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SDN Optimization Algorithm Based on Prediction and Dynamic Load Factor
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Abstract This paper studied the adjustment of flow table in the software defined networking (SDN). A SDN optimiza-
tion of the flow table algorithm (SOOTFTA) based on prediction and dynamic load factor was proposed to address the
problem that switch do not have enough space in the flow table for newly arrived flows. Firstly, the SOOTFTA collects
the various newly arrived flows during per unit of time. Based on the information, the SOOTFTA estimates the number
of newly arrived flows in the next time unit by using the second moving average method (SMA). Finally, the SOOT-
FTA dynamically adjust the idle timeout of the flows in the table based on the dynamic load factor. Experimental result
show that the flow table matching rate and data forwarding rate are improved by using the proposed SOOTFTA, in-

creasing the number of activities in the flow table.

Keywords Software defined networking,Second moving average(SMA),Load factor, Idle timeout

1 5]

TEE MG RRENT LRSS RERRE A RE,
FxtorFE, H—BRAS A TR T, FREMIE
3 550, FRA G —M0hR o, KT AR, FEN A
KRR EZMMEARG 2B, (£ NEERER
WAREMAR, HBERAERNEERERPRIEESEE,
HASEX BRI T RAERFR . T2 LR % (Soft-
ware Defined Networking, SDN) R K H—FMRRFR. ©
LI T PG4 I T R B R 4 BT, T R R A 2
ABRMTEBGE D, SERAMEEREH L, KM€ X
R LRFERE (8 P BB R T R T RBEESE T ERRA Y
BRHHE,

B8 LR 0 1 & 18 1 28838 3 X #F OpenFlow 1
WHEREE, KEHEARNE TR, RIS E
FEREIEANRRS . BEER RN, ZHAUR A 5
FHM & B RRICREIEE, TR R IR & B Pk

il

B H #9.2015-10-17 & {& H#9.2016-02-09

FRBFEMAF BENCRESR, BFRIWA K B AN
MBARRHEITH R E . TARRBIR K B S BRAB AN
AT R BRSPS BALE R A R, RS R
SR e B AL A BB B S L, ST R MLNAR 38 25 3K ML, (7]
Bl FI R M ALE R W R . FERT L% 18 T IC 2 s B4 T
HEE A AR R R, TR & AR, A
HUREHFERE, TRV R A ER SN EELRHE
75 TR AR B R R RS TR IR, S 6 2
o R, AR RR O, R RSB
BIRAEEANARESR, LREREME T ZBILE AT H
¥, FEK T SDN K RGEHERE. 2 RA AR R A
Erhomg, WRERAB I N RS .

AR, MR R SDN R GEtEBERAR SCHT I8 TAE AT 50 9 B9
ANJ7 i P4 SDN 2 il 2% ¥ B8 134 32 OpenFlow 32 # 4L #:
€. A RIMAL SDN #=H S RERIBT R 2 240 TR B
HBBEA 3% RIS RARAERT MR R R
EHTEAEY B, OpenFlow 38t EA F 445 4l b 38

FXFEREAEUMBEIR R R (“97373HR0) 24 ¥ BT H (2012CB315901) , ER B &

FHER & B H (61379079) , MRS 4 E bR-41EM H (152102410021) ¥EHY .
SBAF990—), 4, Wi+, FEBRF E B E XML . T —LE B M, E-mail; 15538701005@163. com; E & (1963—), &, 18+, # #2,
1A%, CCF &5, FEMRHF A EMBIEREN AR TE BBWA990—), &, F4, EEHTF MR GELNE. TR

