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Abstract Aiming at the problem that the existing multi attribute handoff algorithm doesn’t consider the load balancing
of the target network and can not guarantee the quality of network service, the heterogeneous network access algorithm
based on improved multi attribute decision was put forward. Firstly, the gravity model is used to simplify the complica-
ted calculation process of multiple attribute decision algorithms, reducing the execution time of network access handoff.
Secondly, the optimal target network and suboptimal target network load are calculated by adding the load decision
module before switching, to select the final target handoff network. Using MATLAB,NS2 simulation tools, etc,a hete-
rogeneous network simulation environment for WLAN and UMTS fusion was built. The simulation results show that
the algorithm significantly improves the load balancing degree and resources utilization rate of the whole network, and
reduces the handoff blocking rate of the mobile terminal effectively.

Keywords Heterogeneous network, Access selection algorithm, Gravity model, Improved multiple attribute, Load

balancing

1 5|

BEE LGB RRARR AR, B H AT W RL B NEAN
BB R PR T R IR, F N RS RO
AW EXE. ERBESZHRUERMERMEE—RR
DRRMSESEET R Bt ERN RS . I TX
BB A i i R AT &R » AR B Sh & b LR & LR K
PR ER 3 1, 28 35 042 S B PR AR 98 1R A DT AR U S R B S
BEAFILE . ST Fes R R B IR, R IE R M4 A H B
R, LB R S A NRTE S B R T 19 T4 18, 7E (R IE
U B AR S5 B B (QoS) B RT#R T L M 45 fa B A5, B
I, WEBTS B MBEAERE L, TIX B AR M 45
R A B L.

n

2NFE B H9:2016-11-29 SR1EH#7.2017-02-08

WIRMEEARFEREAET RSS.AMREL R
BB ISR U4 R [k %5 K2 R
B ERERE, B0 T QEIEEREESEHMEE
AR EBARF T W& 7255 A 2 Ry m i HERE.
BEFEREREI T BEERER, ANTEESFR
RASWERME . SCRRL5-6 )4 X R Bk %5 J BB = BRI A~
MR E B = KRB, 8R4 T DRI RIBHEALSE
Bk BEIR T HER R, B RERT T R Mg R L A A
B, BH BT REREFF L %5 28, Xt MR R
BUSERHE R E . SCERL7 063 BRI SRR, R T
ETF QSHEKALRBHFEEEURRM TR, BETHRER
HIEIET , BB 2 QoS RYMEREE R . SCHRLS-91%H X % fa R
W ERREE A E BERME L S HEBAIL FEALES

AXTERNUEFERLS (612250100, BERESE ST H (61432002) % Bl ,

BHEBA76—), &, 814, BIHEE, T BRI R ML, E-mail; gaoxiue510@126. com; B (1971—), B, 5+, 88, TERR T AN

HBEHLRZ , E-mail : keqiu@dlut. edu. cn,



98 i BB

2017 4¢

B4R T BN AL R T B s AR T
RGERHER AN 5 DB R, IR 10 MK QoS ER MM
SYTRA R AN, RSB RABRBHE TR ARHERETHF
k55 S BB P48 BR80T R 45 3R, X 2807 R )
PR 5 & 5 BB A L ] PRI B A SE, &2l 55 1R
AL ITREREERED. SCERR O ]F FH E R R AR
* HetNet, MBS, SBSS %8 - % I /" 4 6 48 B9 FH 7 6 BE v , 43
PR BATEXN REMERERR ., SCK12-14JR/RR TET
Bk X P45 (SDND B T B M P B A 807 i, U8 T —
SE BIRUR  HIZ T B B SR 4028 SR A 58 L 4% (SDND B &
Lt BT — SR A%,

BT, CFHEKRESFEREERER X%
RIS P BRI AL ; [R] i, Xt B AR U145 R 45 £ R AR AL
ARG, REEZHPZSMBNFRHRMERRT, FER
ABTSE R W8 0 2 B A R 5 — 5 B SR m K
SRR IR S ORI RN R B A . PR, B — R T
HE R EHIR B R PSR IE, LLR R M4 BT I0F F &
5B,

2 BETYitEBRUHRNBERNERENE L

ML MR8 A SR A a4 B sh AR - R R
ML, HRBEARFERBOB AR, . HFH
BB RE AW F BRI T . D FREMNEX
HEREARM, THASETEENE N, P BEEs &
AR 2B 2) T B2 b, SRS W B AR SR ER B X ) 4%
R RERER.

