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13 F 5o, M F A5 T AR B E T 69 W& R o 5T Andndk b 28 5230 42 R R 9 i 40 PUABE K o7 vA SR 0 AL A5 3hid
Z, EALR 4Bt E o OpenFlow AL G 3T b4 B 28§ v 00

KHER: MR LN % WiFi;OpenFlow;# 2012 ;b it 2E
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Design and Implementation of Software Defined Mobile Communication for Campus WiFi
Networks

WU Jun-Qing, CHEN Ming, HU Chao, ZHANG Guo-Min

(School of Command Information System, PLA University of Science and Technology, Nanjing 210007, China)

Abstract: Some problems exist in current WiFi campus networks, such as limited range of mobile communication, limited host network
configuration. Many approaches have been proposed to introduce programmability in wireless networks, and all these systems require
special software or hardware in the access point, which raises the issues of practicality. Aiming at single-hop infrastructured network, a
solution of software defined mobile communication is proposed for campus WiFi networks, in which mobile hosts can access with free
configuration and communicate in high mobility. In this architecture, OpenFlow network is chosen as network infrasture and commercial
access points connect to OpenFlow switch directly. The controller is responsible for downloading flowitems containing mobile location,
providing mobiles with name-based routing and adjusting reverse path actively for all traffic. A prototype has been implemented and
experiments are carried out about mobile communication, in which the performance is measured and analyzed under different
configurations. Experimental results show that mobile hosts can achieve mobile communication and the handover delay is not influenced
by network configuration for mobile hosts and performance of OpenFlow switch.

Key words: software-defined network; WiFi; OpenFlow; mobile communication; handover delay
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A M % U5 ) T 2 B NUUWAFT AR T 55 70 R B, 5 A0 S A S TR A D 0% 2 ) i 81 o 3 4 4 1 AL
Y LR A [l X9 A 3 ) AT R 2 T s 5 N T IR — AN BOR O BLTCP/IP R DR 3 4 10 i 4
T B A S F G 5 EHLR R R 10 W S B U145 AP o S8 TE B 160 40 4 36 o 224 i e R T B I A 4% i 110
TG 28 JR 3 O B B R A LI R 2 AN LA AP BLE DHCP RS W3 LA B4 BC 1P Hhhil.
ZT R BRI T B3 LN (R NS R BRI B 2l A5 LIRS 3 3E R FRAE 5> AP
VN W R BT OCERI AP AR R B B L6 2048 BT TP b bk, DA BT DL TP b bk A 15 04 AR R
i) TCP 4.

IR 7 ZE R PR T TCP/IP P UCHE B2, i WM S0 1) JIR 55 0 5 2 75 22 9 & TR I ] s L., 3201 TP ik
FRAHT TR FORR TR IR E B 4, NS A A% B A5 1) 4L ZESK L IR, T WFT $8 N B 2% 1) S B i, etk — P =2
FE 33045 1) J0 2 9 48 B S — AME AT FU IR H b 3K A 58 X 4L W (software-defined networking, { X SDN)&—
Tl (0 28 0 7 2, 3 3 LAV b B 1 23 21 % & 4551 OpenFlow B2 SDN {345 bvfE 2 —, 7T LA IR % Fh 2y
A H s E A P

ASCI B AR ET 0 e X TC 22 R, 2 T SDN 1 vl 0 25 3244, oA 7% B 2 WLA2 £ B iC 1 4 N RN Byl A =
R B S0 0 EHUAE G e R AT BE R REAS 1B T B LR L T 5T R M LAE RS SIS el (R E T AN P B R
oA AL R R BRI U2 W 22 AR SCER 1 R A DG 9T 28 2 4R H—F 5L T OpenFlow [f) WiFi £ M
i 3 I R A — S S B A 2 4 AL SR R G 0 S R AT S U0 E R R S TSI IR R
— D TR

