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Abstract By combining multiple packets in a single broadcast transmission, network coding can greatly improve the ca-
pacity of multi-hop wireless networks. This paper proposed a diffserv-based network coding protocol (DBNC) for hetero-
geneous wireless sensor networks, The main idea is to compute periodically the mean and standard deviation of resi-dual
energy of nodes, together with a dynamic node classification. On this basis, the QoS requirements are mapped to network
coding metrics. For this purpose, we introduced an energy-aware forwarding mechanism for coded-packet. Meanwhile, a
multi-priority packet scheduling strategy was designed to increase the opportunities for coding. Qur simulation results

demonstrate that DBNC achieves a significant improvement in energy efficiency, as well as in reliability of data transmis-
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sion,

Keywords Heterogeneous wireless sensor networks, Wireless network coding, DiffServ, Energy-aware

1 Bl

TR AL BRI — B IAR, 2 B B3 5E S5 i
B ENER RS A HMNE W, ERIE T REETTEY
BIBEH R — PR RSN . BSR4 (heteroge-
neous sensor networks) J&3§ i B R A R AR G B 17 A
BAREE, SR, ER R WIREREBFEER.
— T, ERA T A NER LM EMNH AR T AEEHE
EEMER ;5 —J7 T » 8 BRI K X ISR H T A S RE AL
BHHFEEALE Y AATRYSHERLERY . TEk,
RARFFHEZREMERBERZEADNZBLEME S, &

FIRE . 2012-01-20 EE B . 2012-04-23

EBMEAEH BRI A fEREM

TR MR R BERROBIIEMAZ L, 2000
4£ Ahlswede 55— K R AR HH T A& SIS H 2R, B M
KPR EABEULEA R A I eE, TR Al mxf
3k 8 RFE B BRI REEA S AR, N E
BB ERRBNEFL R, £ 18 MNERBHFES,
RFMEM TR Katti % AR H# COPE B, HT/ER
HAE 1B, WA X BERREA P, ZRAVAY, WA
ABEHEBOP, KB E B, FRESTE, FEY A
O BIs R BB P, 71 P, , B ERABEE 4 KEH: &
81/ COPE $hi3, 1 & O RIS P, M P, Jo it Bk

AXTEFH ARSI E (60673185,61073197), T H 4 B KA 2 H 47 5 (BK2010

548) , VLI A RHE L HTHRI (Tl I B (BE2011186) , L3748 % 8 WA B 45 A LB B T3R5 B (CXLX11_0262) , B Rl k2 BSR4 FH H A

B RE AL I IR (KFKT2010808) ¥ 8 .

W (1988—) , 4L, M-+ A, FEBIF I 1 TR B 4RS . TR L F AR5 R AR R 45 , E-mail; xx. miaojingwen@163. com; Bl S (1979—), %,
Wi, YR, BEBST 10 DR WA IG BREHEA61—), B, 181, #1845 205, CCF BR AR , TEPH M B3 BBk M . TL 145K
AP BERR R AP P R MBI TTIEN . BN RS RES:E F(1980—), 8, +4,CCF &R, TEMFE LR

W28 4hiB5 B B LK ) | TRk A% s R 25 45

029.



Y6, BRREE P @ P, RIFHAT] WA Y HBIRBE
JE AT REBIRIE P, ©(P, @ P 3RHEA P, R BiL
Bl AT REERE Py ©(P, @ P, BEISIER P,

e bR R 3 G5
X Ri X e
{ Py Py Py Ao ()
a0 A S ¢
Oy t a ‘
L . - l‘ P (\) v ;
e N Ple -
4By Py . & F b A
§ T ()t ek NG
B A
(a) &5tk (b) COPE HpiY