S 4 BB AR RS B BT A P AR, BB LARE (AR
FORBNTR SRR B, TR KRR BRI E 2008 R R M
HZRERAR. BEBIAERBTEAAS QS. AEAF
QoS L5 11 4 I 4 I P B 10 3 S BE AR HEHE A I8 J5 U380 33
B,

ZREMAEARE S H T E S R 5y RHER &
/MEVL R S BRI T RIWFE B R K, AT e B B A SR s
BARNG, BETERARABREMENREBIEERR
B, B ERIRIT RN BT A Bk MR EBEEMR. &
FLEZREVMRE LR LT BB B AR/ %at, &
BB MATRAM B A5 N0 AR, W RS RN % RS R
BT R, BMEEH BT A MK AR X —RIK S
WIHAEERIF MR — &, b, BA IR R
HERERPREE LR, R —NEERTH LS5 3 B
45 00 BRI R T 1 AL 35 AR 55 R HE 4, MRS 3h 2w A P 3E B M
DL, B, E B2 BRI T MG R T R
tE Bbr e — BB BN ABRER. BT AR
ToLk 255t P4 R B AR bR FIRF BT AR, R 58 Bl it 4
— B SCRPEH & M 45 1) SR E L

RN B BERAPIS BHRARRN, MG TE B L5
M e EERI PSS AN S MR BRI ERER
P9 28 57 8, (D B

loaa':;bw,-/bwﬁ (1

FE YRR E R R BAT IR L S AT A B R IR
PR T M LE DB H b B, IR ) R s (2) PR

F=G- M—Ié-ZMZ )

Hrb, F#Enibmg M kg M, ZE~ERTT K
/N R BRBNYIERZ BIFBEE G R, SR B
ARSI iR M, F ik M, , MBS &HERER L R
Yok My FigiR M, Z 18851 SRk, W IR R 4 N X
B T ZEs 5 Fyv s B

M~—*NR'2MT (3
Hi, My FRMEHRE, Mr RRBHEMmER,R TRBS
LURBI TR MG HIERS, K o H3. WHECHT HH 3 By IR
{& 598 E RSSu. HRBINRETIE Dy B30 En KR FHCy &5
AR B REREEME NS, HPREERESRE
RSSue /AR A

RSSu. = |

FN:K .

RSSM.,M _RSSthre.\'hold |
RSS threshold

HH,RSS,... HEWIS SR IE » RSSame HH Bh 28 45 M AT UK
55 s RSSheshord NEWAEE T TERIE.

K=K HE B AL, W2 7] F7 58
W& SR MK, KR M4 B8R, R R T 4 Y
JR M, BB B, 0 158 B o0 24 i il 2% .

— B'ﬂ
By = (B BB

1

4

D,
L 1.1
max D1’D2’ ,Dm
1

En

AR R R @
max El ’EZ ’ ’Em

1

Cn= Co 8

I S &
I’l’la)(((:1 ’EZ ’ ’Cm)
LR N e My (O FR
_ 1,141
MN—BN+RSSm,E+DN+EN+CN €D

BHARETEMMEE BRMENSI AR D EREAE
WL, ECON TIREEERE B ZORPER My v 1. Hitt,
M N 3t s T 8951 im0 Bk,
FN:BN+Rssm,e+bl;+El;+C—1N

RZ

A AT T I A B AT S B BLE B AR R4 AR AL B A7
M4, BEiRImitEBREANSHREITESBOT.

WEAF A HEET AR SN B R MEMRE A
e

(2)HEFA B AR R4 4 57 BUR L » 1245 TR AR R

DIinRHM BiFME N LRTR B/ THARENRRT]
R o (0<<a<<1), NI BRTHE N AR M EEZEADRL BIFM
%,

10



HeM

BT IR 45 BT O R BRI P A R 2R A B R 99

DWRHR ERMBHYTABRRTRENRRITR
a» H B BRI 09 247 S8R/ FHREBTTIR o W E
R AR EEA .