1 BXITERS

WiFi TAEAEARVF T F TG 26 A%, AT A% 0 AR 5 380 23 647 11 Ganapati 55 A 32 H T 25T WiFi SR SLHL L2
IR ELE JE A HT T AR SCH B, Chen 25 A4 BT T S0AIE ) L 32 HH T WiFi A1 WiMax R A 41 B
(MICEE R 5 )5 ) Pang 26 A4RH T —Fh WiFi 82 A 0 (R E 20k #% )57, L WiFi-Reports 4% AL HE AP [13% 82
HORIE e A 5, AT 48 B8 3 =ML SO (3 6100 TR 5 v 38 35 1 TCP/IP B4 I, WiFi 47 5t LA G2k 7 35 B
B Ja — B OR BRI )2 N B ) EHLTE B R B AN TP bR SR R AR T R TP Huk, 1
REE B AN N R I B 55 Y0 T 9 S I 3l £

SDN REAZ ALy i 53 15 Ay 4 11~ T80 A0 6 6P T, Eb 42 1 25 42 1 4 b 2 12 5 458 ). OpenFlow J& SDN & X
R 1 % 11, BT AR A e 4 AU 3 T T S L RIS H SDINJH T 6 2k 41 Mt A5 AS b i 97 H: v Bansal 45
ANHEH T OpenRadio, {ff 1 1 4 it 3 2% 5 ik 77 % 28 ¥ 8 78 AN 05 AP AT 2 63 7 1) 4 5 52 5. Gudipati 4%
NEEXT TG E U 7] P 4% (radio access network, i #% RAN)H A5 i %% Y5 1) 73 e ) A 5& tH T SoftRAN 4 3 A X 5k
P 22 A BE 0 5 — KB AUh — AN KA AP, FR 2 4% 08 22 AN Sk 2 11 8 — 43 e ARURS 9% 9050, AN 1T 61 A A3 3% % 905 ) A
%R Schulz-Zander 25 A3 T 87 B2 008 X\ 45 (light virtual access point, fii#k LVAP), 3L T LVAP ¥ it T
BE A Odint ' LA S sl i LVAP SE 130 5688 8 HLRT AP (0 G JEL, 42 b 3 6 5 45— R JSE T 4
Bt LVAP.iZ 7 58 A 16 250 802, 11 R85 Hp i3, SC e e 28 O AT (0l 45 280ty LI B 9 4 v A AP J2 IR 6 2 N 4231
T3, HOAR &K AP Ty 6 43 i Ay 428 1~ TR 5040 1 1T, D B (1 TG 2 190 44 T 11 i 1 4 11 3L ) S 5 BEAE AP BT
R T IR AR AT 10350 AP UL &b, 45 1 8% 75 22 A I B 3R #% 1RT OpenFlow, 74 fit S5 B0 4 it ' 2 A\ R
®ah s,

OpenFlow ELARANAREVCHAC WiFi Hd ol (H & 70 W9 2% J 4 A0 1 DUIAT AR JBE 1) e 47 ol o 1 Bk A7 et 11
P 2% 0y L B I A 5 BEE UL EE T B (R OpenFlow ML T LA SZELEE T 4% Bk (0 % b, 0 /8 4 i ML)
B LR S EHLAEY T Eh U Bt N LR B8 AP 9 OpenFlow 1% 4% BIVTT O 7 5 2 WL (3t 0 1ic 7 %
NFE B 1.
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2 RGRITHLE

2.1 RGAM

AT I WiFi M 2855 4 FC-WiFi(WiFi network with configuration free), H: 41 (W J7 ik 41 R :

(1) W% % it £ OpenFlow % 4% 382841 & 18 SEAHIE 1) OpenFlow A8 e AL 2 il 2k 4 5%, 350 28 4 1l 4% 42+
OpenFlow A2 ##1..

(2) MG N WiFT BRI B 5 A 55 0 A5 3 [, PR 3 B — e R M E N AU AP AP B
YA e Lo 1, 0 8% 3 LWL TR e 4 .

