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Abstract: In recent years, the speed of network devices has rapidly increased, but it is also a critical issue
to reduce the power consumption of these devices. However, conventional methods for power savings of
communication links during transmission have problems. To solve the problems, this paper supposes wide
area networks constructed by SDN (Software Defined Network) switches where clients connect to one of the
switches and communicate over multipath connections by MPTCP with a server connected at an external
network including the Internet through another switch that is placed on the boundary between the switch and
the external network. Then, this paper proposes a new adaptive link rate switching method to provide in ad-
dition to low and high rates, a middle rate that MPTCP connections can switch to uninterruptedly. Finally,
the communication experiments based on the implementation of the proposed method evaluate the commu-
nication interruption time, throughput, and power consumption, and show the total power consumption per
a day of each switch can reduce up to about 60 Wh (1.35% of the power ratio) in especial.
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1 REFATHET S A Y PT—2
Fig. 1 Target network of the proposed method.
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4.2 F7HLIYZL

I9, RETHWAERLREZLTOL ) ICERT S.

o i, j, kI TEDELFRTER
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WIIREE High O WIFh»icdh b 2 L xaiiee 4. T L

T, L DWW B, BXUHEHROHEERE E, € thth
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BHEWEELRY BT 5.
72720, ng KOW 770 —TCTIlTHEREZMm-E %
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(1)arybu—=Ji, AL v FLR— bOFHREE - )

frz, A4 v F250 Hello # vt —3 F 7213 Port
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-
—
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%D, BAL v FIE, ZUWR-787 y M EfRESR
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Biow = 100Mbps
Bitresn = 50Mbps
(n;=1, n=2, n;=2)

Biow = 100Mbps
Bihresn = 70Mbps
(n=1, n=2, n.=2)

=

L

—

RIS =0
(b) HERAEH S Z 720, FY TR S 20D 254

Biow =100Mbps
Binresn = 70Mbps
(n,=2, n=3, n=2)
%f

@ﬁmas«m k

S
() BB 2 748, IR 2 S A0 W
2 REFRIZBT 47 70— D/N2REHHT
Fig. 2 Path assignments for subflows in the proposed method.
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LTy hERELTWARYD, —Hod 7 70—~
DN, a3 7 a VERIEENPRRZENEZ SN
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Fig. 3 Network topology for the communication experiments.
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Table 1 Equipment specifications list for the communication

experiments.
PR PRECISION T1500, Dell
CPU Core i7-860 2.8 GHz, Intel
oS Ubuntu 14.04 LTS
7747 AEY 8GB
NIC 57780 Gigabit Ethernet Controller,
(7947~ M1) Broadcom
NIe LGY-PCI-TXD, Baffal
(7947 k2 “HiAmAL, Dallale
NIC
(75472 F3) LGY-PCI-TXD, Baffalo
i PRECISION T1500, Dell
CPU Core i7-860 2.8 GHz, Intel
oS Ubuntu 14.04 LTS
F— AE) 8GB
NIC (=% 1) 5137780 Gigabit Ethernet Controller,
roadcom
NIC (¥—,v2) LGY-PCI-TXD, Baffalo
NIC (¥—,3V3) LGY-PCI-TXD, Baffalo
TR Express5800/GT110b, NEC
P 5
CPU Celeron G1101 2.26 GHz, Intel
(O] Ubuntu 14.04 LTS
AE 4GB
NIC Intel Pro/1000 PT D33682
AL T 1 (2747~ b 1%#%:) | Dual Port Server Adapter, Intel
NIC Intel Pro/1000 PT D33682
(2947~ b 24%:) | Dual Port Server Adapter, Intel
NIC
(75472 b 38 UE-200TX-G, PLANEX
NIC
(A4 v F 2 Bt) LGY-PCI-TXD, Baffalo
NIC 82574L Gigabit Ethernet Controller,
(A4 v F 3HH) | Intel
NIC UE-200TX-G, PLANEX
(2> b u— 7w i -
HAE PRECISION T1500, Dell
CPU Core 13-540 3.06 GHz, Intel
oS Ubuntu 14.04 LTS
A4 v F 2 AEY 4GB
NIC LGY-PCI-TXD, Baffal
(R4 25 1 4648) -PCL-TXD, Baffalo
NIC
(24 9 F 3 B LGY-PCI-TXD, Baffalo
NIC
(2 Fu— 5855 UE-200TX-G, PLANEX
i Express5800/GT110b, NEC
CPU Celeron G1101 2.26 GHz, Intel
oS Ubuntu 14.04 LTS
AE) 4GB
NIC Intel Pro/1000 PT D33682
AA v F 3 (=31 #55) Dual Port Server Adapter, Intel
NIC Intel Pro/1000 PT D33682
(HF =73 2 Fahe) Dual Port Server Adapter, Intel
NIC
(3 — 3 3 20 UE-200TX-G, PLANEX
NIC 82574L Gigabit Ethernet Controller,
(A4 v F 1 #H) Intel
NIC LGY-PCI-TXD, Baffal
(A4 2 F 2 B AL, batlale
NIC
(3 b o—5 8 UE-200TX-G, PLANEX
[ Magnate JD, Diginnos
CPU Core i5-3470 3.20 GHz, Intel
arhru—37 0OS Ubuntu 14.04 LTS
AE) 8GB
NIC RTL8111E Gigabit Ethernet
(AL v T L HEht) Controller, Realtek
LG FAE TAP-TSTUP121, SANWA SUPPLY

