F IR 55
inteGPS 7= ' W) FH A e, = {(vid, 5 A57C23),
(longitude, 134. 2>, (latitude, 36.41 ), {speed,
56.0)) Fl e, = {(vid, Ft B34A12), {(longitude,
151. 4>, (latitude,34.06), {speed.35.0)} Vi,
1 e UL IER] ry s FAF e UL LR 7,

1o R0 S D T AR 3 s R I KRB 31 2 A RE A 5L
P R BT 5 Al ) O B R — . — ) B 1% S DS
T K S 5 A T B A oK 43 R AT Bk X
Tl 77 ¥ H FRCET I T) 2 B T D) 8 3K A8 185 o i 2k 47
KA G T 2 i B R I & 2 0 s SR 5%
T B R R B2 B 2 RTT B A SR A 45 1 1
Z A AT REAFAE R R A S B & R AR A TP
3 B BT A 2 RN T 1T B 1 5K Z 8] By 06 2R L Ok

IR R VE C A £ B o DA e o R DT C A %038, AN 3T B
3K o B st ]9 18 98] (Longitude™130) {5 B
VCC— U, A & K R B I I (latitude > 32 &
latitude™34) , T£ 1F ( eoc (latitude >>32) — lecc
(latitude > 34)) \ (e cc (latitude >> 34) —> e oC
(latitude>>32)).

TE = 1) B 0 9% 3 26 B AT AR R = Rl A%
A AR KO B RN 32 gl i 4 Uy XL H P AR i A
AE T W sh PR A 2 T L S8R IRk 55 1 48
W7 LB RO Bl i B O 2Us T g i
YR A AR 2 32 L T i % 7 i 1) R 5% A
Iyt 4 N7 R < R T 2 S — K
1e i K54 IR 55 4 52 1T B 3 oK I B8 i 95 TR %K i
ez BXEAFE VT B SR 09 RS Y K 3k 4 B
e T3 i B AR A U S R B I g
AL T A 1o AR IR 5 R 5 B IO LT B 3 OK 5
B AERES 1T B8 R I B0 Ik 55 3 3l ) AR Y £
I 2 o A 3 e T Rk B

A EC BT 5 32 gl e % J7 2O O YRR B
e L R 2 0 O T A 1T B SR A T A 4
— AN L AR IR 55 SR R AT B T SR B H 32 F)
RGEA B BRI . 3 Bl ey sUAS 2 Hh 9 e e
JEIR B LA K% R B i 1 B0, SR T il B A
AT FEANEE TR R R R B g L th TR
SCH B H SR RO U KA B S s P
BRA T T R EE LRI R EVT R
FEATHE S & A [ 7 2 38 1 9 e R T 1 A% I
I 19 1% Hay 7 X

4 SDaaS 3£

4.1 RMEFEMEIRE

A SCYH SR HRAE S T AL 3 A XA
MR IR ) e R TR E O RER F
DA BEE X 22 95 ik B i il G B A M AT SE b g
Xof 2 A ) A TR i 5 A0 VR P IO A A R B
e BRVEE T L) o — > 8 £ > Spark Streaming
J5 % K] Spark Streaming JFATHER LB & 1 &
7N T ERCHE R 55 1 A A AR A BRL - B HL R I 1 B 43
Spark Streaming J5 5.

(D e 57

1b vk kg R AT DU AT S A DG AR A
. g A el AR

filter(a,ro,v),
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1 MHERSORELTF R Spark Streaming 7735 FHF TR N
2 ) [ Spark Streaming J5 ¥ maxCaswlL,sl),
N Siterfn(a:7000) SErf 0 b A BT 8 00 ol 2 10K
o project map( fun(A,V,M)) T o o 2y i
sort window(wL ,sI). sortByKey(o, [ numTasks ) /J\ 38 %%Zr\‘ T H EI/‘J {%ij E .
gy CsgTesator reduceByWindow( fun() swL,sI) incrAggregator = { incrSum , incrCount , incrMin,
> Ao reduceByWindow( fun() swL,sI) . o BRI o EX -, ok 42
BT incrAggregator reduceByKeyCsum fun()) incrMax 91,7IL7’A7)(£, }ﬁ@iaﬁm%%?m’ﬁz ’ ﬂ UXT&
Tra—— o) CHY PR SR 17 B LB LU K R
By join join(s'y [numTasks])