(3) P8 55 s AH MR 55 45 FL 4% 5 OpenFlow A2 e HLAR i

#1451 T —/> FC-WiFi [ &0 & 7], H b A5 12 C. OpenFlow ZZ4#l OFS, A 51 AP, AR5 4%

S A A5 LML MH HF 7 kn=1,2,.

o AR CHREEFF S OpenFloW TG D e, 447 i S AR (U8 T, IS4 MAC ik,
TE PR VST B, 4E 47 W 48 40 F AN S AR 6 b 4

e OpenFlow &Ml OF SR AR5 K2 43 41, B R VUL 43 2H % k28 4 il 2%

o RN APARAE WiFi B2\ BCE SSID Aiinas 7 L N F

o BB MHIBATHT Socket [ 4% N, 2447 76 U1 ) 4% o 1 0 28 I . >4 WL B E AR [ AP 2
F] D) 48 s, BT T45 5 5% B 2RI GG 11 AP Bl A 107 ORI IEAS 4P

o RS2 S H A AET AN IP Huht R T Socket /A HE k45,5 OpenFlow A2 e/l B ik £z

) ( /‘ (@)
Alé\OFS Server Controller (c S/é“

"""" ()

OFS, i, — OFS, AP,
B/(é) % (E)VWQ%
Py, AP, AP, AP,,
MH, MH, MH,,
Mobile Host

Fig.1 Illustration of components in FC-WiFi
K1 FC-WiFi 4l sin il

YR BN MH, 54 As S AL o th I H R R B 52 B HIAE C IS Y MH, SRIK AP, JEEEAM
% J5 ,MH, %Hﬁ%%&ﬂ’]i@%’%%&iéﬂi& OpenFlow ZZ AL OFS,.OFS, Joi%4 o5 it IR UC e, 3 v 4 i) 4 5
Z A SR AT 28 55 ) MH, 50y J5 I C B AR B R0 3 B I 24 /0 A B (U048 OF ST 1ty L1 1); 3% i 28 1H 5
MH, B3k S % 5, A HAL OFS, Fl OFS; N R AR MK MH, 5 S Getf st 37 N FH - AT A5

2.2 FC-WiFidy T1E/RIE

Sy T AR WU (3 AR o 0T FC-WAFT 712 52 IR 1 UG 3 0 Ay 00 S, A R4 i 7 AE 44 1)
Bk B e, AW 110 2 b S A6 0 R A8 T T 26 A 0 T 46 BRI i B LEEL AR U A 28 LR 2011 ) 4
pLEn.
2.2.1 FETARRMIEERHLEL

