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Abstract A rapid increase in network traffic has caused a problem along with the penetration of sharing, dupli-
cating, or migrating a large-sized data and software among distributed servers or sites. We previously proposed the
one-to-many file transfer using MultiPath-MultiCast (MPMC) on OpenFlow to realize an optimal schedule in which
each recipient can complete the file reception in its minimal time using the max-flow paths from a single sender.
In MPMC, a file is divided into equally-sized blocks; different blocks are concurrently transmitted to the same
recipient on multiple paths; while the same block is concurrently transmitted to multiple recipients by multicast.
This report newly proposes the coded-MPMC in which a sender proactively generates a necessary number of coded
blocks using Reed-Solomon coding and transmits different coded blocks in each phase (a period between when a
set of recipients completed and when the next set of recipients complete), allowing an optimal block allocation
regardless of a difference among recipients’ already-received blocks in the previous phases. A few heuristics in the
block allocation order are developed in coded-MPMC and shown to efficiently find optimal schedules on large-scale
real-world network topologies through simulation. A preliminary implementation of coded-MPMC is verified on an
OpenFlow emulator.

Key words OpenFlow, MultiPath-MultiCast transfer, One-to-many file transfer, Max-flow problem,

Reed-Solomon coding
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BHEBEREEZ IV RLIEZ, EAT Va2 -V TERIND S
ZEHEOZERTREZFEEL O 2ERT 5. 2%FH
DFYIZAZ5E TR T RMEDFIIE L 722 27 Y a— Vi,
BEATYa—VThbILEERT 5.

#F2OFHES F VA ZRMHL, EZEFRA MIE/ — FIZK
MV ARy 72RO BWVIFEFFITREVWY 7 AR TEER
NRoTWdEd5. SEMEMATS MBI, ERFIETIIR
WA Y a— VBRI N o EMHDO Ry P T—2 MR
DY THBH 6 D “Columbus” & “Switch ” [10] Z W 5.

4.2 FF @ # R

7, 8 1%, £ HXNEEAL T coded-MPMC 7 5 AL X 1
ATV a— )VOEHET TR O 2 FER TR LU
LEDTHD. (B)2RZBL, 32DV FVATEHEATVa—
VI E N T WD D, 1 DD Y F Y 4 (Columbus/3E{F#
ID:44) THRMA T ¥ 2 — AR EHRIhTWRWL. Thid,
“Path-length ascending order allocation” DA TIEHT L b
BEAT V2= VDRERINBNI L E2ERL, 70y 7)Y
R DB TE 247 5 BEMARB I NS, EEE, Toy sH
WEFOHWEFE %175 (C) & (D) ik (A) ITHART, £A7
U a— )VOSERGRSE TR RIBICE I N T WS,

(E) 1, HATZEHELEIERS TRIERA T ¥ 2 — Uil
NTEL, 320 a—Y ATy rR7ny HYSEFEHRS
EOERAMENAZ B, £z, BIRINZEIHE L LT “Path-length
ascending order allocation” & F\% Z & THIYIHfp DHIHIZE
HEBP DL, BEAT Va2 - E LD R{EHT LI 2N
AEEE D, B, B2 EDLTH /) — NIz LT, D
MEZEEH L LG EDOMDEZEH DL kDM
EIMULIZE 25, (BE) 267252 & CHTZEEEBELEC
WO TREAT V2= VDB O5NE I L 2HERTE /.