HERM,



124 i B OB

2017 &

ey el A i R B Sr R AR AT A IR TR
Ao FKBRA A T EH X E MR R TR, B EE
B A TR, WA SR T RAS M. 38 Open-
Flow ZZBHUB R K BB HREX T RRBOT 0 AWE BT
MARBFENTO T ROETRRAEZRAOTR. IR
(15 BT ERMA RGBSR, H AR B0 B
TR AN ELRH MR, H F B R AR T
—BRAP IR FETRETPORBTEE, BB T —F
SRR TUB A B (B 7 5. EX T 3 KR
#E, AR Bk TGS R HER EBUR, B AR B ERT %
BARTER R FF AKX R, FSN AR BEEAR%E,
INE T EESS AT, BER T S B ReveERe, SCEk(18]
B TR R RE AR A RHE , (TR F et &,
W& SRR R R R IE] . %7 3R B & LR R I
R LA A5 A I A ] , [R] B DR AT A L 0 PSR T o), S 3
I T 8 A TR R A EE A &, RIE T BEE R A
. (BT R R 5] 38T T Lo s XA R A HEAT AT B
TR T AR . SCARL19 14 ) 7 —%b OpenFlow 32
BALFER A SHE YL, TR KRR AR 5L F 32 Bt
AT FPERIEE . (BRI 75 SR % A T 4 ot ] B f A AL BET 4R
ERSNA . BAEZBEARRNIE. XHE[20]8RE T —
P BE AT R LR LAE SR A A BRI R BTR 207 R
& SDN #8584 7 WSk . LS R it B iC B f
IR . WA BT B ER R LAE SR B 45 A I
[EIHRAE , AE 3h 75 VR B FAS Wi AR e B 6] 5 SR AR IR A T
e I % 0 R Bt » LA B 7 9 A R 45 T ] B e K
B, WA RRE N . AR RIEEFFPEMAERME
T SDN = HI B8 8 AR T Rtk XM211ETFH S
OCRHE FAL 7 2, R T — R X R UL BC 4R SCHEAT AL B Y
FRRITR . FEBI R, X T RICE R, ZHAURIET £ 15
B AE A AESERHSHTER. EFRERE—-ER
BEEWE T R SMEET 5 R T RO R E ERE
AL LM INE F4a BT AE , A 1F T SDN $& i ¥ [ F 43 -
EHA B,

BExt LR, A SCR T —Fh T B 53 AR E R
AT SDN MRLALE B 00T B R A B B i)
WHBE R R R B HE, BT — e 23T R A% B3, OF
FBMETH AR T B REAERE TS AR
Frp ik B R EH R, Bk ZERIER A B IS S R
BEFER, BT S0 SR 3T E, T RORE T 2

2 ETHRS#HTAEGEHEFH SDN FRMAL

'k

FEMGRB RIS, B TRRIARFTA R, LR E
FTREERRC B W TG, SxbzmE, 4
SCHE T — R iR SR AR LUS AT REFE 2 o A R BT
BHE WSS MR E AR RRA B EE  FFRER
SRR, A R B SR B R T — B RN
FHRORA B BREIHEAREFHSHEZLRINR
R4 B B A B[] , () B B 257 R U 2 v B )
AT HRAE . RERERILRRAUE BB = A

WERRAE, MARE T LBNENRAR RIE T HIE
BEAERRME 1 R,

A% ik FAE AER [T AR
A% e it Jr— s |
LENFaE.C REMYQUER S S-S IR IR, N
B B e WA E
FH1 BiiER

2.1 ET SMA W¥B N

BRI T & — 5 E A Fg i m 4% B 5
B, ASCGE AR B S F Y E X R BAE AT,
it T —at R A AFE R A B RE. B PHREERRE—
T o7 B I 1B P 5 B4R B, Bl T — R
WE G T — RN TR B AME . (BETHE MR, WER
AR BB L RAE , B S RBE R ER, FEHT R
BRIE . B THEE WARIRE L. & NEREN RN
1, MR MEEEH 0 T — AR BN T H MR BEE W B E
RUGAE , W Tk = A WEAE, I H I EE N4t
.