H T HEATIRA VS, BT T A1 E X

TE X V(N FERE App). B3I EHL MH 5% 4 S Z N H i (348, nT R A

App; ={IP,,,, Port,,; ,IP;, Porty} (D)
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FEr TP 3R LI 55 4% (1 1P Mk Port 7R AL s 55 & _Eas 4T B AR 3 115 — DM E T Socket IF & IR
IR DR FFIE A TP T I RS2 21X 4 TTA A .
EX 2B AR flow;). — 4 BA AR & HIEHEN > HEEG ARRETRH i 10734751
KT OpenFlow HMSCHIE, A8 AL AT LLUZ IR A N )R L 3 WL MH Ji%k 2RS35 S 1R L.
flow = {InPort, MAC,,, ,MACy,IP,,, ,Port,,, ,IP;, Port} 2)
b InPort R FHUAEAS WML E N L 0, MAC F£7n FHLEURS 231 MAC il X PIAN el 5 N H &S § 6
R, oAt aL 5 R (D).
EX 3FENGLE loc). FHUIENUET WL AT bl LL &A% )35 il AR id
loc, = {Dpid ,Inport} 3)
Hrp Dpid %75 = HUFTi&EF: OpenFlow A ALK ME— bR IRAT, InPort & LA F.
EX A(BR1Z Path). [N 3) EHL MH, 50554 S 2 0] % (bl i (K38 25, ol b id 4
path := {(InPort,;, Dpid,,OutPort,),...,(InPort,, Dpid, ,OutPort,)} 4)
A% 1 — 21 A B A LR TS 4 A B AR TR S T8 2 A RS e L DL BT L R A N e R s e 1 O
™, OutPort; 7= %5 i A~ OpenFlow AC LI i 3 1, Dpid K Inport 3% XA L g8 4% Path ] LA th £ H &5 9 8
HIAREER 12_mulei T3 3045 X007 () MAC HuHEA & AZARYERE T BT THLE) MAC bk R A7 & i s 22, F
PP T BEF A HUAT A AR 0 % PR AT
Xf L (DA (2), % FC-WiFL 1 & 3 ENLIT 5, 3L BT BLEAT 2 AN W) (0 52 R B 3 =L AT BU 3L
MAC $ihik AR, Ha 58 L3 R 4 AT 50, 0 I Y A s = AL 2 T ) S A28t 2 i o 00 R s, 2 SRATE ] MAALC ik AR
FHLA T, Bk B A v S R PR R B T 4 o 10 B e R R T HAX R AL T 424 1 6 B 40 2 OpenFlow I 4%
B ELAT ARRAE, BIY B 42 ) 2R AR A 2 0 G 7 o R ALY 1P Hudik 2 5 R, TE 1R % B ENLE SR 8 T A 5 S
Do 23 Sl N N FH SZE B (1 R R TG 7 8 H L B RIS 30 LN AT A S T 3 ).
22.2 ENFS R TIEALEL
2 AL FC-WiFi "R BN I, 4 (R AFEIE A AN v I, AL 0 J0 N — Nt AP Y)#e 3] 5 — /Nl AP.IP 9 2%
TP ENLIE A socket SEHL AR IRAFIE T IP ik A O 5 SCHUER EHLEAE T IP ik, B AE R Gies B3]
LR YT S TR IE R AN R ST TCP I3, 0 A 240 o5 e B 5 20 8 1N 2% 1 SR TE € I 38 B < ik A
A 43R [B] AR 280 23 BROA Y IS HE CUR R RN 21 Rk, B 3 F MR EE TCP IR o W7 1K 42 2 AN g
TEAE T (1) TP Hbbil 75 5 I 24 21 35 2 Wi i A 15 B AT
ARRGFKINTT R R (1) AR E SRS OA 1P k25 5,2) Fhgs )% &R R £
T o, SE RN BAL RS sl N TAE EHL— B R BB 8, AR BUR ITE BN E A flowyy RN
T E ENL MH R RS S B AR R flows Kon S RAE MH BIHAR R, 58 X530l = (5) R (6) i 7 A 1
AR MH AT 830,00 flowyy BB 25 048 35T OpenFlow 130448 il 4 45 WSe 3 A8 49 LA A2 143 3t 43 4, A
T SE IR 2 ) i PR RS 5l <A DR ke, 2L B VAt 3PP B 5 i N3 1] (InPort) 5 JE 45 10 i B v S ISR N S 5 1)
e [7] I ST 4 B AR DT ) DUR AR
flow,,; = {InPort,,, ,IP,, , Port,, ,IP;, Portg} %)
flowg == {InPort,,IP, Port,,IP,,, ,Port,,, } (6)
FLUR, B R0 AF R AR TCP A5 Ay XA A5, 8 80 5 R R 55 4 VAL 75 2 1E A 3 (] S i 55 4 1) A7 B2 DR AN
T 35 [R1 38 ) A YR A 23 AR A, TR] b, 428 o] 4% 5 2 32 ) U 48 IR 45 44 VA 1) 30 [ B A 42 o 4% 70 8 0 B A% ) <A 2o 7
oha] DLAR RS 8l R 24 B A7 DL S 7 AR AR B IR 12_mudei B0 S5 05X (4) B s B8 A B A2 00
TR 8 B A%, W] DB A W (7) 7 (R 308 [m] @42 R ke, — ELUR AR RS Bl D) 4 458 T 48 550 T LS IR I A0 A A 0
TR A5 N H U IR 4k 23 AT R AR A4
path = {(OutPort,,Dpid, ,InPort,),...,(OutPort,, Dpid,, InPort,)} 7

© TEBREEEEIEDT  htp/ www. jos. org. cn



2EF £ BR WiFi R FTHRE S FHEZ 0%t 5 £ 39

3 RELW

MY 2 W IR R G5 K, Fe Al 18t BL T FC-WiFi J B R 48N 10 5 AUHS i A i e g R
3.1 IPH AR

