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A Method Using Multipath over SDN for Improving GridFTP Transfer

Huanc CHE1®  TcHikawa Kougrf2:P)

Abstract: A large amount of scientific data needs to be transferred from one site to another as fast as pos-
sible in the computational science field. High-speed data transfer between sites is very important, especially
in the Grid computing field; GridFTP has been widely used for bulk data transfer over wide area network.
GridFTP achieves greater performance by supporting parallel TCP streams. Using parallel TCP streams
improves the throughput of slow-start algorithm and lossy network even on a single path. This research
proposes a traffic engineering technique that increases the data transfer performance by using multiple paths
simultaneously for the parallel TCP streams. For the purpose, we use Software-Defined Network (SDN)
technology and its implementation, OpenFlow. This paper presents the design and implementation of the
proposed system and describes the results of the performance evaluation.

Keywords: SDN, OpenFlow, GridFTP, multipath, data transfer

1. [FC®IC
T BUE, RIRHE RFRFEBEHE F R G SR 7 K N N N e JLE 2
Presently with Pure and Applied Sciences Graduate School TROE Y77 ?H#{Jﬁfbi: REEDT =5 DILERA L,
of Education Osaka Kyoiku University Lo TWD., B TIREHEEOERICHE, TV
+2 i B S o o | gl =S o ey A = 0 S Y g
Presently with Graduate School of Information Science, ) )
Nara Institute of Science and Technology £72, 4 BOEBENRILERFICBNTE, 7 —F D4R
a) - 1 ] =SB ol S Y -
, 139610@ex.osakakyoiku.ac.jp L ENENHT BRSO OMRICER SD = LT
ichikawa@is.naist.jp
© 2014 Information Processing Society of Japan 1



BFRLEZHRIRE
IPSJ SIG Technical Report

72, KEMEZ2T — 2 % 3 Dm0 b B2 s & L i
BT 5L BEBOY— 2L LTROLATNS [1].

Bz, 70y Rarva—7 07 On8 T, WA
O EET — Z R I T AMENEATHY, BEE T
IZ GridFTP & W) EifET — HBRED T2 DD AT LA
FEENTWS. GridFTP 127V v Karv Ba—F 47
ZEBTLHI NLT =T ThD Globus Toolkit [2] DHF D
—ODaVR—F L b ELTEESRTEY, Kb
NTW5. BAETIHE, Globus Online & FE{EIL % SaaS B
e (Software as a Service) DT —H kI —E AL LTH
GridFTP TV S i1, BEEEtEIC sV THE RS
B RELTHS [3).

GridFTP 13d 2 #L.SRICRIT 5 F — X iRk ICEHE O
TCP A bV — AT 257 — 2k FXEFRA L,
EHbEERL TS, TCP AR —RA X — MLV iF
BAEZSZ2VEICHEI L TWah 2w, WiERAE%
SRR Y RO A AR/ EL, A—T v b3 <
WIEmE <R bR, Elz, Nry br AR3E4 LRI
b, AN—Ty bRTLORBICED £ TR ZET 5.
GridFTP O#% TCP A b U — A X 58T — & fxik
WX, RIRHCEE DO a3 v a U E2RD Z LT, —ERRBN
WCAN—T hEEDDHZE TIREREDMN LXK - T
W5,

GridFTP x4 & 7 2R 7 — # @i Tk, @%, L
S ZESERO R v P U= 7R (L F/R) BEE
T5. 72720, GridFTP (2 X 282 TCP A b U — Al
WD IP BREBERICHE > TA—TFT 4 7 END T, A
ZIEE DEEER KO T O — > DEFRBE DI % AV TlfE
SN, 7TFVr—varbA Y TEITEND GridFTP
MHIXZ DX I 2%y T =7 LA Y ORI S 2 iz
T 2HEERL, BEREEZFMFCFRHTE T 7 0 v 0
TV =T VT EEBT S 2 LIk AMERER B KA
RKELELTND.