Hoa BEMEIAEHEE e (<. > =,
== e KRB o AR R PEE. Z0d i g
A T A P A I 5 D 4 U 0 a R B A A (R
IERER S

PR B BRAE AT LLTE £ A TR B i TR

e S A W S5 35T A 8 O T LR OR
project(A, A" M,V)
Hor s A S D JEBR B th s R B PR A AT
IR ERBEES M= {(a,.a1)+(asa’) . (a;s
ap) )RR R A B E RV = {(al v ) 1E
A TR G TR A A DL AN Y e A e
HE L A8 BN PR AH. 22 3 5050 48 A 8 e r 15 21 B 3
Bl AR E S A
HEFF . HE R A 7T LI 48 € 73 1A Y S50 i IR
O & PR AT R . AT AR IR A
sort(aso,swl,sI)
Horbca HEIAF IS E M 0 € {ascesdesc)
PSR A5 % HE P 1 057 2R B P i B THF s wl RoR i
HR/Ns sl Ron i R shiE . g He e B 7 5%
0 BT 45 21 Y 0 B 5 I A U RO B A A T R e
5.

5 PR MO AR AR A R ) HE P B R T
BELZE UHR AR 0 T 2R B G0 SR A ST R R R 2
TR SCHY. 7 B A 05 BN 18 € wL FsT 2%
SR A5 S HVE ) It 54 i A R R R A AL A S
JIF A5 9 Sl 2 S B T e A i s e

) RERT

BBV E R R e /IME L o REL R K
B R 5 HE R R A A R] L SRR AR AT o s T B 2
AEAE W EARE wL Kes] ZHRGEW IR EH 1 wL
PRI 0 SCHE 10 S T AT B AR AR SO S B S SR A A
aggregator M incrAggregator . o ;

aggregator=— {sum,count ,min,max ,angXXff
N RO PR AT B A L A U R R i LR
R RS E— iR a5 R, Dl RE AR
) e KA ERAE AU 1 73 PN 48 2 R P (R A R Y

B TR N E R E R R E S B
U A S AR L A e P (B Y S L T R
RN
incrMax(aswlL,sD) ,

Hoba A AFFIT S MBI wl R e 1R
AN s sT RNt H A Bl BE 2.

2o B T 4 O A 3 A U s 5 R IR
s A MFE R EIEES .

(3) il F #R AT

Uit B i 55 T AR il 4V X e A B 2 4%
SR BN R AT R S A Y D R

& IF. B I B R AR T A R 44 Y U B s S O
N — A R Al LR

merge(S’),

o, ST = A B SR G R BN P R Y A R
AAHFE A B YEEE & . gad & 05 7 B 4 i 45 2 B IR
Bods 55 D R B A A R Y e PR G

AR VAR T LUK P A R [R]— X R s A
A AR [5) Ja e 1 A R R A i e Sy — A B L T LR
RN

join(S sa,wL,sI),

Horpr . S5 506G B il A R — A3 Rl oA AR
) B JB I @ swl Fe7n B 11 R/ s sT 3R 6 1 1 3
BB, PR VERR B XS B 1T PN I R A D Bk B B e AR
8 S R AT R R R 5 B R B A A [ e M 1R
AR <Fe R AT 3 e 0 D T R A T B B A 3 £ 3
T E R EMEES N {aan,
a, b s B {aysay s ya, ) fla say o
B B rEES .