P25 A AT E A b R TP 43 20, 1) 58 (A (0 e AR O T AR GV AR TLIP 43 4 Ab B R ] 2 o, Hovh,
MACpsr R 1P 2 4ALE 1) H b MAC P psr 378 B AR IPMACypyw ARRIZ JR IPpgr B TR MAC 15 B 2EA A
R T.

o BN WARALEE 1 ATRIE 2 AT AT HAR IP bR P9 A W1 3] MAC S (MACyew). TR
MACps==MAC gy, WA X5 J& TR —A IP F P75 g T A F W IP 7 M.
o AT PIALIR, AR ES 3 ATANES 4 4T X T[] — A IP - B N I TP 3 20 455 4% R e APLL A H 35
AN RS T B S AR IR RO TR I 3 2 0L
o ANFF WAL AR EE 5 AT~E8 9 AT W R AS XU AN & TR — AN TP W 458 i 4 5 0K 43 41 1) H A
MAC WE N MACypy. B vt 55 B8 AR I 1) AH OGS B S 22 0, ML A0 75 ZEAT. 455 1) OpenFlow
ACHFNL_ LS N E B AS R A
Input: IPpst, IPsrc, MACpst, MACsgc.
Output: installing the flow table in switches.
1. MACygw<—ip_map.get(IPps)
2. if (MACyenw==MACpy): //belong to same subnet
3. invoke 12 multilMACpsr,MACsgc); //calculating the shortest path
4. installs the flow table in switches;
5. else //belong to different subnet
6. invoke I2_multi(MACygw, MACsgc);
7.  installs the flow table in switches;
8
9
2

modify destination MAC at last switch
. end if
Fig Algorithm description for procession IP packets in controller
Bl 2 il e ol 1P 741 A B ) S A
3.2 ARPHHALIE

Fri T 2 A 200 1T i I8 I AL B ARP 30, AT £~ 32 2)) = HLR 3% TP 43214 OpenFlow L1 ARP 1 302 %5
B L0, 3 E NN FC-WiFi Ja, 15 5643 K% # ARP, LA IR AL 1P ik (i — Pk 75 R 2% 1P 434 2
L8 EPLS RIL AU ARP,LUREU N —Bk MAC HuhE%5 34 88 TP B0 W RS sh EHLRIR S 28 8 T/ — 1P T
M, N1 AR5 1 MAC Hubil; 75 W), 88 20 = A1 25 d BRIA W DG MAC bk BRI 428 sl 2% v Re s 21 H b
TP Hu bl ANAEAE ) ARP £ 4R 3C.

K ZRG UL MAC HiUhbE Ny E AR IR 7E 73 4% O R b i S AR 4 TP Mk 5 9f0 3 MAC bk, % 1P Hiik A
TEAER) ARP B3R S0 7 4% ELRGR [l —AMEE I MAC Hu ik, DA & 32 5 BE s 4k 48 326 23 2. o kb 32 ol 8 ot
ARP S ACFR AN 6 F T 4% ARPJIWE 1P HuhkoF I 2% Hp 2 55 47 76 25 4726, R 0] S 4 7 6 F- 25 18). ARP,
[ H FR IP X R 1 MAC Hiudil; an S H Az IP A AEFE, R B 2 MAC Hihilk.

3.3 BahEHI®RAP

WiFi 8 1G 802.11 Ak, % 8 EHLF AP 2 (Al EHL MAC F1 BSSID A iREEAT Ik L 41 BSSID /& 4P T
TE IR MRS LA AR IR — B 5 AP # XTE B 3 ML 2 K36 A 75 L BSSID (1040 i, 4 P e 2 45040 o J 312 ]
ACK CAZERF ML OCIE A BT G e AP (915 5 80 B2 R A2 T P B30 0, LA S B R OG0B ¥ AP.A T 384
W 9 ] P S B30 45 B 3 L S Sh U e 3038 24 1) AP.FC-WiFi S B =303 07 %8 2 A0 B an T i
A R B TR SRR R N — A AP BN AL
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HEBE LN YER: — ik AP RS R, UL 4% 4 SSID R 51,10 s I 1) A5 5 98 B AR SR A 8 26, EALA
W QAR RE Ss)H L AT E N 5 AP, LA SSID SR 530 A5 5 B 40 BIFEAS AP (K015 5 50 5 Fr s 1 o,
FoRENEAEEENT 1% AP, V5% AP FIARTHTEEN AP (W15 5 50 5 25 0. 00 S 1% 22 55 B3 A A, 2 3 WL
FEBRER % AP.
4  FTIGFAIEAE