EH1 f&grks COPE MU

BATEBR PRI, BA KT MERHILE KL
BHEEZEY SERNRAAA, A5 RBRD RSB AR
RS, XX — R, AR W — i K
IR MR T X AMIR 45 B9 R 8 SRS 1 DBNC, B
PR R st 51 Tk RE R IR I RIS o 22, ST 39 S AT 30
AR TEMER L K R 95 B TR B B P 4 45 B il
o —J5 . 5 ABERBAMA ISR KL, LIRS R R A
SEVEER; 5 —Jr |, Bt S MR BIEE AR R, BN E
Bl ELHmBIL 2. (7 HERERY, DBNC AURE T8
810 AT HE AL 40 T ELA ROm > TARRE RS A0 BERE, T S8
KT Ry Ear A,

A 2 WIRASMTE T RF RIS M B RSN R
RE; 5 3 TR AT X0 R % B M 45 4L DBNC, TE408
BB B 4 WEA BRI EMHh R HET 5
WA BUE B2,

2 [BEFmEERY

B ARR R B O MR RS Tk FF R U B I8
LA BRI MBI BRI, B 5 SR R ER AT TR,
R REER R, AW EERATREANRESN
oLk M4 GRS B3, 78 G R b X R AR i M AR REAT B S A
™.

Zhang FARH —FE TR F RS P4 5B PR
BEND', 418 2(a) Bin , MBS et B i B A2, TR R X
BRBEE ) BEYTR AFRABRTAY. BHAUR
BB p BATHR CAMBIBRTR V. RELLRE
BES) HALENRENPEESREE TR BB M B3y
AIIREIBAER P AP P AR T AR B BA SR, W
A Bi.B; il By ##EBAF h B R AQ B9 R BB FE R B W7
KBATHK . WA 20 PR, WK B, RAERES2EE, i
EHEBE P @ PLB B R VY WBIRBEESE, R
S A BE T LU iR

,l" 2 \\\
Pli %ﬂl”"lﬁ/

(b) 78 Bz REHIGE

(a) IR
B2 BEND{TAEREEAE

0300

BEND it £ 3h Bl g pl 2, —EBE LIS T M4
Hyfr . SR, I BORAT BRI s AR R 6 R M
B, tERMTEAERS MG, WA hEREARK.
EREQE ZEEMRIRIFRLT . BB R NE S
P SE R ARSI BRACT, TR e B 2 TR, AT 496 8 0 4% B A i
.

BE3F BRI, AR 3CHRH T — P R T LR AL R AT P 25 2R
BT E T X0 R 45 9 P 4 4 B B 10 DBNC, 3 [T NS2 5 B i
T XA REHAT T 047 58 .

3 ETES RS AR 4B (DBNC)

A5 AREERVAHCHIR, KGR E —F A
TR AL BB M BT X 43 RS 1 R 48 AR S L (DBNC) . A
3R TR  ShBEER R4 %  GEE B RME
5 R DL ZAR Fe R SR A0 A B e E
3.1 MEEBAEXMIE

KR ZRRELER . E 3 s, MEmihaLig 3
AN E G Tier-1, Tier-2 #1 Tier-3 4 1, Tier-1
Tier -SEGHABE W EAMBW P&, Tier -2 EFGHNES
BREVAMET BT A NAHRERESFHEITES.
X HH G (j=1’2’394v"'9m)ﬁﬁ<%%ffgﬁ%}ﬁvm %%ﬁ
SRR EAN . Tier-2 5 Tier-1.Tier -3 Z A B KN
—Bk, TR R AT R A ER MR NEZ N ETRK
RNE BT LB LR N E W Sl BIEXLLE
HEES T BRI Tier -2 5 SRS HRBIHE Y
HERMBEREG. MRTMBTERE M X AT R, 85 7 4R
E%Zﬁi Fiz(fM s 9fi,2)@f§ 2 /l\ﬁﬂlﬁf)f—f( Si.l*ﬂ Si,Z 52 /I\E B'(Jjﬁ
B D F Dio  BEL 1ANESHENE G, HW RN &M