H Rl A flA R VE 2 o Zon A i EE IR 45 AT
PLIE i 221> T 2 1) R G R A L S IR 22 0 B0 a1y
[CISE
4.2 EHITHRS

AT B S D T R AR S K 1T B i SR 4 21
8 B RCIE 25 0 L X R AT 3k Dy 5 DT A5 2 5 SR A
DEPC Y TT B3 K. SCHRL20-21, 46 1 rp f FH AR IR 5 44
KX VT 7 oK AR A AT TUAL B, 3 fim =47 Y T TE 2

"am} U {a19a2a"'9

sa, IR IR A
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B T R A PR A VT FC R . A S T O Y DR T
B e RIS = A DS E 1 3T B 38 5K, I SE 3T D T
BB FEAT A TR TIE.
4.2.1 DERCA Y ECE 45 4
VC LR 5 3 A 2 B A 45 A AR T L
ROV TR A o AR S TR AT AR R
AR — VT B I K 5 I TR S T B O R
1) — 1~ 1.
EX 8. ULEH. —NUCER T ] DLy AR Y
HAMZADR G SR KR
T=<t_r,{PL}),
Forpoe_r R RN B AR T A T B I SR AR
RO RG4S PL R 238 b A [ 38 18] 55 55 2Z 6]
AR s 40 & 3¢ &, PL W%k H 55 DT JE B B %6 17
R A T A0, 5 1) s B E A K.
VERCR B DL M
(1) %5 5 A e, X T D8 FC A Hb (9 41 2598 18] 5 4
n ALY e ocnp B iRl o (Y FTA F 95 8 N IEXT T
T 0 € NLIGAIE e Sn  pAIILELE R
(2) 4558 FAF e BT LA ) BT A i 15 5 R
N.N'©N Bl e XF U8 LA 388 D 56 30F B B 1 [1) 51
T M35 5 W R=nyr Unpr U Unprani €
NN ATk g T A 5 B AR DE RE 37 B9 35 5K 5
) X FAERMATRIEKR ri=pauApo N Npa,
M7 =i Npje N Npju s 2bis Nbio Ao Npy Fp i A
DPie N Npye R ry Ml r, I RTZRIB 10, Jop 1<k <<
min(n,m) , MR Cp;y = p; VNP = ps )N A py =
D) 2 v K Y HT B ANV 1) A] RLAE DG R | 3
FH kAT R 19 A
(D) X TAL R IE R 9 52 n € PL A] IR Pin p
1) 55 11k 235 SR 25 BB 4318 1) 45 a5 € PL 93K 1A
U GE
T AT 38 3 A A7 Y DG AR S 451 >F 15 W D ]
B B PE ST
BN AR GNAEAE 3 D TTBITE K roory B 7y
ri-pr N pss
ro= p1 N\ Py
ri— P2 N\ Py
o F o A S AR R AIE R o5 B s A2 5 M [A) 1Y
W po s W ps M p FTE—TDHEET KR p:<pi X
3 AT B K 48 VT BC AR G 18] 4 R
TER A H X T FHAF e AULE e oc py I A 77 B0t
TR o F ps HEAT VT IR RS UE (PE BT 1)L X T 3T B i
Ko KU B AR BB S pe o R TITH

index, E i
AN
N
AN
N

AN
\

index,
\
\

\
\
\
AN

P4 — A DE A 52 1

WK r=p1 A\ po. B FHAF e X DT ECAR SEAT 30 D7 55 UE
B U7 0] 2 ) BT A i A B 5 R e AR DT Y
VIBE K (HEJBT 20, 3T B K o A, B[R] 40 A 3 1)
P EATAE VL FC AR o 3 F [] — A9 38) 35 5 (PR BT 3).

e GE VT FE RS AE A W] T el 37 2K 5 A A (7] 9 117 28
T ) o A 8 S S 05 ) Y A, T 1 TR A 09 I 56
FOWE 4 ITREAE R A e AT RIS R s
e T Ie 3 AT TR — A~ 1 3 79 A

