- 18K
- O7RY ND—=0 : BRRAWF ERT 71 )\THERK
- BRAAYTFHHZA v F (T

Virtual Network Control to Achieve
. Low Energy Consumption
. in Large-scale Optical Networks
‘ KRIRAZ A BIERRIZAZER
BBy ND—2EIR
K=
185 B

Advanced Network Architecture Research Group .
http://www.anarg.jp/

MROS— % BEARLRRY ND— I F—FFF v

IRy RD—2

o HRAYFOFECLD,
BRRA v FRLEHE

I/ Rz tEErTHE
« K RZEZHBRI DL
KO, REBRY ND—T%E
ZErJEe

¢ HRAYFOREZEECKD,
A8y D=0 RO

— & IR

2014/06/24

MRy hO—2

{RIBR Y D — I HITHIDRE

o S —/ - BVEHE DX v FERDIEIMICELD
b5 Ew JIRIROINESRFEDIENN

Fv hD—=20 MROZ—DRFURI(C K D@ERTR Y

hD—0 bRO>— %153z D5t B DB

- BIRTRY ND—0 MROS—AOBFCREMANDD,
SEvODELCHIETERU

2014/06/24

|
|
a.
|

2/23/2015

MRESR

+ RV NI —ODOARBRUE( CIBEFHDIER

ﬁ

« HEBHOMEXR

ﬁ

SEEEAHIRDSE 8% ey ro onuE
- BERENRMICEO>TES

ﬁ

- Ry hD=O MROZ—ZBEREC
IECTEE

- BNROHBTRY ND—0ZBERTES
L5CEE

BERERFEC—ETE
TR <BFRIC LS TEAL

2014/06/24 2

By N — ORI T5E

1. I —/\-DHED hS by UBZINE
- RTORAYFNEEFHT DU ID RSy URZIE

2. INELEFSEYOEBZRWT, By hDJ—
o RO %58
- iR U ODEE. BEELE. B
LERTBUS 0
RSty oRzRE

=

2.2y hO—=2
RO —DstE

sy —)(—

3. #liXvtE—>%
BEEL. H/IRD

EEZH(TS
%Uiﬁb(\yt
—SEIXE
2014/06/24 B
GE=L
HBNEENTD | GEAELD |
*E\ Z A\ — 114 i
B8Ry RO=TB ) pimsmiR
{RABR Y RO —274l %%ﬁﬂmiéﬁ%@
HC LB IBROIN 1222(Chapter2)
EROBANSS )
AEANEER T BRI
BTSRRI TAE 2V D=2 RO
e SR
OEEDITEDER | (Chapter3)
\ J A A
ENMRET > DFE

2014/06/24

QE@E%( Cha pter4)/6




BIEmX DIERK

« Chapter 1: Introduction

. ,Chapter 2: Virtual Network Reconfiguration with Link load Estimation )

for Large-Scale Optical Network

g i —) - DERINEE RS EDRE

« (Chapter 3: Virtual Network Reconfiguration for Reducing Energy

Consumption in Optical Data Centers

ABENEERT DRERY bT—0 RO —FIHIDIRE)
<

A\

\,
fChapter 4: Virtual Machine Placement Considering the Redundancy
of Data in Multi tenant Data Centers

= PN

L RESEDIEE )
Chapter 5: Conclusion

2014/06/24 7

N

Chapter 2 DE=EBM

FEI=}
* AXx

- RERY FO—THIITE. &Y ODEROERZIEET D
ERwE

- Ry RND—ORRBRETDE U IDRSEVISEZRHVEG
HEZRAy FEAEM
- B —)(—DIEIRINE IC L DEFAEX

- BB
- HEY - DD RSy IEZBNEDED XA Y FD
BEHINT DITEDRE

2014/06/24 9

S Ewv OEDIRETA 1 v FiER

BEIREHDAA VF RIUIER LN

MSIEEENTLVE SIS,

ViR RS Ey o BIRIRHEN S :

EEAT IR YT HTRAYF (& =
%%EET;“%N \/ ‘
rStyool | (E—
PENZAYF

< BRFEDOBER :
HEE [CAWSMHME hS £y DDBIRORKIE
« FIE
- SEIREHDRA v FHURE TSR IHIE S Ew ON AT S
A Y FEER
» BERESNRVIHE S EY INFELRVKSCT B8
- BT B NS E Y JDBENBNRA Y FER
- &< DA NS Ly SOBRETES B

2014/06/24 11

L L

2/23/2015

Chapter 2:

Virtual Network Reconfiguration with Link load
Estimation for Large-Scale Optical Network

1. Yuya Tarutani, Yuichi Ohsita, Shin’ichi Arakawa, and Masayuki Murata, “Optical-Layer Traffic Engineering
with Link Load Estimation for Large-Scale Optical Networks,” IEEE/OSA Journal of Optical
Communications and Networking, vol. 4, no. 1, pp. 38-52, January 2012.