BRHEIFFUR 21520000 — KBS FHHE LR R

Foni=(xtx - ta—trta—pt1)/n ¢)
H,x Bt BZIEQVEAE, Fr 2 ¢+ 1 WSRO TRAME, n K
BRSO BRE R SR . (1) FoR 7 5 B (B Tl (A
HITER . AN PR SBCR B . BB FHBRT=E
RGRE, A XA R B3V HE % (SMA) £h 13718 i &
H. SMA BiE7EX MEEHT KB T HERM -, B
T—KBIEY. SMAHTEARXN.

S =(t+xtx—2ttr—n1)/n (2)
SE=(SI+S-,+S ;4 +S_1)/n (3)
a, =28} —§¢ 4
b=2(8—SH)/(n—1) (5
Fim=a,+bm ()

Hep, S B ME—KBIFHE;: S BRBEHFE;a
FERE, BT X M5 [T EAE IE , (B 5 KRR
B2 ARG IR ;6 BRI m HHMEATHE.

SMA BE B LT IHTH S — KB FME, 31 e aka
AT KBTI E, ETRREA LT EREMAE,
HRARITE R L TNE.

#A SMABBRERMT .

BN PR EHE D, BT ¢ RS MK EE n, TIRB AT m
B BUME N, , XD s 348 D T HER
while i<{=n
HEE KBS FLIE 55
s;+=s1/n;
End while
TR a;
HHEFE b;
THEBNE Nps

SMA BBt EI E 22 EER O, o n i B 22
WMBMEHER, HEERTH, 5 AR EER M, 5% SMA
BRI B GETTRCR R X I SR SR R A R, TS e
BRI FF 262 47 B 30 AT LAAR 98 52 0 By 7 2 8408 1R AT T 2468 5



1M

S A RTINS B A SRR T SDN MR (R A3 vk 125

7 AR S %0 i 82 B A OB 7E BEAT B IR 2 A
B ZE D 75D B SR T R is 47 e el Tl
B D SRR AN A L S R T Z R B i T s o D
73 2% LA L, AT LUK 5 R, {EL PR S LS B A, T
R EAOR BT, R TR R R MR IR T A bl is
AR R I ER B LB KT SMA B9k . AR AT
00 S MR S PR A RS P 2 X SR B A s ST R L
55 1 RS9 _E T 3030, SRR (H BB KB DL T . 5%
324 4948 514 F REA 8 v 55 Al (B o ) BEAILBE 3 5 T X
FEA Y RaHAE S BE, AR 5500 BN E B A R
Bg.
2.2 m&EBEHBREES N

TERCE e Ao R 1 255 LB IR R/
Y H 25 A /0N 5 ) 4 A B AR O 2 2 RO e S BE )
B, BRAlI CU RAA 2x HE B AR IF 5, T L 2 B AR A% A
B, HEERKRAR —ERIEL T, A HRLBECH.
G 2Ca) B » MR A IS B A% B ARl RS A . B
Ui A B A e SN | S | O AR £ i e A A A R 4 1S
Blo HRE—IRUAR B A0 BE R v 5 O (1] 28k i 8 A 7 45 i
BOE ML BUAS % 5k B R h Rk, il R G k4%
FAEPERE SR 7S PRI R AR — i HA i % .

Flow table Flow table

Nempry

N:."\ml

(a) (b)
B2 ks

2R G A 5 O A O R ] 0 T S A AR R
HE KB A R MR RLRRHSEHEHEN. BE
HURERI T B TR G H N & 2(a) Btz , i e AT 40

Nuax = Newrewr +Nompiy (7
HoA s Noa J2 W28 BB ) B 25 (8] 3 Nowren J MR PAETET S
B B E0R  Nowy R R INZ 8], 82X 55— B st 8] 1
SRR FEAT 40T A TR — B [ SR 5 AT e AR BRI M AR B
B AR THE T AR R A B AR R ] S At
{HA K, R RAE T — B 8] J& 199 ] BB L % 7= A5 K 4 Uik 4%
HBE 0L RN AR BB K 25 I 2 (8], B R bR I 4% H
BIRBOERE . A MTHER /DN, W 7E T — A ] & 7= 4 i I
Z BB 5 PR U7 01 TR I A L A R A L 4 e TR U
B . RE N WEUREAMA T+1 R RFRR S H,
N AmRPFH A, E 2(b) s,