D INF B B Fn P FIRAE B AR & B SRR BIRT
BRI RERITIR o, 0 HE LU 0 48 B 1 B (B DR B 45 4
ARG IREA B AR R4 48R R EGRE) 1, W &
B 45 P 4 B 224 A0 5 B 8 Bl 48 i P U 803 SRR #E A IR
DL B AR P2 b s an SR AR B AR R 4% Y I 48 A A B ik B 1, )
B R Z RS . KB sh & m R BB BAR MR T
R ARl 55 BHL 28R, BRI RS S 40 05 1T P i 3L

3 (hESH

3.1 MENFHENGERSHITE

FEERIEFT S FEERE 5 FR R A S KR, Rk
TR S A b 55 B sh ¢ 0 FH P EK E0 45 0T L 3]k SRS AR
THRA XA, WIAE £ B IR] Y m 35 Bh 2235 F 0 3R R IT Y 1 AR 2R
RN AD R SRR A A

AD™ 5
m! €

H 2 FrRBah&im A k% 697 B3k 2, B 8 (7 a5 (8] o4
W 2% e 057 0 1) 325 B9 35 8 B i R P 5 1 - 2 ) i) Rl
3 1/x, HA,A €00.01,0.1],4, €[0.01,0. 1], FFhFEsH
S Ml 55 B9 °F 357 Bl 45 BsF 18] 389 AR SR 38 3504 A, T (12)
FiR L BEA BN o T pe » B BN 8] 9 AR 5 SE R B9 A5 30
L PR IR 5 2R B0 Ry H .

fao={17e" 20 (2)

0, <20

3.2 tEBEIEER

BT ILA A R#HIT B LR .

(DM YR

W45 Y1 S YR AR+ BB B Bh R 0 & AR D 4 10 TR BK, 8
it R B Bk B, BT LU B sk e e B L R
e A LIE- N

() FHenF ny $iE k3

YIHnp il i BB S A R TE VIR R vh R A IR )
Bk, ZAE N, RN R R, R R AW B aE
k.

QO MERBHEE

PO 4 70 440187 B R S 4 18 P 45 B R R DO, L3
BhHEmRAD R,
3.3 {FEER

B IE 1 PR SR SR AR EG R,
ZEEAE UMTS # WLAN FRG& R 4%, A 14 UMTS,
34 WLAN W#, Hd, UMTS BB 2/ NK$ER R
1500m, AT FI 45 9% 4 20M; WLAN ME BB /DX 42 H0
500m, B] FHF R K 22M, ZELBAF ARG, HEH 200
MBI RN, BEhSimsh SN, BIAAR A UMTS fl
WLAN G5 PI4E B RE 77, B o, AT R 35 0 B o e 22 Bl 3l
RE—EHEEHNARWEALTILN, BRIBITHR «=0. 8,
KRR RAMBE T RN FHMERE X,

P(X=m)m ==

an

m=u=120s,

RS B 2055 P B R P b 55 D105 I ] 381 R B4 R AT A 53
o VXRS5l AR 5 3 B ek A - WIS T BT, AR
Bheeum A P AL AR £ I 1 BTR B R R 4 il 5 SR B R
HAEGAH M LEEHES. @il NS2 SAFH#T i ELk K, 3
AR 2 U0 e U B B sh i P B B R P SR A e B LA
BB I MR 4 A7 TR XA SCHR Y B ik AN SCRR (15 48 i B9
MASVH B #4705 A H 44

»

B 1 FHREMESEE
R0 RS H B E R 1 B3,
®1 WASHRE

EE3 UMTS WLAN
# % /MHz 20 22
ANE ¥4 /m 1500 500
W 11 3% & /Mbps 100 54
TR TDD1 DCF
B AKESE /m/s 1~5 1~5
Eatshg 30W 100mW
3.4 (FEHGRSSH
(D WEEBRK B 547

R IR B B B R B B R L E N ERER,
TER B A il $5-3B AT ], KB B 100 2% 1 e R HOKs = BRI 4%
REVIRER S, Bk, MK BRN T EHRIISH LR
THEEERNERM . B 2 (T PFMERER R % EA
RT W RE BRI HHT .

x10*

45 35
T T [ xR
¢ QL_T_‘,__,, —o— MASVMN S
35 | | I | 1 1
§ 3 §25_'T—“}_'I_-T_‘|-‘—_
I i i i
£ 2 ] S et T >
® x i i | 1 l/
® 2 .Y S, — H e e —
® sl B I o
[ T iy NN S S S
1 ! H i ' ]
i | L 1 i 1

05001 002 003 OB4 005 006 007 008
B W b # B 2k %/ calls/second

i 1 1 L Il A
050.01 002 003 004 005 006 007 008
$iE & % Btk # /calls/second

B2 BiELs EELSEFRMERT IR A

e 2 AT LAE R 5 FE ol 55 4 I A SO
B SR i BN T MASVM 8, 3108 2 S0 15 B HERR 1
R, FERAANEXBERGEE BT ELZHHARHEE, AT
WA T 4% e TR A, R R BB SR B I E R RUM Y
MR

(2> B shZim B P BB I B4 17

rERET RS, A TREFEETEEIT, #RI#RE
MR EAPBAREERE, B =L THIERSR. &3
ST MR ERIETIERIE R EOT N 5 E .