DA BRTER £ MBERNTEBER A BHOWE
M — 4B E T A

Dfi BT EE LAWMBERT A RER A BHWA
ML — 4B RETY A

Tier-1 Tier-2 Tier-3
/\\ \ 7N
\\ Lo\ ¢ [

i 0 | O s
I i O e | |
Sz;‘( o | | ‘f O sy

i !
o | ol
Z{\ @ } H o Loy \ ) ? 22
s O o 1 ; O
a2 .Wo/cs >\K/J 12
\E / : o / Cp * \ i)
J/ \v/ AN
B3 MgEH

A N AMERES T BB 5 0y TR 1 = Hdh T a5
FIP  FIE B P4 B I TR

DRLALRE T B R A HBI.

T R RER R, EABERNSE.

TFoLR A2 AR R B AR T EBUR TR A TR .
A SCHTEMEEERE_b XFEE T X 23 AR 5 F) ) 4% 4R B B (DBNC)
vt B DR BRAEHEAT 04T
3.2 BHBHERUHFE

Tierr -2 RO S50 3 B088 ML 2% R A i 7 £ B 2
BErREHOEN, R GEAR Y ANEREXEE,
DBNC il BB AT B v 4% 3 R E R — TR R EDIR AR



P& BT R 1D R 2 P — B BORUEDR AR . 1
FENTH IR DENRERAFEPET A S5HES
ek g B s 2) AR e AR R E R HTE
FrEERRAER.

BV RENEFERERER. BEERRER, VAR
B B TR S e T R R RE B IS E AR 2
M ECHFRTERH R A C HRRER.

XHM E A RRER T ST IHRREER .

E=23EC) o)
HEERRERDY SRR RRNREZ Ea 1828
Ea=y/ £ S ECH—E? @

EX 1RERBE ED  AREFTB AN RBRERNY
{5 E. A Eu , iHE Y SRIRGERM B H,E8:

E,=o(E,+Eu.) 3
A a B—A/DTF 1 EHE T LLRE 24 37 R 451R 0L 59 2Rk i

SIE 1 EEEMNZ BEEMARBERTHE TR
BBEE B,

WER AP — 2 T A R AR RE R -

E(CH<EG)<EWC)<-<EC,)

W RRRERNISE E N

E=L3EC)

mji=1
T AR ABEERIRHEE DE)D R,
E. =\/% _§<E<c,~>~Ea>2

Ix/% [EWC) —E* +HEG)—E -+ (EGH—E)D]

BRA,
Ea<<

\/-;—[(Hcm)—Ea)Z +(E(C,)—E) 4+ +(E(C,) —E,)?]

=FE(C,)—E,

[

E,+E<EC)

B

E,<E(C,)

GER, XHBREREATEFERTHETRER
B E: WiE, Bk, BFAERR R A THF T RERE
E RS HREV A,

EN 2 Xﬂ'?%%‘%&%)ﬁ Cj(j=1v2’3’4"”’m)»ﬁE
CHZEBAETAC RTEEM . £46 M hitE
AERERRTHET E WP A £86 M RRH:

M, ={G | E(C)H=E} 4
RESIH 1 HNES .
M, #Q (5)

MEAM RESER EEBNALREETABTES
M.,

EX3 XMTRGHEEVRCG=1.2,3,4m) . HFE
(CHO<ELMAZFRC RTES M. £6 M PHTE
ARKER/NT E W8 BE M 2RA:

M,={C,|E(C))<E,} 6

EX 4GERREE) REHSINTSAEKERNY
{8 E.FnHEZ Eg B SRR REY E; 1,320

E;,=E,—E4 D)

EXSULREY D MTERESEATAGG=]T,
2,354,000y m), H ECH< Ep , BAET S IRREET 5.