Nuax = Nourres +Nos €))

K@ FR T+1 BAMRERE. BXOMAMK @) AT
15 Nup = Nowpey W N o 5853 U 55 H L85I8 BR » S 97 3 i
RBBEZER# N <Nowpy W Nua 28 4325 18] 12 LU R H
HWAH. B AR AR TR T o« S, H
AR B i 2R T ) R 2R B

a=N./(1+N,) (€))
Hor N, R WRFIA A B KAN N, i 430 1 58 $0E 3
FIH SMA B Fm RS f A HE. Hepaakm 1 2k T
AEHTR A AG THE A 0. AR 48 81 R, A SOx i 4% H 945
i B B T A0 R RS -
if o<1

Tiie =tars else

FCAR T J2 VAR J5 U0 3 IO 014 455 i B (1) 2 S22 BROA 455 0
R A ] o pl SABRAIL ] T R0 5 4 AT 2 AR Ak A (] B4 /N LR I
RO ITHEZ B HEAR KT 1, IR ERAZ B LU
SR LRI B, S AL AR B A K DA 5% s A e e (] 3 LA
LR DR o DA /DN 3R 00 ) 5 W R e i U] 5 24 R TR e s TRl Y
K/NFOF RIS THE Z (8] i LR T 1, B R R A %5 6]
RS 2SN I AT o S ASAIL il R R A 2 T 45 i 8 s e (R4
SRR . BB A (U 558 T 702 I XoF 199 4% 9 v e 39
HYBE T, T EL 0 4% B 95 A SRR A% B A R R0 BE ik
BT MBSV, W TEIR A EFEN . 1R
THE R R B RN ITRR,
2.3 mERAUEZE

AK I o VA SMA B 12 F Wi 42 4 T sk B3 AT 4
Bt s At — A~ TR] A2 PR AT BRSBTS A U 2% B 50, JFARTE 4G
THERS R T G AR FEAgERERE—1
UL 2% A% 520 I ] BB U 2 B AR AR IR H R
ROEBE X B A sh &P, AR RaT.
HIA DTSR BARAE DR A B KD s METMRC AZE B syes

MERES T, BIAHTEE t
i ERRRRR T
DL BT & €70 H A7

VA SMA 338 1 sk Bodia 4k D #4750 . 43 B HE
b A HE n,
HUR 2 AR 5 (A]
a={8y—Sud/(1Tn,)
If =1 do

Tie =a * tar » (10)

Tygiust =
Else
tadjust =t * o
End If
VR R S B A5 I TR] €
YR 3 TR R A S [a]
For every i % H Item€& T do
#r Ttem A {SEHIE AR 1] 2 BB, WSS BRI A H
75 WK Trem BRI B E BN tuguse s
End For
R EARE T
BT TR B VX i 2 25 0 e £ 4R PR T R Bk i e )
RIRBEHR O ) Jorp n Sy B S B  BCHE

3 ZBRERSHA

ARUERIERPERE B e S T — N AR R () B3
R RS . BRI A R SRR, AR SRR 5
R B A o A TR » P T DAl 7 I 9% 37 v e 30 O 3 ) T A
. F3oh. SEHR B E B A DT C AR 64 RO LK BT S OB b B
RETERIAR .



126 WO LR

2017 &

3.1 ZRFBSSH

LS IRHE . CPU 2 Intel (R) Core(TM)i3-2130 3. 4GHz,
PIFEN 4GB, #:1E & 45 3 Microsoft Windows 7; Bk R 5 3
¥ MATLAB2012; SRR I FoCak (21 ), BB R EE N
8000 % HA Wi BEMESHREmE 1 BFl,

#£1 LBRBE
WEMERE  wAH  FHEE B BN
400 10000 350/s 20 AN/s, TR 10 B¥HE
3.2 HEEIER

ASCE 3 M E IR BRI R AR CERUR
Y R, AR T R 5 R T REAT T I
.