HE 3EUE B, X F MASVM B, A LB ki



100

i LR

2017 4¢

WEREOT A PTE .

8momunsomaosooso4ovom %xmmwmmmm

¥4 d 4 3 5 %K /calls/second #H L% B35 % /calls/second
B3 s GBS SRR E R T SIS RECT L
YA PPt &

W& P B stn, P E e BRI . SR P8
BABRE G, HREEE A, Mg HI— 2 EE, A
R KR M B 2R T R, KA B TR
. E 4G HRRME LT PP BT E BT BT

26 T T T T
PR s e i i N > 2
22k —+ =4 — 4= <= —1—~ ~| —+— MASVMH¥#
g b ~LloLl g e
1 | ] ' 1 i
-2 s M Bty it i = *
g B —+ = = A e —c—'«r—-y'j
PO B N - S ol W TG T v G
e 4 b A [ I ]
E- 2 el T T T T T T T T T T
e 1r- b it Bty Bt el il bl JE B
T e e R B e e
b/l L d e L L
o 06 'IL ' v |L ' T J\ —'{
B MESr -7 -7 T
02—+ =4~ o m b — e — 4~ 4 —
0 — 1 R B L. 1 . 1 L
20 40 60 80 100 120 140 160 180 200
BARMA P B/ A

B4 RPFHE R ERT st E

P 4 FTLUR i, AT MASVM Bk, 4 SCBE B e
PR A PR

() Mk O 45 TR GG S AR B E ST

IS4 1 54 R 1 0 4 TR VAR 9 — 1R
P YBER . UL AN L 25 OB B LR RO ML 53 5
1 20 ™K F] 200 Y BV RIS R AL A SR ST E V0
KADFR:

d=3 {1~ Buaupod / Biaa )/ Bucapid / Busat | (13)
Hod RoR R BRI, B RRE R KRR M4,
Blcuyics K55 | P LA, Bl R85 § MV SR,

5 4 S Bl 5 R 5 TEBTRI BB T HOREPR 51 88
6 DT L R

024
022

02
018
016 |

SRAEE

014

012
01

' ' ' ' \

I P SO Y |
100 120 140 160 180 200

BAHHNMA 2 Bk
B 5 R4 B m A A T X L

W 5 AT, A SCE R TE R B T T F MASVM
B,

ARG, R A RO T AL E ISR,
BB T RIS TR BRSO AR T B B 2R s ) 45 P 2 R
AR LR B, R T AR R B

BERIE ST RSB R 45 W IR AL )RR SR T T — R
BT R AR R P B A R T ML
YB3 P P RO, A ROR S T B R4 R G R4

FRHE, T—HHEaLRETLREMERGE, W B EH
Tt — B ER I FEGE .

1]

[2]

(3]

(4]

(5]

(6]

(7]

(8]

[9]

[10]

(11]

2% x|

ZHANG Y,LIU S M. Network Selection Algorithm Based on
Multi-attribute Decision[ ] ]. Computer Science, 2015, 42 (6),
120-124. (in Chinese)

RE R BT SRR A MG EERE R HTHEILR
%#,2015,42(6):120-124.

SHENG J, MA D. Multi-objective Optimal Based Service Access
Control Algorithm for Heterogeneous Wireless Networks[]].
Acta Electronica Sinica,2016,42(2):282-288, (in Chinese)
B, DR BRUERNEVFEAZ BRRAERER] &
T ,2016,42(2) . 282-288.

MIAO J,HU Z,YANG K,et al. Joint Power and Bandwidth Al-
location Algorithm with QoS Support in Heterogeneous Wire-
less Networks[J7]. IEEE Communications Letters,2012,16(4) .
479-481.