TATVAE WiFi TTEIAEE N9 T FC-WiFi JR B R 48, 38T T — RSB shill (5 5288, AT T RAEN
AT S . PN G A B TR bR
4.1 SLIRIREE

Controller C T B AERE T A4 BRER R FC-WiFi HLI ) )

L {5 PE R AT R AR 22 T 1P 3 B R 1)) FC-WFs

(B)\ ors, ors, 29 5 85,36 0 5 OpenFlow Bl 2 #bL 2 £
Te— 2 Q@ &g VEEARM SONAP ZRHL 1 . Ciso 47

/@« ) " S [l AIR-AP1151A A 5 £, POX #5615 1 4
& <> \A 10.160.153 Al Linux FHl 2 & AR RS 3 | 6.2 & OpenFlow
o1 AP WAL WL OFS,,OFS; ¥ 34T openflow-1.0.0
BAER) Linux PC.X 46 PC KT i5-3470CPU, L 4%
Fig.3 Illustration of FC-WiFi experimental enviroment % 32GHZ 7N 4GB 4 30 T-JE LA M.
K3 FC-WiFi ) S50 M 45 AL B B ) P BT T pox-carp NRAS, 555 bl 2 il i

W N 7 R HE T Ml 192.168.1.0/24,Server F1 MH, J& T 1™ 10.10.10.0/24, MH, J& T ™ 10.16.0.0/8.

42 BHENEEREEAN

AL B SR B E NG AP J5, 58S S L B V7 1) FC-WiFi #1055 4% 2 Y. 1 5, Server I8 4T iperf
1) R 25 2 A 3 e A LU WT 3 11 10086,28 Ji5 7E 8 30 =L MH, K1 MH, 53 EAT iperf W% 5, 0F 3 ahi& 4 I 55
=4 TCP it & AE Sl B B NI FE v MH, 53 3R APy Tl APy, MH, 53 ) R AP; Fll AP, I8 4(2) 2 1E 4 Fil
AR SRERAE B, MH, F1 MH, U 13 2 55 2% 5 1) A7 A 5 e A Ak 1

10.10.10.18
10.10.10.1  zp,

20 . T T 2500
I ~(> MH2-AP2
2000 !
- 3 MH2-AP3
= 2 [
=3 13 ) ﬁ— MH2-AP4
= < 1500y
510 - MHI-AP2 = “‘ MH2-AP5
z
é -O- MH2-AP3 S 1000/}
3
2 -/A MH2-AP4 &
st 1 N
MHI-API s00 9
Fay
4N A A A
o L_SARAAL DDA NDRONLD NN o .
5 10 15 20 5 10 15 20
Time (Sec) Time (Sec)
(a) Bandwidth between server and mobile (b) Bandwidth between mobiles

Fig.4 Available bandwidth when association to different access points

4 SRERANIF N S I n A o
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B2 AR R E B KRR AP J5 e S ML PHIR L S g S R MH, KR AP, JFIZAT iperf f5
A U 1 10086,58 5 /& MH, RN 55 R84 iperf $54, E30EE MH, () 10086 I 1. 525 MH, 4 k%
PEHEN S:AP), AP, APy F1 APs. ] 4(b) IR T 75 Bl B NG LR ,MH, i ) MH, B (18] i+ 58 2840 .