—J5T, #4E, SDN (Software-Defined Network) & FEE
N5, Y7 77 TRy hU—27 O - BifEZBIAYIC
HIE4 A EE SNBAD TV A, SDN I, §Esk, R v
NT—27 24 FROSHET A TY XL TRISN TN
BREHIEICT L, e I<TFry hU—27 LI l&
ZEAL, Y7 hU =T bEIRICRRIKERIN 2 G AT e 70
T =7 OFEBEFHHFELTNS. L7z -T, SDNIZ
LoTT 7V r—varbAYNL0ERITLNLT, Xy
NU—7 LA ¥ ORI ZBINIT 2 5 FEDENOOH 5.

AWFFETIE, ZO XD RBUREEZ, GridFTP AW
L85 TCP A MY — A X 257 — #inik%, SDN £
TR AAY N AP S e gy S IV A B SR £ - {0
T MU= REEIZBL, T HmEEEOm x5
Bl bV AT LERETH. BEMIZIE, Open Network-
ing Foundation [4](ONF) {2 & > T, #H(L238ED 54T

© 2014 Information Processing Society of Japan

Vol.2014-HPC-145 No.1
2014/7/28

V2% OpenFlow [5] &9 SDN % FEH T 5l 2 H,
GridFTP L L CEMET 2% FU— 2l 27 A
AR T 5.
AREORRKIE, LLTo@EY ThbH. 2H THE, GridFTP
O EEALIC BE#E T 2 BRI W CHB T %, 3. 8T
1, Tz BHET 5 OpenFlow % FHV 7= SDN HAffic L5
<N F 2% O GridFTP O F — & fndk it FiE%
FHT S, 4TI, BEY AT LAOFMEERIC OV TR
R, RVAT LAOFEICE L TR 5. 5 HITIE, KN
XOFEDEZNDIDOFBEIZHONTIARS.

2. BAEMR

ARETIE, BUEE TICRY M ENTE 72 GridFTP 128
J %7 — Z Rk mEmdE b B DA EIC OV TR RS,

Kissel 53 Internet2 72 & OISR v b U — 7 3k
T 5% v h U —2 (DCN: Dynamic Circuit Network)
BEAT 5720, FicickyvariAvorse bark
~N—2 & L7z Phoebus % L, GridFTP 2>5FH rlae
IZ L7 [6]. Phoebus idkEy v arbA¥vora haro
H*&IZ TCP R UDT 72 EEE DR/ D T o AR—F L
A D71 b anzfE~nT 5 Phoebus Gateways (PGs)
BRRHEL, REICT — X ERHE A UE ARy F T —
U VAT DO T Y =3 a AR LI L TV .

%72, Dan HITETHRO Kissel & OWFFEAFE X &, Open-
Flow {2 &% SDN #ffiZFfIH L T, kKD IP X—AD
{5, Phoebus DT 2% v b U — 7 B
NDDI (Network Development and Deployment Initiative)
D OS3E M#Eftd4 5 #8% LI GridFTP ofE% TCP % k
J—2O@BEEFV YU THILTT— X BEEEDM L%
KHA DV AT LEHE LI [7). NDDI/OS’E (£ NDDI
PHEEET 5 OpenFlow HFREIFR EIZEIIZ LA 7 2 XK %
ERT 20— R &84 5.