FENG C W,ZHANG L. A Network Access Control Algorithm
Based on Q-learning[J]. Computer Engineering, 2015,41(10).
99-104. (in Chinese)

R, . — R RT QEIMMERABRHERD] iTH
PVLTHE,2015,41(10):99-104.

ZHANG S, YU M, ZHU X R. An Access Selection Algorithm
Based on Markov Process for LTE-A/WLAN Heterogeneous
Network[ J]. Journal of Nanjing University of Posts and Tele-
communications,2014,34(6) ;16-21. (in Chinese)
BB, M, SREESE. LTE-A/WLAN rh 3t F DR A] e 5 #2 1
ABFEF BRI ] B RHRE K2R B AREIR) , 2014, 34
(6):16-21.

NAVARATNARAJAH S,HAN C,DIANATI M R,et al. A-
daptive stochastic radio access selection scheme for cellular-
WLAN heterogeneous communication systems[] ]. IET Commu-
nications, 2015,10(15) :1986-1994.

CARVALHO GLAUCIO H S, WOUNGANG 1, ANPALAGAN
A, et al. QoS-Aware Energy-Efficient Joint Radio Resource Ma-
nagement in Multi-RAT Heterogeneous Networks[ ] ]. IEEE
Transactions on Vehicular Technology,2016,65(8) :6343-6365.
SHENG J, TANG L R, HAO J H. Hybrid Load Balancing Algo-
rithm Based on Service Transformation and Admissioh Control
in Heterogeneous Wireless Networks[ J]. Acta Electronica Sini-
ca,2013,41(2);321-328. (in Chinese)

BRIE L FE R, RERLL. R TCER W 4 i Flk 5 R R 3 AR
HENRA RS H0) ] BT, 2013,41(2).321-328.

TANG L R, YANG Z,ZHAO L. Effective Access Selection Al-
gorithm for Load Balance in Heterogeneous Wireless Networks
[J7. Journal of Applied Sciences,2013,31(5):441-447. (in Chi-
nese)

JERE G, B AR R TR M % R A %R
030, P FARL 22238 , 2013, 31(5) . 441-447.

LOZANO-GARZON C, MOLINA M,DONOSO Y. A Multi-Ob-
jective Approach for a Multihoming Load Balancing Scheme in
WHNL[J]. INT Journal Of Computers of Communications &
Control,2016,11(2) :259-272.

CHENY J,LIJ,LIN Z H, et al. User Association With Unequal



& 6 1

REE.F BT UGS BRI R PR EA LB

101

[12]

[13]

User Priorities in Heterogeneous Cellular Networks[]J]. IEEE
Transactions on Vehicular Technology ,2016,65(9) : 7374-7388.
YANG S N,KE C H, LIU Y B, et al. Mobility management
through access network discovery and selection function for load
balancing and power saving in software-defined networking en-
vironment[ J . Eursip Journal on Wireless Communications and
Networking,2016,9.1687-1499,

FAHIMI M,GHASEMI A. Joint spectrum load balancing and
handoff management in cognitive radio networks:a non-coopera-
tive game approach [J]. Wireless Networks, 2016, 22 (4);
1161-1180.

(14]

[15]

HAN T,ANSARI N. A Traffic Load Balancing Framework for
Software-Defined Radio Access Networks Powered by Hybrid
Energy Sources[J]. Transactions on Networking, 2016,24(2)
1038-1051.

LIU S M, MENG Q M,PAN S, et al. A Simple Additive Weigh-
ting Vertical Handoff Algorithm Based on SINR and AHP for
Heterogeneous Wireless Networks[J]. Journal of Electronics &
Information Technology ,2011,33(1):235-239. (in Chinese)
X, BRR B, S RHLENETET SINR 2RSS
ity SAW B HUIHEIEWRL ] BT 5E B %R, 2011,33
(1).235-239.

(L3H 67 3

(1]

(2]

(3]

(4]

(5]

f6]

7]

(8]

2 % x W

ZHAQ Y F. Development in Satellite TT&.C Network[J]. Jour-
nal of Spacecraft TT&.C Technology,2002,21(3);1-4, (in Chi-
nese).

BrE. DEMENGEARR R RITEEEFER, 2002,21
(3):1-4.

B, KR MR ERRET R IR SRR B D)
HBFEL] KA TR, 1993(1D); 11-19.