BB EHLYT R IR 55 2% I A MH | -AP, FI MH,-AP; (1550 8,26 7 ] F 5 834 T I8 15Mbps, i #£ MH,-AP,
I MH,-AP, I OLUT % 7 KBS 31 700kbps (0] F A7 58 4 U5 W 3)) 0L MH, I AN MH, B EEMEAS N R
AT JH M5 55 4 FF7E 4 700kbps 28 47 . H J5 PRI 7E T+, OpenFlow A2 AL Ak 3 GE ) A7 7F 25 5 SRl A B A2 A R
Fl OpenVSwitch ] SDNAP,JUI 7] H 45 % AT 35 15Mb/s; W1 3l 15 6 12 _EH OpenFlow #4428 #e L, W) mT FH 45 58
4 700kbps.

ANGE B B ML FC-WiFi B, 45 AME B E AL ROR L A5 B0, m LA ) i 45 4% B2 05, A n] LA itk S o
ERSSE NSRS I ki i e &8
4.3 BEINEH VIR TR E 0

4.3.1 VI ZE M 5y %

D) 45 N A 1 520 B R R RS RIS AT iperf I MEWTAE B G 0 B 5 EHLIEAT iperf I 5 R4S AL E
$z FLILERE B E WL —AS AP 0] 55— A AP VI A K8 8l EHLY) e AP35 5 2 3% 90 1) ARP #3043 41 V) e ok
T2 o 1 FE S B Z i R

1) I FF 463 1 21, B0 U 486 i 2 3% 85 J5 — > TCP 43 2 (¥ B 1] 4.

2) W32 5 D e I 1, 1% 0 2 58 R IR AP, R % ARP B i) 43 21 J5 S5 A N

3) ki J2 B IS 1, ZIC B ARP W R JE R 2% TCP SYN 44

4) P45 5E B 2% 1 2 R 45w IR [B1 1) TCP ACK W25 4341

BT Bk @ v Ui s E AU 4P T EEAAY I BT AT (total-delay ), H 3 — 208 F0 R 43 S ) L B 4
(physical handover). %% )2 I E(ARP-response)fl 1P JZ 4 i I 4E (IP-routing). £ % 2l EHLIZ 1T Wireshark {73k
BT A8 HARSC X trace SCHFREAT 23 4 J5 v 55 U0 4 Iof € R L4 k.

4.3.2 DI 58 P 053 B

B3 AN 2 S e I AE X PR FE S 1 % B 1K 5 . 1 58, Server 1BT iperf $i5 4 IEWT 10086 iy L1, 5 EHLiE
17 iperf 5414 %5 35, R 184T Wireshark F2J7IMHUEAE 47 4. MH, ik#% AP\-AP»-AP;-AP-APs W% 26
B, MH, ¥t APs-APy-APs-APy-AP, WIH LR R A8 45 AP U143 J 38 A2 7] (inter-switch) FZE e AL P 36
(intra-switch) B3 A S 1Y, 43 Jll 1 B3 A48 44 IR 4 AR I 428 4 .

TR T ZHLDIBIEN AP W A0 T S 5 56 45 0] S0, 38 A U1 3 I SE 38 48 1 020ms A2 47 % 148
L2 00 1 AP )45, 48 B S A W B 088 (% A 32300 vy ] 601, 7 2 AL 0 ) 488 T R AP (1 3% B 1 T X 1))
9 1N S 5 WAL /N AE D) 45 BT A0 (1) A2 B A B DA I S T o B A9 e v, 1% I S B AN FR 8 E 910ms, Jie % /2
923ms. HE 4 2 1 ARP I 4 (5 Eb e /S, i% N T #AE 54ms DLALIP 2 B th I S JL AR FSUE 48 T0ms PiHE . 252
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Table 1 Statistics and analysis for handover delay (ms)
R 1 DRI SER G A2 A (ms)
Intra-Switch (min/avg./max) Inter-Switch (min/avg./max)
Total-Delay 1010.1/1020.7/1070.9 1010.9/1030.4/1140.4
Physical-Handover 901.1/914.3/920.9 904.3/914.3/923.7
ARP-Response 31.1/44.5/50.9 33.1/45.7/54.3
IP-Routing 63.3/70.8/73.9 63.7/72.3/73.8