Kissel & ®OMF7EiL Internet2 @ DCN 2323 5 mik 7
FI#RR, €O LETOEBO T AR— T r bark
FIHATREIC LTV 5 AU BLER IRV AY, DCN 23§ 5
Internet2 ORI IZB L TIX T AT & L0 SR HIE
T 5 HEIEe V. Lo T, GridFTP O#% TCP A
M —=2DZENENEZEDL S BRETNA—T 17T 5
PEGIET 5 RIS TR, Dan HOBFET
% NDDI/OS3E (2 & % OpenFlow &> bV —7 EIZH1T
LAY 23y P ZFALTNDEN, RF—E 2R
% Internet2 @ DCN & [E4R, BRI IR T D550
D, = OREEHIEIX NDDI/OSPE WICBA L T 5. D7z
», Dan 5D 27 AL NDDI/OS3E (2 L » THER S H
T [EIRRRC TP @15 # 72 SR AT RE 22 R B8 GridFTP D1
BTCP A NV —L%2E VY THOART, LEEESEA
A v F LOREEMOIZHIET 5 H DO TIE7R .

LinLenn, 77V r—varbA YOEREZNIZ



BFRLEZHRIRE
IPSJ SIG Technical Report

Switch — Switch

TCP Stream1
TCP Stream2

—i Switch H Switch i—

TCP Stream3

GridFTP
client

GridFTP
server

Switch —— Switch

B 1 #EkD GridFTP Olf4#EsE

L7y hU—7 LA Y OR#E bz 4 2 MEHIE £ -
THY, THED OpenFlow v b U —7 O RITFES T,
TV r—a A YIZH OpenFlow A1~ 5 HH Ol
A AR T % JGN- X @ RISE O X 9 7aHh—E A
MENRHBELTETWD 8. 2D L) RBEREESRD &,
TV R+Y—+x KT OpenFlow %> kU —27 »BF|H7A]
REZRBRERIC IV T, HEGRRZHIE - B4 TL, 7Y
= a DRI == ARERIET S X5 BB D
WEAVETHDI EEZLNS.

3. REFEEVATLKE

KuFFETIL, = K+« Y—+x KT OpenFlow % v bk
U — 7 BRI RERBREE IC RV, GridFTP A7 5 ik
B 7 — 2 AR REIC 31T 21D TCP A b U —AlZxtL,
BEORZLZRBEEBINZFH DL THZLIZE-T, T—
HRIEDEHLE EHT DLV AT LERETD.

BHOWRM T — Xk 4 FHET 556, MR EEE
BT AREITEE D A, BHEO IP X—XD@EETIEED
ILORER—OOANMEREINLZONEETHD. (kR
@ GridFTP O FIREIIR 1 1R X512, £2O—>D
BRIEICBNT, D TCP A M) —ATEBIETHIET,
ZORBEOFIRE +oIiER L, T —XiEoR#ElE H
RLTWd. L»L, EBEOXRy hU—27 TiE, BI#HEE
DHIR I TEY, —2ORKRKIZIBNT, o TCP X

U~A%%wTL%LT%EW®WL’i@ﬁﬁ%é

E7T 5 GridFTP O FIE 63K 2 1IZRT XK H |
OpenFlow AA v F 15725 OpenFlow & v U —7|Z
BT, BEDO TCP A R —L&EZNENRA DR
THE S5 2 & T, HEERRIK CHIH TR 224k 2 i
T ARG E AR ESE S 2 EEBERT. AU TIE
OpenFlow % v bV —7 Ziilffi3 % OpenFlow =¥ ko —
TIWZxZ Yy R« — - = RECHIA e 7o AR K 4 iR ST IR
KT NTY XALZESWTEHIICEHESE, 77V 7 —
g YOESRIZS U TIER, REEEIV L THU AT L%
WES 5.

© 2014 Information Processing Society of Japan

Vol.2014-HPC-145 No.1
2014/7/28

OpenFlowarta—35

A i

: L R
IPESIN i

TCP Open'z'avv IOpenFIow

; Stream1 | Switch ’_‘ Switch
GridFTP;: TCP Stream2

Client !
XI0

GridFTP
server

OpenFIow enFIow
Switch SW|tch
TCP | |
Stream3 QpenFlow| OpenFIow
Switch Swiich

2 R4 5 GridFTP O 4lfiik

AWFFED BB GridFTP O F — # f6EE DH L Th
BN, VAT LOFEREE LTI GridFTP 1277 L= 53
B9, UTFORANR 2 SOMEEERIET /4 v F 7 = —
AHFERSTH L TEIT S, BEMIZIE L) & HHEH