74 v 7 b IEkE

Y. B, KAL v FI

&, 27947

2= N2ADCBR FT 74 v 2 IR R,
7734 T Y R3NEHT=N3INDCBR T T 1y 7IEA

£y F2aRHTHNNA %S LI

, HoMLTHE—

601



BERIEF =R G Vol.60 No.2 591-607 (Feb. 2019)

w
S
3

BYSAT7>R3-5—/3
sUSATI2-5—)Q2
WISATUM -5/

N
S
5]

NS5 D+ v U8 [Mbps]
.
8

S ¢ 8 RN SR SR S A SN RO
ll%??][hour]
(a) F¥ XA A Y NI =0 ZMELIZ T T4y 788 =

300 = OSATUR3 - 53
= OSATIR2 - B2
BOSATU - P/

~
=3
3

NS4 YO8 [Mbps]
=
8

S, .@ .0° S n° .c“ NN .0° .QQ ,00 @ S S .e° & .<>° .@ .0° RO
AP LS S RO A R SR ST 0007 4 A o 1 o

B§%l [hour]
(b) ISP Ay b =2 2E LI T 74w I8y — >
4 EEFEBECHVAZNI 74y 770
Fig. 4 Network traffic flows of the communication experi-

ments.
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Fig. 5 Power consumption of each switch in the case of
Fig.4 (a).
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Fig. 6 Total power consumption of each switch in the case of
Fig.4 (a).

ET, M4 D&% NT7 714y 7128w T, OpenFlow
Ay VT =2 BT A AL v FORESIMEEHTE L
g hoT.

M7, bIT714v 288 —2 (QBITA, %75
AT MY =MD 1B ) OFHANV—-Ty v %
R, TOfEIE MPTCP OAD ANV —"Tv b TH, A
W=7y bOFHEIZCBRIZE TN TwAR WV, K 7(a) &
B 7(b) &1, #REFX Az F2 A4 L T 2 R
IBIS, REFROFHAL—T v M, 294 T b
1225 =1 ~NOWBETALR DL ED 80.0%, 7 T4
T2 =N 2ANDOBEETIE8LINIZE EFE o TW

602



BERIEF =R G Vol.60 No.2 591-607 (Feb. 2019)

mIERSL FSAR

ZN=T'Y b [Mbps]

:.H....H..m...u.‘...‘,.,‘.”.m

@@@f?@@@@é’@@&@@é}@@@@@&

aaaaa

%

L2

(a) 7747 M1 eV —N1HED LKD) OFHAN—T v b

i mREAR BAR
60 =
7 50 H
£
=
L 4 H -
2
N 30
i
a
R 20
10
. H
CP @ QP @ Q“ @ @ e“ 6’

>
é‘bé‘é\é‘@é‘@é‘@@é‘@é‘@ °°°°°°°

i

(b)y 7FAT ¥ h2EHF—i32 F’EJ@ 1 K& 720 OFIH AV —T 2 b

mIERAX AR

ZI—=T'Y N [Mbps]

\\‘@b@cp S & &S &@@@@h&

\@\\@\@ﬁﬁ & & 1@ @ q@ Q& \@ @ @ K S p

(©) 7747 b3 LHF—N3HO 1 EMB2Y) OFHAL—T v b

7 4(a) IZBIFB I IAT Y e —=NEDODAV—=T b
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Fig. 8 Power consumption of each switch in the case of

Fig.4 (b).
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Fig. 11 Communication interruption time by switching the

link rate in the proposed method.
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Fig. 12 Communication interruption time by switching the
link rate in the proposed method adopting our con-

ventional method.
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