BB SZ G, F W AT NE R, T
bR AR B AR A 5 R ALHI DL K AR S R R A
i+
3.3 HERBANREAFEEIE

BB, RS S HESBMES G, T
C RAMARNER, £ W ARESSTANES HMRES
Z25HEBRNESGE). BTHREN 2SN, ik
BV LR EESNEESBNRES R . TEER
FIBE AT 43 0 3 1R 1 K SR 5 803 2 (Overhead Non-Coded
Packet, ONCP) . £ 4 Bl 9 74 4r#3 %98 £ (Intended Non-Coded
Packet, INCP) f £ 584 {8 (Coded Packet,CP)3 .

FHC BE 14 Flag REfL BRBRTEESTS5H
TaBHESE R . MESTSSHBEEACPHHES
FEEY. BTACeM i, Z5HEEHEuCPHYES G
E) M E G EM B, AZ 5SREBHBLCP HES
£, Flag bREMFRRN

1, GeM

Flag= 1=1,2,3,, 8

ag 0. CeM, J m (8

512 wEEREE, BFETRATS5HESERY
HRE.

TEWARIES 3 1 N A TSR A B AR R R
AFRETHRBREE HTR 4 M 5, BDEFE
Flag Y9 1 MZE85 L4 A, BT e e) BB &7
SHEHTSBENESER), MIFET ST ARENES
(CP), TR B E 88 A P SR AL 500

B RS TAERER, R AN R BRNSE A EL
il

DA G EM, b, W E BT REEHME D (Flag=
0). MEF A R & R RO K 4 B9 50 2. (ONCP) A ik Bl Y
REWEEB/LANCP) , A EHESBNZESF R BIAR
S E5HEBEEELCP L.

DHE G eM b, T EAMBEIREEMN TR (Flag=
D, WP EF25HESBHESGEL,, AT 54
LB R RTSEAR AL CONCP) | 22 I B 9 R 44 S 2R & (INCP)
MREFEL(CP R E.

HT X 4IRS 0 P45 47 3 1 i DBNC A AT LA F 3
W PTG, T BRI A BOoh B KRR ASBaMES
WHL, B 1B R A B B R ST, R 4 B A A
F.

3.4 SHERYIBREHERE

R T EMREHLE R K, X B % BEND #) #1777
B FIA T BRERBAR QAR . IR E5% T IEEE
802. 11e R # /Y EDCF #LHl, I AHR B A BEQITA
RS . TR AR RIEAR, B oRERBEORERS
MR ATFS BF[RIEIRG . 25, T AGE AR BB, 49
HAEAE O, CWO R L B, 5 i R R A i B S O

e 3]



CW FIRE D CW o GX R B/MED » IRALH R, TE 48 1
Ae i, ERIRATESE I EH CWi .

B WE L E AR A ATFS RS2 447 O {8 iR 2 5018
AR R . CWan \CWa FI ATFS it 5] 18] RN » B8 AL B AR
TRBEE. TREZEAHRERNEEQRN, FER K
REFEAMEIE. DBNC &4 ERG KRS AR R R
ERFWIESE O, Wk 1 I, £5 CP o, RA BB
5k t5% ONCP it AR B AR MR 56 4 1% % INCP B, E
(CHELE )T A E(C)H e (0, EDWH MR mEE
AR

#F1 ZREREIRCEERR

$EAXH  HREE CWumin  CWuax ATFS
ONCP E(C) € (0,00) 99 2047 7Xslot time+SIFS
INCP ECHe,Ey 63 1023 4 X slot time—+SIFS
E(CHE[E,o) 41 1023 3X slot time--SIFS
CP E(C) €[E1,00) 9 63 2 X slot time+SIFS

PRIR W TE R R T 52 A5 0 0 R i, W7 — 208 80 ek
AMRRERTT SR BRRE B Lk AT A R AR R R T RS T,
AT R P 2% 4 A= i R A

4 EEESHEEN

TR 4 B B 0 B U BE BT T, B Se A B
B R ERAE T S5 A LR R ATt .