2. Yuya Tarutani, Yuichi Ohsita, Shin’ichi Arakawa, and Masayuki Murata, “Estimation of traffic amounts on
all links by using the information from a subset of nodes,” in Proceedings of The Second International
Conference on -ging Network i 2010), pp. 18-23, October 2010.

3. Yuya Tarutani, Yuichi Ohsita, Shin’ichi Arakawa, and Masayuki Murata, “Selecting monitored links for
estimating all link utilizations,” Student Workshop on IEICE Technical Committee on Photonic Network,
March 2010 (in Japanese)

4. Yuya Tarutani, Yuichi Ohsita, Shin’ichi Arakawa, and Masayuki Murata, “Estimation of Traffic Amounts on
all Links by Using the Information From a Subset of Nodes,” Technical Report of IEICE (PN2010-27), vol.
110, no. 264, pp. 19-24, November 2010 (in Japanese)

5. Yuya Tarutani, Yuichi Ohsita, Shin’ichi Arakawa, and Masayuki Murata, “Optical layer Traffic Engineering
using the traffic information from a subset of Nodes,” Student Workshop on IEICE Technical Committee on
Photonic Network, August 2011 (in Japanese)

2014/06/24 8

HHD — /) —DIBIRIE TR %

. 7JO—F
- —BOZA VFHBIELEUSID RSEY IBNSE UL
DRSEYIBREEYTBCETY S IDEER Y
_é?a@hstwagwﬁiﬁﬁﬁwm<m5W§ﬁx4w;%
E4R

RAYF(CHEHI DI ID I —)(—
~SEvUBRZIRE

'
7 E@‘
~ - . - //
.
L

S a4
-
-

1

1

1

~
-
]
-

IRETZA v F -

2014/06/24 10

INELTWLWRWI SO FED NS EYVOSOHETE

« V2O LD RSy USLMERT DMME bS5 2w O
@ﬁ,{% gASDD T T T

— 3TAL—332CLOTHE S

W
SEaL-—Sa BE Qoo
RROS : AT&T RO (523 /— K 1304 U>%) |

RSEw oY NUDR: Gravity EFILESKERHT | D2 SIS

(0 =43, u=104) [CHEDTERM 31323 R B ~
s = ~ _~ Sy oBORIGR
- 2=l -3 ERLD S o j i
Eﬁ{%;&:E;—'}bﬂ: R 500 1000 1500 2000 2500

U O%RERY MM S ey o5

Ui = (XZi + B
. HEETTE
- RELERSEYVIENS o, pZEH
- ZIIHE h S ey On#ERA L. NSEY OSEHEE

U USD i FDEESNE NS EY OS2
Z;: U0 i ZARHE Y B hS by D

2014/06/24 12



U OD S ey JSEDHIE

« V2O LD MSEYUSEEY S OZERERT DAME bS
Ev OBDINSKREDZH. LT DBEMRNARIL

RERIER

[ausrorsevoel X = AT

« U OD NSV IEDMWIESE
- FSEYOR NIORDKEE
X' - AT|| ZEIMET B L5 T £EUE
- X't Step. 2 THESNIEHESNE M SEYVIELRELZ NS

tvosran
- EESNE S EYVOY MO ERBIEHRNSY > LD
NSevomEER o o
> #Eans
U oD RSEY o8
2014/06/24 13

R s

AEDOFED

HE—/—RU>OD RS ey IBZHVEDESX

Y FORZHIRKT DTPEZIRE - Sl

- —HPOUETTRA Y FEERL, 2USOD NS EY UBEHE
IBFEERE

- SZal -3 URRLD. BEFECLS THIEY —/(—h'E
WEDEZRENG DA v FBE 70% HIiHS 5 ENTHET
BB EEWR

2014/06/24 15

Chapter 3:

Virtual Network Reconfiguration for Reducing
Energy Consumption in Optical Data Centers

1. Yuya Tarutani, Yuichi Ohsita, and Masayuki Murata, “Virtual Network Reconfiguration for Reducing
Energy Consumption in Optical Data Centers,” submitted to [EEE/OSA Journal of Optical Communications
and Networking [conditional accept], January 2014.

2. Yuya Tarutani, Yuichi Ohsita, and Masayuki Murata, “A Virtual Network to Achieve Low Energy
Consumption in Optical Large-scale Datacenter,” in Proceedings of IEEE International Conference on
Communication Systems (ICCS 2012), pp. 45—49, November 2012.