ICBWTHRIE SNTEARY OB ERR L, TORKEHE
BT BREE, 2) 77V = arnbD TCP a7 s
VRO ERITIS U T, ¥ LD OpenFlow A A v FIZ
Tu—xr M=V EEET DL RIET S, H DA
A NEITHEEO TCP A b U — A ZFENT D4, 580 1P
TRULA, #ETIP 7 FLADOHAEDLEILTCP A b
Y —LMTH—THD. TDED, HEHDO TCP A M) —
LEXBT LT v T 1 TEEF LD TCP A— FEB DA
I27¢%. TCP A— FNEFIT@EE, TCP oaxrva %k
BRGET DEEBEICR BV EE LRW2®, iDL 9T
BHORBOMLR L, EERICRE oA v FIoxtd 257

n—x 2 MU ORHEREZ 31T TREET 5.

F72, EV AT AT GridFTP %S 21I2H7-
D, AAFZETIE GridFTP %3 B IE~DIEE % i/ MRIZ
Mz %728, GridFTP BEE7 A 77V & LTHVLTWY
% Globus XIO [9] DIEE R T A R"D—>L LT, BEY
AT DD SIS B HERE 2 295 . Globus XIO &
Globus Toolkit W THEEZNTNL /0 7477 VDS
FITALTL—LU—7ThY, BEFRRLT 7 A1, A
=7 2 AFRIECTTIA v &FETH LT
Bex e a b a7 v A WERICKHEATRE & 375, ANF
72Cl%, Globus XIO (ZHEH#ETHAA EIL TV 5 XIO TCP
RZ A4 R%E~_—2R|Z, OpenFlow 2> hr—F &0 )
ZEELTTCP %7 a vt 2WE RT A\ %
ERRT 5. 22X Y GridFTP ARICIZFE2MZ 52 &
72<, OpenFlow % v U —27Zxtit L7z GridFTP %%
HAREL 705D



BFRLEZHRIRE
IPSJ SIG Technical Report

OpenFlowa>rA—5

Assign Make
Multipath Path
(1)
(3)
User 2) 4)
~
b
GridFTP GridFTP
client OpenFlow server
Switches
Host A Host B

3 BELEVAT AOWEX

4. IBERTLOERE

AETIE, BELEVRAT ADEER L OEMEL BT
5. K3z, SRRV AT LOBMEXZRT.

4.1 YRTLOEE

RHFFETIE, #EL T D OpenFlow =2 hu—F 2524k
T2ZH7~>7T, C &£ Ruby T2 hur—F 2 FEEAMHE/
Trema [10] Z W THI%E L7z, BARBYICIE Trema DY
Thar bu—7 OEEEZER LIz Trema Apps [11] (24X
I TV D routing_switch [12] Z_X—RIZHHFEZ(T -
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2, EROT TV r—varipbfEar br—J %k
JATRE L LTV 5. BARAIZIZRTE OBEARE L LT, Assign
Mulitipath &9 AV H 7 = —RA&FHE L, %BEDOEED

© 2014 Information Processing Society of Japan

Vol.2014-HPC-145 No.1
2014/7/28

72012 MakePath &5 A 47 = —AZRHE LT,

LiehoT, xdar br—=J2fAT 25720124,
Assign Mulitipath TF 31388 4 fEfk L, MakePath |2
LoTEEO7vn—x2 N ORUFEZIT D LD 2 BB
DFIEZFET VBN H L. 1 B H ORI ORI IX
GridFTP O@fE ZBET DANC I T DL TH L2 5,
Assign Mulitipath A > % 7 = — |27 7 B AT 572 D%
BRI TAT v N7 a2l T A, assign_mpath % GridFTP
LIS UCHER L7z, 2 BERE H 0 MakePath (27 7 & %
T OMBITAMIE TEIE L2 XIO F T A4 SIZFEIEEL,
GridFTP 2SO S D K D122 L.