N T 0D 8 1) ) 3 UE R FRATTAE L T
Rl T T 2 A3 51 45 0 ok 2R 18 1R Y S 1 R 2
B8] ¢ 28 . % DL BC A AT A0 AL, sl 4 & AR 5|
ghE ey Horp X TR GG index, U, N1 ) T
S VC L 25 A [\, % TR 51 454 index, K Ui, B
T pspi I (e ocp—>e ccpy) N\ (e oCps—e Cp,)
CHERR 4.
4.2.2  DCRCHa gt

MR 5 AR SOK A BT B SR i B — A
fAl A R 5 R R K ey X FIT TG K ok
W, e ocey)—> (e oCr). XE AL ] — A Tt B iR 55
Z L BIT R SR BT W BT kARG AT DL B
Ry — UG BC AR . DT RC AR R ) 2L BT LA Ay R e (1) )
AL VT FEARE K2 (2 ARV 1m] DT AR Hh 38 m 5 19 2%

TE 1] VE R S BT (0 S F R B A€ 2 A
MIVC LR T 3Rk o) X AR BRI p, €
iy E23 T T v BT I 1) YT AT RE SR BT A AT R
PR R R XM T N E R H A T8 R, 3
TR A 0] 4R & i BROL I i S0 g 1t 24 PR AL G R s 53
FRBRIEN 2R RG] A ARG FH A
A 5 0 1k i BEOAS [6) 19 O R iz B AT T 1 19 47
% PL.

WS FroR X T4 8 A 8 KN K R 1Y iz JAF
i1 FE PL rh 4% BOE W 0 & 56 R AT HER , B
XV piap, € PLj<j—p:<p;. X} TiX—K PL.GE
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Hl

2 e 2017 4

15435 (eoc p,—>ecc{p,}) V (Peccp,—>tecc{pi}).
Horp p, WHEAE p )5 1 AT p R HERE p o T T A I
il X F AR FOR M L RSB % PL SR E 2
—A~ Hash &, % F M 5512 B A1 PL A 141 17 >k
b fEAE eccp,— teoc{p;}  Hir, p, HBR p, ZHMHY
T 6 F A SIS B PLOR UL fE7E feoc p—>
eoc{p} H, p, HER p: Z A TE 1.

[ me ] EEA
4{ — }—»‘ Hash Table ‘
—»‘ = }—V‘ Hash Table ‘

N o

R S T [ At I
N T ¥ P e

K5 &M «iiEiE 2 RRTI 4l

I, X FFEA e=1{<a,,v,){azssv) s+ {ap»
v PR BB o # T LUE L — 2R E T
aih Rk FRARE LR B E ERRNE B 8 R X
TE e 1T I 2K T8 B DC O AR AT DL — S AR T
R Som A2 G F G| A5 L.

E DT BCAR rbr o T SR B8 8 g 2 i T S 9R R A9
AR 2, IFAR 95 ME 25 K X1 TRl HE T AT DA oA [
Fetp ik AAL S0 ) R g AR AR L ST
VA A A AR O AT HE Y A R A b i A
LV 1) B MR 3 2 B 1T D 3 SR A s T ek g
{87 Ak B D, o A S 1 9 ) Y A B HE S B X
fEE MRS

c={a,,10,01) Nay 70,00 N\ == Nay-r0,v,).

HAHEMEME(a ars - a  FETE ar<a, <+
<ay.

K6 s T — Ak )5 B VT BCAR . H T DT AR
Xof S 4 S JE P DS RO A A — A AR

I %\T ¥

o o o0 o o O O O
K6 Al A VE TC AR 7

UL 4 D29 5| 454, ) Bk W . B h IE A
FT A 8 28 5 | 45 48 A 1] v I L7 DG JSC R A AR Y
FE—m SR B TR RN @ <a; a—
7E HBAE a; Z A
B BT AT B 26 478 22 1 UG 45y C AR #) PR AR 2
Bk 1R,
Bkl DLRCRAIE L.
A RSB AES C
ik s BT IR T
12 create_Tree(C)
INIT T;
FOR EACH ¢ in C
addConInTree(T, ¢);
RETURN T;
T addConToTree(T, ¢)

=~ w N =

q is the number of predicates in c;

p; is the -th predicate in c;

© [e2) ~J [=2] l

n<T.root; i<1;

. IF n has no child THEN flag<-FALSE;

11. ELSE IF

12.  flag<-TRUE;

13. WHILE flag and i<<q DO

14.  FOR EACH child node m of n

15. IF m.value= = p,

16. THEN n<-m; i<i+1; BREAK;

17.