3. Yuta Shimotsuma, Yuya Tarutani, Yuichi Ohsita, and Masayuki Murata, “Evaluation of data center network
structures considering routing methods,” in Proceedings of The Ninth Inter-national Conference on
Networking and Services (ICNS 2013), pp. 146-152, March 2013.

4. Vuya Tarutani, Yuichi Ohsita, and Masayukl Murata, “A Virtual Network to Achieve Low Energy

ion in Large-scale D " Technical Report of IEICE (PN2012-98), vol. 111, no. 475, pp. 91—

96 March 2012 (in Japanese)
5. Yuta Shimotsuma, Yuya Tarutani, Yuichi Ohsita, and Masayuki Murata, “Evaluation of data center network
structures considering routing methods,” Technical Report of IEICE (IN2012-31), vol. 112, no. 88, pp. 43—
48, June 2012 (in Japanese)
6. Yuya Tarutani, Yuichi Ohsita, and Masayuki Murata, “Virtual Network Configuration Method for Low
Energy Consumption in Data Centers,” IEICE General Conference, March 2014 (in Japanese)
2014/06/24 17

L -\

2/23/2015

>Ealb—>32 85
MROS : AT&T MROS (523 J— K 1304 U>2)

— RS Ew: GravityEF )L EXHIEMD T (0 = 4.3, u = 1.04)[CHE> TEK
= +

SRS 1

FAARY D —OHfHED

V> DD RSy USEDHETERE s Hﬁj( 'J /Oﬁﬁﬁz
3 — R — ‘
Q25 EDZIN B 08
8, | %
= S 06
15 1T A
b 1 04
™ e K
$# 0.5 sl 1o 02r J
% ioo 200 300 400 %00 00 100 200 300 400 500
UREETTR A W FE# UNEETT R A W FE

* 30%DUETR A w?b\%tﬁ’ﬁ:@‘% U>ODNSEYD
BZENET D ET. LUTH AR L2 FEsR
- PRVHEERETUSID NS EY GE’E}E;E_J
- 4&,;5{7«y RO—T#I [1] (LS TRAYU S IEREENZ BT
EnvaTgE

[1] A. Gencata and B. Mukherjee,“Virtual-topology adaptation for WDM mesh networks under
2014/06/24  dynamic traffic,” IEEE/ACM Transactions on networking, vol. 11, pp. 236-247, Oct. 2003. 14

B LR DB

« Chapter 1: Introduction

. (Chapter 2: Virtual Network Reconfiguration with Link load Estimation )
for Large- Scale Optlcal Network
\ <
- (Chapter 3: Virtual Network Reconfiguration for Reducing Energy )
Consumptlon in Optical Data Centers
L EHEIERT DIRERY hT—0 RO —HIfHDIRE
. fChapter 4: Virtual Machine Placement Considering the Redundancy \
of Data in Multl tenant Data Centers
L ﬁEEEzEGJ};EEZE )
« Chapter 5: Conclusion
2014/06/24 16

Chapter 3 DR ES=

o TATIA-ICBNTRY ND—ODEENEHIRE
~

s T=HALEIA—RY KDI—=DI(C, 7‘1:7«1’\/9’-’&%)\

- FSEYIBECSUT.
Ry FD—0 MROSHZEERTEE

- By ND—DZDIENRY hDO—D
HERTBEI BT LICEL>TEHEENL
+ R
- HEBREN'E < RERMRE
v hNDO—DOZBHT D

SHOETERRIN R

- T —ATERRE .
TREITDI SV OZEE £ B ZAvF(ToR)
(SISO I Al 1= 5w0




' Chapter 3 @B &E7TO—F

- Bm
- TV ND—=D(CEUEEBHEIER T DRERY b
D— Uil EiRR
s AEHRRY ND—=0 NMROD—:
- BB Y —/\—S v IDIH%&
- BRAA vFOR— bz ER/IME

- 7JO-F
- \SA—I—[CLO>TBEZRET ZRY hD—U RO —%Z{E
AU, N\SA-5—DHEZTS TR TERRY hD—
I RO —Z8H
- FSEYOEBRERNWFESRY MD—U MROZ—DOBEE
D2 DDIFEICK D THE

2014/06/24 19

L

' GFB (Generalized Flattened Butterfly)
o BEIN\SA—LF—DFECLOT. HLRRY ND—0
HBEHEEETTRE
— B (S A —
C Ko BT
o Ny i B8 k (Kpax =k = 1)THERRTD
(k—1) B GFB O}
— N;(& ToR DX
. L : B k THIATS
& ToR B1=DDU S8
- B\ S A S THETERE
+ ToR EIDEBRARY T4
- ZHUOOTO-#

(Ny=4,L, =2,)