HIRW27 v 77 LEATFIAILFO LB TH 5.

> ./assign_mpath <controller_address> <port>

<src_ip> <src_mac> <dst_ip> <path_num>

> MPATH_ASSIGNMENT_ID=<id> globus-url-copy -p
<path_num> test.data gsiftp://HostB/test.data

assign_mpath (¥ OpenFlow = fr—F D IP 7 K
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£ V% Switch Host £ Open vSwitch [#iZ GRE U > 7
WCkoTHfi L7z, 2O GRE Vv 7 208225 LI
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A8 CPU & L C Intel Xeon E5649 % 2 7'ut& v ¥4y, A
EVE2GBEHEIVY TR L. KRB~ I
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1% TCP A MY — AZNENTHEH Il E R LT
WHD, TNENIEFICEE LT T 4 —~v 2 A%RLT
WA Z ERghol.

2) hARe Y B

PR Y BIZBWTHER TE DFE8IT, —HEHLTH
DM BHY, RET1) swl-swh-swb, 2) swl-sw2-sw3-
swb, 3) swl-sw2-swd-swb D 3 DRH o7z, R 2) & 3)
IZEWT, swl-sw2 HORENILFE I N THDIRIZR ST
W5, bR Y BIZBITSERIE, 03 50RKEFIH
T DWW HNHRIESL DS 3 RO FEREIT -7,

= 2 FRoY B OERE
WHERER | IR TE WEFRTF 1k
3 46.603s | 1m30.480s

FEBRFERIIR 2 1R T L9 18, RIEEERRIT 22L& T,
PERTFEIZH AT BRI 1/2 127> TV 5. IF 3l
EHIEZATH DN, TOH>H 2 KT 1 SDORPEEILAL
TS, 2FELTI2M[{HONT =< ALNHT
WRNZ LD, 91 TCP A R U — LD
HaF b THSMN, TCP Streaml, TCP Stream?2
& TCP Stream3 3N Z4, Liko1), 2) £3) @3
OO O KRG L TV, TCP Streaml D#{E#%
I 2 DL FMSI L TER Y, @EE) 12MB/sec <6
WTCHHICRE L TWD Z L4, TCP Stream?2 &
TCP Stream3 OB/ IL swl-sw2 OBy CEME L TE
b, TNZENOEERED TCP Streaml /5 EOKI 71
o TS, £z, ZEMD TCP Streaml (2~ THEW
ZENGDD.
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L LT, GridFTP ®Ol#5#51%1Z OpenFlow % V7= SDN
B X2 E1TH> 2 & T, HERKEHER LT —4
BRA A AREL T2 FEERE L. BETHROHIEEZR
F2DIZ, WARBRSE L CHEBOEREREI 2 L CERE
ol EFHERICEY, BEFEEIXR Y NT—7 DA
i A2 m X, GridFTP OWF|T — & fin gk RERE 23 55 HE
T&EHZLxRL.

KiFFEIET > R« > —+ = KT OpenFlow (2 & 2%
RBRHEREZERT D AT LAEREB LD, SEOFERT
BRI 5 FERBREAHA L TWD 2 & &R
RIGGHI 21T o7, LvL, EEH EOXR Y U —7 Tid,
FV 7 OHF—ELTBLY, o7V r— 3
VOBEOHBEZTDL I LIZRD. LEB-T, FOL
RO HF T, R~V F RN ADOMBE DT ERR L
MRTHDZENEETHDH. SHOPEE LT, EED
F v MU= \ZHEET HBIER /N » b a R e EORE
ZIELUIRUL T CORE R RIEIRR A EBR T 57 LY X
LEFEETHTETHD.
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