Y. ATEBEERERREEMB M RMBE PR AL W
PEHR,1991(3):10-13.

LI H, YANG X H, LI H B. Study on Distributed Hierarchical
Fault Management Paradigm of Satellite Network[J]. Journal of
Chinese Computer System, 2009, 30(7): 1341-1345. (in Chi-
nese)

i B EE K. TR RS 41 202 Wk B AR T
] MBI EHLR S, 2009,30(7) : 1341-1345.

WEN Y Y,ZHAO J L, WANG G X. A Network Management
System Applying to IntegratedSatellite Information Network
[J]. Acta Armamentarll, 2005,26(2):231-235. (in Chinese)
A, RS, BN, —FE ] DRGSR AN MEER
RY[]]. =T ¥4R,2005,26(2):231-235.

ZHAOQ Z G,GONG C Q,WANG G X. Identification of Dynamic
Routing-Based Faulty Links in LEO/MEQ Satellite Communica-
tion Networks[J]. Mini-Micro System, 2005, 26 (6): 916-919.
(in Chinese)

BEN], BT, 6% LEO/MEO T2 R4 5 T 30 75 Bt 3
s 1 4 B A I LT . /BRI PR 48, 2005, 26 (6) : 916-
919.

WANG R Y, WU Q, XIONG Y, et al. Link failure localization
algorithm based on Bayesian symptom explained degree[]J]. Ap-
plication Research of Computers,2013,30(3):712-714. (in Chi-
nese)

EWFE,REG, BB B, BT VT BTAEJCAR T B 00 B Bk B S A1
HELT). HEHLR RIS, 2013,30(3) . 712-714.

ZHANG X J, WANG Z L. Autonomous identification based on
correlation of faulty links for satellite communication networks
[J]. Journal of Huazhong University of Science and Technology
(Nature Science Edition) ,2014(3):10-13. (in Chinese)

TK/NME, BN BT RSN TEEFENEENES Ei15)

(9]

(10]

(11]

[12]

[13]

(14]

[15]
[16]

[17]

(18]
(19]

f20]

(7], B R M A RPERRD - 2014(3) : 10-13.

ZHANG C K, CUI Y, TANG H Y, et al. State-of-the-Art Sur-
vey on Software-Defined Networking (SDN) [J]. Journal of
Software,2015,26(1) :62-81. (in Chinese)

R ER, HRE, S RE LM% (SDN) BRI
Bf42£4R,2015,26(1) : 62-81.

MCKEOWN N, ANDERSON T,BALAKRISHNAN H,et al
OpenFlow: enabling innovation in campus networks{ J]. ACM
SIGCOMM Computer Communication Review, 2008, 38 (2):
69-74,

COMMITTEE O, et al. Software-defined networking: The new
norm for networks[ R]. Open Networking Foundation, 2012,
TANG Z,ZHAOQ B, YU W, et al. Software defined satellite net-
works; Benefits and challenges [ C] // Computing, Communica-
tions and IT Applications Conference (ComComAp), 2014
IEEE. IEEE, 2014,127-132,

GOPAL R, RAVISHANKAR C. Software defined satellite net-
works[C]// 32 nd AIAA International Communications Satellite
Systems Conference (ICSSC), 2014.

RYU H. Welcome to RYU the Network Operating System
(NOS) [EB/OL]. http://ryu. readthedocs. org/

https: //github. com/osrg/ryu/blob/master/ryu/ topology/ api. py.
HOU L,WANG S,LIN Y K, et al. Link Failure Recovery Based
on SDN[J]. Telecommunications Science, 2015, 31 (6) . 18-23,
(in Chinese)

sk WL AL, %, 2T SDN s BB E (], RfEsl
%,2015,31(6):18-23.

SGAMBELLURI A,GIORGETTI A,CUGINI F, et al. Effective
flow protection in open-flow rings[C] // National Fiber Optic
Engineers Conference. Optical Society of America, 2013: JTh
2A.01

Open vSwitch Homepage [ EB/OL]. http.//openvswitch. org/
LANTZ B,HELLER B, MCKEOWN N. A network in a laptop:
rapid prototyping for software-defined networks[ C] // Procee-
dings of the 9th ACM SIGCOMM Workshop on Hot Topics in
Networks. ACM, 2010:19.

VAN ADRICHEM N L M, VAN ASTEN B J,KUIPERS F A.
Fast recovery in software-defined networks{ CJ // 2014 Third
European Workshop on Software Defined Networks. IEEE,
2014:61-66.