18.

19.

20.

21.

22.

23.

24,

25. new node n'<c; n.addChild(n");

B DT FCAR I T ) IR AL D R (T 2)
SR 6] DE AR R AR U S g B 26 P R 3A X (7 3, 4D,
A5 o 4 2k 2 L JRATTE S BT SR A 4 DC P B Y
HRAY R A S AR T (A7 100 2R A & AR ]
T DR 2 2 3k A0 S 8 1R B IR T 1R Y
AR BN h (FT 19 ~24). IR S A T
T F BT IR B T R P 5 Y 2% 1R 2 kSR i
S ) AL B G 8 (BT 12~ 18). SR 1) AR H AR
PN N3k K AR IR IR (A7 19~ 24)  FE B INIE
S A AR ) T 1 S e R
PR EIE A B 1951 91 % PL. 45 3L A S PL
(13 22). B AERS b — U ik

IF there are no child of n equal with p,
THEN flag<FALSE;
IF flag——FALSE
WHILE i<<¢q DO
new node n'<p;;
find PL for " and insert n’;

n.addChild(»") ;

’
n<mn ;
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-5 8 (7 25).

FE A D BC AR B R A DG PC A Al A — B
T RN A BT MUY SR R R T 45 iR
WEEME GBS B m, & EZX 2 AR RSB
BT HE VT AR . i B AR 38 4 A s X P A 5 /Y 15 1)
B 2m B B Z LR E R 2n. EAF A L
T R AE A SR A AT 1 2440 1 A 1 1R
55 FABIE R SFE A DT ECAR 11 61l i 8] 52 2% BE Ol 2mn.
EIRMEOLT B A A — I S RS
[F) J22 Y HR HCA 79 i AT B IS 1 I ) 52 2% BB Ry
20X (nt Gm—1) X ). A UE PR AR 1) F- 32 1 [R] 52 2%
B OGmn®).

2% () S 2% 07 T o A A5 A 3k A 4 A 2
AR 21 A g TR AT A R
AR I S SR R AR 1 A2 715 B BT LA & ) &2 %
Bl OGmn).

VR FC R B A S 12 SRR T I8 9 5K R 2l 25 1 .
W T B A SR B Ok I AT X AT R e,
SR G RHAH L B 2% 0 33k 0 Ak 1 b iy i R
addConToTree B A]. 24 M BR 1T Ba] 2% 4 i, AT LASE i
Xof D AR 14 Jay 0 19 R AT MY B3 T) I %ok A Rz Y R 5
SERREAT R
4.2.3  DCRECH IEAT AL SR

Xof AT AE HE B A AR Y 1 T B R T
S B0 R R L P R A TR B4R 4 B s e A A
D P58 XoF = A R A7 DG 5 P, FRATT AT A DT 5 AR )
N T RIFEX HAT IR AT AL . G 6 v It
[ CIRYS U F s S I N

H & 7 AT LLE B DG AR AT LA A ]2 I
ERREDS 4 B SR N il R o S i a0 UMY R G R DR A
TR A H K H A Y 1 1) % H RS AR TR D T AR
K03 BT RECH 2 32 B8 2 SUBCH BRI, ik
B 25 1 IR T DS TC AN 58 TE Y IR AT BEL T HLE S R A
0T 1) K H 2 B R A AR O PR AT R LA
ot U U A R PSR A R L VSN
[7i) B 73 B v BB AL — A 1L IR AT B X RS 2 Bk
Hh ) R AT R