5. coded-MPMC 7 7 1 JLERX DR

5.1 Y27 LHE
7 7 A VERXE BB T A H0C, OFC i, bR B JIEHR % G
T 572012 LLDP /37 v k24 T® OpenFlow Switch(OFS)
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B9 coded-MPMC 7 7 A VIE%DN
# 3 Mininet T Atk R

T7ANYA X 100[Mbytes] 1000[Mbytes]
WYYZAZTE T IR [s] | BERAE | SEERME | BHERE | SZERME
Ry 4.21 4.29 42.10 | 4291

Ro 4.21 4.27 42.10 | 42.87

R3 2.80 2.86 | 28.07 | 28.60

R4 4.21 4.28 42.10 | 42.92

79954055, ZOLE OFClEAR— NI Vo7 T
KDV v/ BEEZHGT 5. {FZELIE, IGMP DX Y N—Ty
TUR—=bMZHFHLT OFC K&ZEHDAEBZ BT S

BT, BEHILOFCIZ7 7 A VH 1 X2EBHITS. ZThz
bV H—IZL T, OFC I coded-MPMC DA ¥ 2 — )L % 4K
L, OFS IZEHIH 27> =D T7a—2 2 b 2EEAA
T7ANY AR AT Y a—)UiERERESE L ZEHTENT
L, BRI NERICEDE, VR -V BEEUFE(LEHNT
BELZBO/FEATay 7 &2ER LTy NBEATT 71 )V
REFRT S, ZZETOHRENEX 9 ITRT

ZAEHIBERBOTO Y 7 EZITE - 722 L 2 EEHICHE
MBI LT, REHFITEDZEENZEE5E T Lz iET
52N TEL. BB, ZEHIFR Ty 27387
5ZLTIHDT 7 ANEEITLT 5.

5.2 Mininet TOEH

OpenFlow T 2L —X TdH 5 Mininet LT, X1 D ~KRu
V% AWT coded-MPMC —% 7 7 1 Vb OB ERER %2 17
5. E(E#H 1 95[Mbps] ® CBR. T 100 & U < I& 1000[Mbytes]
DI 7ANVEEGFL, EZEENT 7 IVEZET DR (7
Oy DIy IA—F 4V - FaA—F 1 v 7R EEEA
D7 7ANEEAARMERL) 2HET 5.

# 31, BZEEDZE7T T RH OB RE & I HE % i L
=H0THD. HMnMEIL, 2 HiTHENUZE5E TR L/ bs:
ICCBR 2ZE LD H-oTW5S, HiKT 2 &, BRHEIC
EWERENFHS W TE ) FRIMERNZ e D» s, E
BRAEDSFREREIC R THOTRBWRRA E LTIE, &£37 v b
DT —=ZNRT 7AINVDEDMNEDERT ZDITEMINEHME
ANYRIZE DL =N~y K&, ¥uxsa vtk 3%ET 3
T— RREOMMNAEZ 5N 5.

6. ¥ & &

AETE, V- F - VY EEURSE AW TRERBUER
INEFEATOY 7%, B—0DREFHENS MPMC 7 L — A
U — 2 &FHLTREFIIRMAT S coded-MPMC %4t L 7.
HE7ay 22 FHTEIET, M7 —ADEZEHOR
ZETOY IOENEZEET 70y JHNETS Z LA HEE
B, MAT, BZEZH IR U THISSIRNL 70y 7 HY
BTS20, ba—VRT 1y 7Ty U EYERE L
EEALKE. IS 2MAELES 22T, BETETIRERH
{bXNRD o 2 KB CEM Ay h 7 — 2 b RBEYVIZBWVT,
coded-MPMC 3B A T V2 — Va2 RGICERTRETH S &
Wi Y Ialb—vaUiRERLUZ. &#IZ, OpenFlow T3 o
L — & 1T coded-MPMC DEIERGEZ 1T > 72, SH#&1%, KM
{2 K % SDN 72 Ry KT 5 “RISE " [11] THRIEEZFT -
TwX<.

SHBOFEHE LT, BzbiEA—% Y NU—2 ETOBEBO
MU= 2 D7 7 A VLR &, BRI EIR S 5 72
OIZMPMC 7V —ALT— 2 %HET 5 FETHD. £z, Bl
TED F A7 coded-MPMC DOFEEEDFEL LT/ vy hE A
2T B & FRMARINE, TVA=F 4T - FaA=FT 14
TDF =N~y RRHY, ZhsDWEERT>TWL.
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