Layer-3 GFB
(N3=6,L; =1)
2014/06/24

L

BT -9t I3y D=0 MROZ— EDLHER

ﬁ 12000 FatTree _—: i leOOO FatTree ——
L Switch-based -IgJ(I:—gﬁ .- -Z
| 10000 - 1.1 10000
£ £
2 8000 158 8000
S S
N 6000 1t 6000
2 2
- 4000 - 4000 B
X X -
X 2000 FUX 20000 *_aae”
e i -
0 5 10 15 20 25 30 % 02 04 06 08 1
HFBEIImARY T ToR A W FHSRA/FRET D
~rS by UBORAME
o MHEREEREIER T DEHICHEBRBR A W FOHIR— K
7w s

- BEFECBTFOT -S> Y-y hD—UJ MROS—&DE
PIRVBRAA Y FOR— MRTHEEEREEMATEE

e ToR #:4208

A0 e &Ry hD—0 MROD—BBRAA v FORR— MBI R LS CRE [

2/23/2015

S W OZEADIIE

- ERRITRET D SV OEEADMIG
- BEOBFEEAVE MO —ESEEE
« VLB(Valiant Load Balancing) [2]
- FEEC KBTS A AICRRAT DHREEBIRT D &(C
KOBEEIEETV. HHNVWEBNTHIG
- ToR MZRND hSEvIEEFUTTEZS5NSD
TVLB:(Vout+]/in) / E 2P

RUTZPHSE
EHRER

EET

E  :ToR ¥

Vo : TR BNX(ET 3 RSy U8

Vin 1 TR DNREIB NSV IR

Ty : VLB ZAVWBACHITZE TR MO MSEv IR

s THELI-HOHRNSEYIEN
EDDLS S EY TREADMIG
- RIERY bO—OEBEBEL THIT

[2] M. Kodialam, T. Lakshman, and S.
Sengupta, “Efficient and robust routing
of highly variable traffic,” in
Proceedings of HotNets, Nov. 2004.
2014/06/24 20

L

' GFB DB/ (S XA —5—DRETE

- HRIRGZEFBIZIGFB D/I\SA—F—DS5REBU> D
BRI DINS A5 —=EH
- B : ToR OERAR— Mos/IME
X BRETIEAIS ToR Orfi— MO

min Y, M L;
- B—N\—SvIRTEET S NSy IRREEQRINE
- BESHFEEIMRE UTHDOHRES G

- BESBEERICANT/NSA—S—%1HE
U oD,

K Y e
< ToR D RS EY D
i ko sooo-n X KNl <B/ T (EEHIESEUL®D)

- Y—N—Sv IMOBEELEZ BFENUTICHIXS
o BRARY THEHDBEREUT £33/ (5 X -5 —%5HE

Hy(k,Ny,Lg) < H,
B8 & @ ToR FIDERARY T zk( o L) rax BARY TEHROBEE

2014/06/24 22

R s

 BEIMEDIHER

s REBRY NDO—U% KSE
W IBDZALICIEC TS |
FIDEDEBIEDN
Rz 5Tl
- BRRAAYTFDHFDIRY KD =

— D EDHBEBHOERTE £ °
- BRRAAYTFOHDIZY NI 10

IN
S

ERFE
HBFE -o-

30

EBAI[kw]

20

B

H

i

.
o

LTz

i

H

— OB RNSEVIEHBDET 1R 21w snBRAMESS
U>O%HIiRkS DFE[3] EDLHEER RSt v IRDRAMME

« ARBRY bDO—D%Z S EVOBDZELICEU T, BIBE
IR ECLDEBNEN TR

SHEE

[3] B. Heller, S. Seetharaman, P. Mahadevan, Y. Yiakoumis, P. ToR #1: 420 &

Sharma, S. Banerjee, and N. McKeown, “ElasticTree: saving =

energy in data center networks,” in Proceedings of USENIX, pp. | * BRAA Y FDHDORY NT—U(FRK

17-32, Apr. 2010. B Sty ONIRESEHERDR GFB =28
24y g

2014/06/24 RAA Y FDHTHER 24




AKEDEXRED

. 5"" /912/’5’ :|"~‘J I\'j O(Cﬂ’ﬁbt‘éﬁﬁbE

- BREN3*RY hTO—U RO —OMHEEICH L T, 580ETER
Ecry hO—o RO —%2E T

- T -ANTRETD bS by IEBNCHEDIAE

BT DI

ERFIEDFHM

- BEOT -5t A =%y hO—0 MROS— L0 ESROEBR
A Y FOR— NATBREN BB

- FSEYUBDELICEU T, REFY ND—EHETE e
THEBHCAERE

2014/06/24 25

_\

Chapter 4:
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