Y gk 3 B Bod E EE BN T
B o TEXF A AT R 3 I R S ORI 43 B 1 4
PE. DR HOAS S IR 7 R B 2 10 9 ) 8 H o G AT &)
g3 R EEORE [F] — 23 e b 7 W6, 20 ) S Bk H A
AT AR SORE DT IE AR 14 3 o 2 f5 Sy i R ) 2R 03l i [)
RS DL AT R A 52 S 9 S T X D R A R 4
e A E X.

t-root t-root L-root

!
AN NN
f’%@\

O o O O O
(a) RAEEE T4 At A7 4

t-root t-root t-root

n

(b) HRHEHE2 27717 AT R )
B 7 DCECR AT 3 il

EX 9. DEECH BRI g, h e IBeH T,
LUK Ry R RS T - B H S kT
IR H Y U A ) o> R sp 2 — D B R B
sp(T k) ={T, T, s+ Ty} , ET L :

(DT=U,-1..T:s

OOTNT, =T, i,j=1kNij;

@min( S ATI—IT,1). T & T Fif

T E i T S B H .

R S ) 780 A A — B L ik
AT AR T 4L 1 0 R 22 R /NS 2 A
I — A (3,1,1,2,2, 1 A] DLy O A %Al
Li={3,1, 1} L,={2,2,1}, B AR X WA~ % 4l il
JESE L9 Y P A K.

FEAS SO, FRATT S e B R 8 0 IF A7 B A T S Y
e A 2 0 ) T 0 B K DT A R G S 2 A1
B ¥R & T 1) 8 B TR i — B o
ASFR A S R E T B H A TR P — 0T
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Hl

AL
-

i 2017 4F

H.OWNE 7 R B VSR A IR AT R CE O 2, R R
S — 2T R AR E R DR ECR R 2o 3 AR X s
TR 5 R 8 H AT DL LR (12,4, 7). 3%
BCA R DA A 40 L= {12} F L, ={4,7}.

R 43 ) BB S — A~ NP Y[R . A SR T
SCHRLA8 45 A I 1) B 2% B O O Cen® ) B S5 i 5
IEIEAAT AL B4 0 R B, 8 3 K B 4L e
R REAT R 745 B — S WA . B E 5 A B A o Y AT
REMH D0 B /N8 ML I TA B R B 5502 30 73 14
A DLy Her ML LG 12 e Bl my i @ A4
TCR IS Ao By TS . DL LG I RIE & T
ES U iNE AT SIS R-N DReE EEDSEIRYRUE = 5'e
HRL A8 J. 1 FH DT AR Y R 2 5 AT 0f DG AR A7
AR FEAT 3 s 56 . DG ISC B I A7 4k 36 ik 8 Dh A o 53
%2 Fios

ik 2. DLECHOIFATIREIES .

A VCECHE T, F A e, AT EE £

it : PSR I SRRk Uk & C
T match(T,e)
T<T. childTree;
PT<sp(T.k);

FOR EACH T; in PT

exec sub_match (T;,e) in parallel;
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typical stream data. It is very valuable to share and fuse such
stream data form multiple sources for further analysis and

innovation. However, most of the current sensor networks
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are domain specific or task-oriented, which merely available
for the third-party organizations.

There are mainly two challenges to share and reuse the
stream data in real-time continuously. Firstly, to transfer a
volume stream data over Internet is quite expensive. And
secondly, it is impractical to provide to provide the raw
stream data directly to users. To solve the above problem, a
lot of efforts propose to encapsulate the stream data as a
service or provide a community-oriented platform for sharing
and managing stream data. However, these works either
consider no user’s demand, or need to provide different
interfaces for multiple users.

Towards a better solution, we propose to encapsulate
the stream data into service, which focuses on in-depth data

processing and on-demand data distributions. Our contributions

are mainly two-folded:

(1) we propose a stream data service model to encapsu-
late stream data, which provides in-depth data processing by
defining transform and fusion operations on stream data, and
distributes stream data based on Pub/Sub system.

(2) we realize the transform and fusion operations based
on Spark Streaming, and realize event matching for stream
data distribution by an improved matching tree algorithm.
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