BIRRI R EZNIHE AR KX AD IR,

DSFR=D/D,, an
Hrh,DSFR BB I K%, Dy B — 0 8] & 8 A 5%
EEIIM R AR, D, 28— 0 a3 B s i R A
i,

WMERLARZMNITEAX MK AD R,

FTMR=D,,/D,, a2
H, FTMR R FILE R, D, 28— ot H AN EKE
FREE BN BRI MIEREERNEE.

SRR E A — M E R NERR TR
— W ELERBIBER BRI B WEE.
3.2 HERGHLE

B 3 JAE—EEABERD R RENTMZ. h
EF AL A RS RO R RARARR TEEE
RN T RABE R EE. TEREEEREEFHEH
B RS RIS, RERRE A4S R E SN
W FEEEAHES , TEEWMTERENRIIELR, &£F
XHF RSP, B SMA BB T H R ETRARE, 3L
e T TS R R (R, X R RE R B A AL R R R R D
FEB R e fEd et BE S R BRYH SR T AR, E
TR IR T R AR B REE, W THEEREH
B/ I K I BHE TR & 0 T HIR S EF B0, 12
BT BIRERE,

E .
}

KEEDERE
E e

5
{
|

o
%

g &

S VT VU DU S S —
0 200 W 40 S 0 W B N0 0

E3 BRI AR

3.2.2 RAEEE

B 4 FAE—BREEATRCEBNEZ. AEH
AT, A SCHR B 5 R R SRR 8 B IS iR % , B A S g
Bk X R B B (] ) S A TR R, AR BE AR AR AR
B BB BE  B RS LR RS M & H W mEsh, 1
RIEE RIS B S E B AITEE, e EEE R mar
WiE R ELE ERERPRE T LRERENRAR BF
TEMMERMLER,

AEERE
& 8 8 8

£ &

B4 WMRITEE

3.2.3 #BHAAAKTE

B 5 /Rl T —Eeaf I TE S & H AL EoL. B S
I, e E s Ry RP, S R BIERE T A4 —
FWERRERI, CERBRTRHESE, BT THRHIERE.
FEARSCHR BT RSP EHMEBEIMN LLFIELE S ERDR

RN LA L, B8 W W FREE T E A R, %

BHLMEREER T E RS WA E, FE T 5 E I E R
RHE,

ETES 3
E g ¥ B g8 8

B

T ]
B W (s)
B 5 WEshiRmEE

FREBEREY, EREBEFEY, AR TR
RV SC R W MR BT ORI A 3 AL T MR T IRFE R A 18
B, B T EMEE SR, ABRE T B BHE 5L
W REMMRLEER,

GRiF SDNRMSH, HARXREHR ENERE
RIS, THAEH EFBER . SRR, PR T —
MWMFNAEE. ERERCEE P BT ARREN
TR R A R4 B 5 e f] L B R AR E
B AEBEMRF AR H R BE AR — S, A T
BB EFNER. ZEEAURE TXBRILAHE, i
HEA T EHEERERN SR B8 TERENRIHEEE.
HEEEFERERA B ER R R BE— 1 R& R
B BB R O R 2 00 4% B A RE S AL B , R XA
#BEH A SR REFHE P

S F LW

[1] MCKEOWN N, Software-defined networking [OL]. http: //kla-
math, stanford. edu/~ nickm/talks/infocom_brazil_2009_v1-1.
pdf.

[2] MCKEOWN N, Anderson T,Balakrishnan H, et al. OpenFlow:
enabling innovation in campus networks[ J]. ACMS IGCOMM
Computer Communication Review, 2008,38(2) :69-74.