/NEFC-WiFi A 8 AR M T B 3l (5 S B 3 TN AT LAAE DT e AP I RFFELA TCP JERA T W &
) T LR 199 2% K R OpenFlow A2 4 L BE XS U i I 3 5 i 4R /)8
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LW 4%, B 3 EHL IR AN AP M5 5 SRR 8 B R Bk A O B D14 I 45 e N e AN T RAEF T LA
TCP/IP % 3iiy RNV 5% 7 SRHEAT T 4 [T A B2 104 5 SR SR 25 7 g 320 1P b ik, 9 76 4 199 90 Bl A S RS 2 il
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S8 AR OGN B S 30, 060 V) e ) 4 (%) B AR A b AT 1 o3 A f g ik

T I ) R A, P % 5 i U 1 Ay el IX IR, 7 B 92 o 988 1 A R 5 T 9 SEEIAS B). F — 2K T T ) 4 TR i )
1) G0, 0 B N 7 22,30 I 22 AN 4RI 38 2 Tl 18 B4R S IR i 28R R0 G TE L IR A% s N AT, A T R TR v R 4 R N
IR BN AT 0] R, B A BT R S 45 TR & F Al i, T — AR XA 7 T BEAT A5

References:
[1] Bennis M, Simsek M, Czylwik A, Saad W, Valentin S, Debbah M. When cellular meets WiFi in wireless small cell networks. IEEE
Communications Magazine, 2013,51(6):44-50.
[2] Lantz B, Heller B, McKeown N. A network in a laptop: Rapid prototyping for software-defined networks. In: Proc. of the 9th ACM
SIGCOMM Workshop on Hot Topics in Networks. ACM, 2010.
[3] McKeown N, Anderson T, Balakrishnan H, Parulkar G, Peterson L, Rexford J, Shenker S, Turner J. OpenFlow: Enabling
innovation in campus networks. ACM SIGCOMM Computer Communication Review, 2008,38(2):69-74.
[4] Ganapati S, Schoepp CF. The wireless city. Int’l Journal of Electronic Government Research, 2008,4(4):554-568.
[5] Chen YT. Achieve user authentication and seamless connectivity on WiFi and Wimax interworked wireless city. In: Proc. of the
IFIP Int’l Conf. on Wireless and Optical Communications Networks (WOCN 2007). IEEE, 2007.
[6] Pang J, Greenstein B, Kaminsky M, McCoy D, Seshan S. Wifi-Reports: Improving wireless network selection with collaboration.
IEEE Trans. on Mobile Computing, 2010,9(12):1713-1731.
[7] Bansal M, Mehlman J, Katti S, Levis P. Openradio: A programmable wireless dataplane. In: Proc. of the Ist Workshop on Hot
Topics in Software Defined Networks. ACM, 2012. 109-114.
[8] Gudipati A, Perry D, Li LE, Katti S. SoftRAN: Software defined radio access network. In: Proc. of the 2nd ACM SIGCOMM
Workshop on Hot Topics in Software Defined Networking. ACM, 2013. 25-30.
[9] Suresh L, Schulz-Zander J, Merz R, Feldmann A, Vazao T. Towards programmable enterprise WLANS with Odin. In: Proc. of the
1st Workshop on Hot Topics in Software Defined Networks. ACM, 2012. 115-120.
[10] Schulz-Zander J, Suresh L, Sarrar N, Feldmann A, Hithn T, Merz R. Programmatic orchestration of wifi networks. In: Proc. of the

2014 USENIX Annual Technical Conf. (USENIX ATC 2014). USENIX Association, 2014.

REF1979—), 5 Wiy A LA,
YT, 32 ST 57 A0 A ) 404 2 B 0 2
P 2% .

BRRS (1956 —), U3, 10 -1, 2082, 1] 1 26 301l
CCF 74 b, B 500U P
S, 25 0, D90 2% 45 38 SDNN.

EAB(1984—), 5, 11 PRIF,CCF Lk &
By, 2 BERIE A Ay o A 2 B e
T

A E (1979 —), T, 1 b, Yk T, 1 T 5
AR Ay 194 4 B A3 A 15

© HFBIERAIEIFIDN  hipsswww. jos. org. en




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [3600 3600]
  /PageSize [612.000 792.000]
>> setpagedevice