4.1 gt

RAVENS2 FEF L TRHRFX SRS HNERBH
B DBNC, X E i A7 A1 M HE BE 434 5 174, 2 55 BEND
#1 COPE MM AT L3k B SE86 BT F g3 o = n #h
5K, Tier -2 5 Tier-1. Tier-3 B FG Y N 200m, Tier -2
EAHTHT AN S, AN TTHRIAFARY S 2R
WA, WAVHIREERRE N ARIMEME. YW EHEATHER
AR - SEARRBR - KEBQORBHEER. TRER
CBR ¥ » B8 209 K/ Ry 1000byte, & 3% FF 45 B 8] 24
220s, %At E] fR) B8 24 0. O1s, {FiE B F A 1Mbps, 1£ 7 4555
FAT BB 3.4.5 BB FH#4T.

ASCEIT T 2 4305 5k 43 B X DBNC #E47 ¥ B8 547
%1 HELRHT TAEAR TR RI BN T, DBNC 2
1T 100s 5734 4% 38 {2 ¥ B8, 3+ 5 BEND, COPE 1 802. 11
HEAT R 58 2 LI 434 T DBNC 3347 1200s §) 77 & AERE
AR X B8 , 37 5 BEND #1 COPE 347 bk .

4,2 BB

SRPHRNEENEEARRRERRENELE.
B 44T 1 AEBER, 5 EE R 220s 3] 320s, H
o, 8 4(2) L3 T DBNC,BEND,COPE 5 802, 11 £ 7] 43 7%
WX BT HIN 3.4 705 MAEBL T, ML HFHRBFELR.
WA ELERE H, S AT 4rBSFxT 2% 38 b, DBNC 5 BEND
HEHFE R B 5 F COPE 5 802. 11, 1£ 1] 4988 7 X 4%
% 5 8¢, DBNC g5 ut Bt 802. 112 E T4 L 9 £, th
COPE 2% T4 1. 4 5. DBNC T L £ 513K BUE £ 1 g Hl
& HILTHEERELE,. DBNC ¥ EFLE S5 BEND 48
£, CEN¥TEHFERESHHREIE. B 4 RET &0
WFREEHEHES L. MFEERE 1, BEND 4
R HE B R £, DBNC K, & ZZE £ T COPE,

e 32

DBNC #1 BEND AT P4 F sh 3k BUE £ M 4ol 2, R b Ho &%
KRB UREE L., B 4(o) [k T DBNC.BEND 5 COPE
LT RER R AR RS Gk . E DBNC
R A AE BB AR f0 5% R PL I AN 00 Se OB 0 1 B AR
AR T IGAEE Y S B D4 & DA ME SR, BT L DBNC BB Ry
HERBEENTERREIRD

§3 DBNC
B BEND
& COPE
N 8021t

The. paie of soding flons
(a) W48 PHEL &
S 400

3 4 5
The pair of coding flows

(D) BEAWLHEH K (o) BEREYRRBUNTHERAL

B4 RELEETERER LB LR D

2 tHSCE 44 T DBNC,BEND 5 COPE % & fE#E 1
FHEHAR , DF BT M 220s B 1440s, 3 2 R BTV H
FIARREIEENBRE, ASABIRPRETHE. HBE
T SRS F X BB AR 4k, DBNC 5 45 5 42 B B Am ok 25 1O 3k /0 {8
#2% 4,7 BEND 5 COPE #fE Bir #2240 TP RRE.
DBNC #M R 4% Fi BB BLR A ga B .54 R WL AN 40 e 8
o6,V JE SR, AU LA R SSCHE 1 VT S 4% 4 » T L PIT A 280
BWAMEEE B A BBERE, BT LU BY TR SE B IR L R,
BAKTY e R4 . BEND 5 COPE {84 % [ & 6k
BHBESAIA, AR SRR WA B, W2 236k
BN K GXERHEERS.