[3] CAIZ,COX A L,EUGENE T S. Maestro:a system for scalable
OpenFlow control; Technical Report TR10-08[R]. Rice Univer-
sity, 2010.

[4] GUDE N,KOPONEN T,PETTIT ], et al. Nox: Towards an op-
Erating system for networks[J]. ACM SIGCOMM Comptuer
Communication Review, 2008,38(3) ;105-110.

(5] ERICKSON D. The beacon openflow controller [C]// Procee
dings of the 2nd ACM SIGCOMM Workshop on Hot Topics in
Software Defined Networking (HotSDN 13). New York, NY,



F1H

A, —FhE T IS 35BN T/ SDN JERMALE

127

Le]

7]

(sl

(9]

{103

(11]
[12]

[13]

USA:ACM, 2013:13-18.

GREENBERG A, HJALMIYSSON G, MALTZ D A, et al. A
clean slate 4D approach to network control and management
[JJ. ACM SIGCOMM Computer Communication Review, 2005,
35(5).41-54,

YU M,REXFORD, FREEDMAN M ], et al, Scalable Flow-
based Networking with DIFANE[]]. ACM SIGCOMM Compu-
ter Communication Review,2010,40(4):351-362.
TOOTOONCHINA A, GANJALI Y. HyperFlow: A distributed
control plane for OpenFlow[C] // Proceedings of the 2010 Inter-
net Network Management Conference on Enterprise Networ-
king, USENIX Association, 2010; 3.

LIN Ping-ping,Bl Jun,HU Hong-yu,et al. A Mechanism for
Scalabe Intra-domain Control Plane in SDN[J]. Journal of Chi-
nese Computer Systems, 2013,34(9):1790-1794. (in Chinese)
PREERE, BRSO, %, —Fh R SDN S EH P Ea o 8
PRI LT ] BT BHLR 5, 2013, 34(9) : 1970-1974
LIN P,BI J, HU H. Asic: an architecture for scalable intra-do-
main control in openflow[ C] // Proceedings of the 7th Interna-
tional Conference on Future Internet Technologies. ACM, 2012,
21-26.

KOPONEN T,CASADO M,GUDE N,et al. Onix: a distributed
control platform for large-scale production networks[C] // OS-
DI 2010:101-106.

VOLKAN Y, ALI O. Controlling a Software-Defined Network
via Distributed Controllers[ C] // Proceedings of the 2012 NEM
Summit, 2014. Istanbul:arXiv preprint arXiv,2014,19-27.
HASSAS Y S,GANJALI Y. Kandoo: a framework for efficient
and scalable offloading of control applications[ C] // Proceedings
of the First Workshop on Hot Topics in Software Defined Net-

{14]

[15]

[16]

(17]

(18]

(19]

[20]

[21]

works, ACM, 2012,;19-24.

TAM A S W,XI K,CHAO H . Use of devolved controllers in
data center networks[ M] // Computer Communications Work-
shops(INFOCOM WKSHPS). IEEE, 2011,596-601.

KIM T,LEE K, LEE J,et al. A Dynamic timeout control algo-
rithm in software defined networks{ J]. International Journal of
Future Computer and Communication, 2014,3(5):331-336.
AKAIKE H. Fitting auto regressive models for prediction[]J].
Annals of the institute of Statistical Mathematics,1969,21(1):
243-247.

TSU T C, MUGELE R A, MCCLINTOCK F A. A statistical
distribution function of wide applicability[J]. Journal of Applied
Mechanics-Transactions of the Asme,1952,19(2) :233-234.
ZHOU B,GAO W, WU C,et al. AdaFlow: Adaptive control to
improve availability of OpenFlow forwarding for burst quantity
of flows[ M // Testbeds and Research Infrastructure; Develop-
ment of Networks and Communities, Springer International
Publishing, 2014 :406-415.

XIE L,ZHAO Z,ZHOU Y, et al. An adaptive scheme for data
forwarding in software defined network[C]// 2014 Sixth Inter-
national Conference on Wireless Communications and Signal
Processing (WCSP). IEEE, 2014:1-5,

ZHU H,FAN H,LUO X, et al. Intelligent timeout master; Dy-
namic timeout for SDN-based data centers[ C] // IFIP/IEEE In-
ternational Symposium on Integrated Network Management
(IM), 2015, IEEE, 2015.734-737.

BENSON T, AKELLA A,MALTZ D A. Network traffic char-
acteristics of data centers in the wild[ C] // Proceedings of the
10th ACM SIGCOMM Conference on Internet Measurement.
ACM, 2010 267-280.

(E#F 99 R

[63

71

(8]

(5]

[10]

[11]

[12]

CHEN C, Character-sense Association and Compounding Tem-
plate Similarity: Automatic Semantic Classification of Chinese
Compounds[ C] // Proceedings of the 3rd SIGHAN Workshop on
Chinese Language Processing. Barcelona. 2004 ; 33-40.

LU Xiao-fei. Hybrid Model for Chinese Unknown Word Resolu-
tion[ D]. The Ohio State University, 2006,

LU Xiao-fei. Hybrid Model for Semantic Classification of Chi-
nese Unknown Words [ C] // Proceedings of North American
Chapter of the Association for Computational Linguistics-Hu-
man Language Technologies 07, 2007. New York, 2007 188-
195.

ZHANG Rui-xia, XIAO Han, The construction of Lattice based
on HowNet [J]. Journal of North China Institute of Water Con-
servancy and Hydro Electric Power, 2008,29(3) :53-56. (in Chi-
nese)

KB, BN EFCRFD&REWE] EIKRK b E 2
##%,2008,29(3) : 53-56.

LU Xiao-fei. Hybrid Model for Chinese Unknown Word Resolu-
tion[ D]. The Ohio State University, 2006.

LU Xiaofei. Hybrid Models for Semantic Classification of Chi-
nese Unknown Words[ C] // Proceedings of Human Language
Technology Conference of the North American Chapter of the
Association of Computational Linguistics, 2007, USA, 2007 :188-
195.

BORDES A,GABRILOVICH E. Constructing and Mining Web-

[13]

[14]

[15]

{16]

[17]

(18]

Scale Knowledge Graphs: WWW 2015 Tutorial [C] // Procee-
dings of International Conference on World Wide Web, 2015, It-
aly,2015:1523.

MASS Y,SAGIV Y. Knowledge Management for Keyword
Search over Data Graphs[ C] // Proceedings of the 23rd ACM In-
ternational Conference on Information and Knowledge Manage-
ment, 2014. China, 2014.2051-2053.

WANG Z,ZHANG J,FENG J L,et al. Knowledge Graph and
Text Jointly Embedding[ C] // Proceedings of the 2014 Confer-
ence on Empirical Methods in Natural Language Processing,
2014. Qatar,2014.:1591-1601.

ROKACH L,MAIMON O. Data mining and knowledge disco-
very handbook(2nd ed)[M]. US: Springer, 2005 321-352.
ALFRED R,FUN T S, TAHIR A, et al. Concepts Labeling of
Document Clusters Using a Hierarchical Agglomerative Cluste-
ring (HAC) Technique[ C] // The 8th International Conference
on Knowledge Management in Organizations. Springer Nether-
lands, 2013.:263-272.

TONG H,FALOUTSOS C,PAN ] Y. Fast Random Walk with
Restart and Its Applications[C] // Proceedings of IEEE Interna-
tional Conference on Data Mining, 2006, China, IEEE Computer
Society, 2006 ; 613-622,

XIA J,CARAGEA D,HSU W H. Bi-relational Network Analy-
sis Using a Fast Random Walk with Restart[ C] // Proceedings
of IEEE International Conference on Data Mining, 2009, USA,
IEEE Computer Society,2009:1052-1057.