2 FRHARERIRER KR E

CE A

L Lp Va4 3 A s
DBNC 3.62 4.13 3.94
BEND —0. 37 0. 20 0.34
COPE 0. 14 —0.02 —0. 50

ESBRTE 2HTRMER. WA 5 Fi7R, DBNC
SER B SR sERE S/, B 4 DBNC R A gE BB 4
WA K AL N AR e OB A B SRR, MK T RBE R T
B RES AR AR, WA OB REIE T IRBE B9 s BRFE .
A 4 SIS, B 5(b) A PR —H AR ENR
WEEEHATRE. MiESRE Y. BERE R, DBNC
T R AR R AR EE R ET R, T BEND 5 COPE Wypr#E AL
FFRRA . DBNC RH BB RIS ZHLE M LML
R A 3R P SR L X AT R R AR RE B AT AR X BN
A MRS TRRE R M BEAE . B B T AR B .

WA 3 MR LIF 1, DBNC fER B8 A #E4H
AR BT Bt 8] b BEND #1 COPE %, X Z#H T DBNC
T EA AR GER A S X BN, RARRRA R EKE
BLAIFN 20 Se S B A B s R BCRI R T 9 R RE R, A
A7 B F ML fr R B EK



g? 770 —
485 g o -
5 4 3768§’ s
i 2 L N
% 75 3 w6l
g 764  DBNC ——— -
g 470 l‘é BEND -~ \
K] COPE
762

220 420 620 820 1020 1220
Time(s)

(b) 4 X AT GRAEIRAT AT & BE B AR
ZH

B S5 FARBEARLE KR D

4
The pair of coding fows

() BERLIRAETY BT HBERE

£ 3 4 XTI RER BT SIEAE—E AR AT Ry E

i . y
BRBE DBNC BEND COPE
100 255.3 250. 6 249.7
200 508.9 501.4 499.2
300 764.1 752.1 750.3
400 1016. 9 1003, 4 999

HHRIE N TEKRUWERERBRENEFELS, R
AR R RBCHE (1 AT SE R UL 0, A SOl T — R B FIX R %
B P 4% GRS L (DBNO) . Z s R 8 T b i3 R b
BIGHE AR ERE , X ST eI 2. B R bR
% FRERFE RS BINEREHCP. —FHE, A RRRA
Rt ZUUH, DR R T SRR R 55— 5, 3T
ERAERFIRLIEE RN, BHEAUEELNHREIE.
HE5RE W, DBNC NMUREE T BRI W S5, T HA 20
BAOTIEEN SR NHER T RERNEMRFRH.
DBNC 5 BEND #1 COPE #p i A b B FiF s P 6, 2
DBNC 3t B TR IE BRsMAEFEE A BB M MESE., F—
B TER T SHAGRBNER TR RS BME R
10

[1]

(2]

(3]

[4]

[s]

(6]

(7]

(8]

[s9]

(10]

2 Z X W

Akyildiz I, Su W, Sankarasubramaniam Y, et al. A survey on
sensor networks{ ] |. IEEE Communications Magazine, 2002, 40
(8):102-114

Duarte-Melo E J, Liu M. Analysis of energy consumption and li-
fetime of heterogeneous wireless sensor networks[ C] // Procee-
dings of TEEE GLOBECOM. New York, NY, USA, March
2002.:21-25

Smaragdakis G, Matta I, Bestavros A. SEP: A stable election
protocol for clustered heterogeneous wireless sensor networks
[C]1//Proceedings of SANPA. Boston, MA,USA, August 2004 ;
1-i1

Keshavarz-Haddad A, Riedi R. Bounds on the benefit of network
coding; throughput and energy saving in wireless networks[ C] /
Proceedings of IEEE INFOCOM. Phoenix, AZ, USA, April
2008:376-384

Katti S,Rahul H, Hu W, et al. XORs in the air; practical wire-
less network coding[ C] // Proceedings of ACM SIGCOMM. Pi-
sa, Italy, September 2006 ; 243-254

PRELHE , R 2, %, BBEE M AT ETMERBHSRER
AT B4, 2010,21(8) : 1908-1919

Matsuda T, Noguchi T, Takine T. Survey of Network Coding
and Its Applications[[J]. IEICE Transactions on Communica-
tions, 2011, E94. B(3):698-717

B, BRER, %, B4k Mesh M)t N 4% 4555 A9 B 32 8t R (T .
RV TR SR, 2010,46(12):1-4

Ahlswede R, Cai N, Li SR, et al. Network Information Flow
[J7. IEEE Transactions on Information Theory, 2000, 46 (4).
1204-1206

Zhang J,Chen Y P, Marsic 1. MAC-layer Proactive Mixing for
Network Coding in Multi-hop Wireless Networks[ J]. Computer
Networks, 2010,54(2) :196-207

i

(&% 12 7D

{18] Da DeanJ, Dean ] G S, Ghemawat S. MapReduce; Simplified data
processing on large clusters{ J]. Communications of the ACM,
2008,51(1):107-113

[19] Sottara D, Mello P, Proctor M. Adding Uncertainty to a Rete-
OO Inference Engine[C] // LNCS 5321: Proc. Int’1 Symp. Rule
Representation, Interchange and Reasoning on the Web
(RuleML2008). Berlin: Springer, 2008:104-118

[20] Kim M, Kim M. Fast Service Selection using Rete Network in
Dynamic Environment{ C7] // Proc of World Conference on Ser-
vices 2009, NJ: IEEE, 2009, 85-92

[21] Ozacar T,Oztiirk O, Osman tinalir M. Optimizing a Rete-based
Inference Engine using a Hybrid Heuristic and Pyramid based
Indexes on Ontological Datal J]. Journal of Computers, 2007, 2
(4):41-48

[22] Luger G F,Chakrabarti C. Knowledge-Based Probabilistic Rea-
soning fromExpert Systems to Graphical Models [OR]. http://
www, cs. unm. edu/~ luger/23-Luger-Chakrabarti, pdf, 2010-
06-09

{23] Bouaud J. TREE; The heuristic driven join strategy of a RETE-
like matcher[C] /Proc of Thirteenth International Joint Confe-
rence on Artificial Intelligence. New York: ACM,1993,496-503

[24] Oguz G,Proctor M. Decision Tree Learning for Drools[OR]. ht-

[25]

[26]

Le7]

(28]

[29]

[30]

tb;/ /infoscience, epfl. ch/record/126292/ fiﬁes/ oguz-thesis _ fi-
nal. pdf? version=1,2008-04-07 \

Nickles M, Sottara D. Approaches to Uncé?taiu\or Imprecise
Rules-A Survey[ C]//LNCS 5858 Proc of RuleML2009. Berlin:
Springer, 2009 : 323-336

Xiao Ding, Zhong Xiac-an. Improving Rete Algorithm to En-
hance Performance of Rule Engine Systems[C]/ Proc of 2010
International Conference on Computer Design and Appliations
(ICCDA 2010). NJ.IEEE, 2010,572-575

Stolfo S J. Five Parallel Algorithms for Production System Exe-
cution on the DADO machine[ C]//Proc. of National conference
of A. L AAAIL, 1984 .300-307

Berstel B. Extending the RETE Algorithm for Event Manage-
ment[ C] // Proceedings of the Ninth International Symposium
on Temporal Representation and Reasoning (TIME’02), Wa-
shington; IEEE Computer Society,2002;49-52

Stolfo S T, Shaw D E. DADO: A Tree-structured Machine for
Production Systems[C]// Proc. of National conference of A. L
AAAIL1982.242-246

Cao Bin, Yin Jian-wei, Zhang Qi, et al. A MapReduce-based ar-
chitecture for rule matching in production system[C]// Proc of
the 2nd IEEE International Conference on Cloud Computing
Technology and Science, NJ; IEEE, 2010,790-796



