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Abstract By optical packet multiplexing to encode packets at 1Tbps with WDM using 100 wavelengths each 
at 10Gbps (500B packet becomes 4ns), wide optical bandwidth of high speed wide band optical switches can be 
fully extracted. By separating a header and a payload by wavelength and processing the header by an electrical 
circuit, a low-power tera-bit class optical router having optical buffer with practical packet-loss possibility using 
optical fiber delay lines of practical number and lengths and a tera-bit class wide area network can be 
constructed with already commercialized technologies. For efficient wide area distributed computing over the 
tera-bit class wide area network, it is better to limit short-term variation of traffic less than 1Gbps or so and use 
longer packets. 

 
1.  

[1, 2,]
[3]

 
Grid

 
WDM (Wave-length 

Division Multiplexing)
1

EDFA (Erbium Doped Fiber Amplifier) 1

10Gbps
100

EDFA
C  

[4]

[5]  

 

WDM

WDM

10Gbps

島貫
テキストボックス
社団法人　情報処理学会　研究報告
IPSJ SIG Technical Report

島貫
テキストボックス
2006－HPC－107（42）
　     2006／8／2

島貫
テキストボックス
－245－



- 2 - 

 

2
10Gbps

Grid
10Gbps

10Gbps
1Gbps

Grid
 

 

[6, 7] [6]
1:8

C 6ns
[8] 3ns  

WDM
10Gbps 100 1Tbps  

 

2.  
2.1  

SONET OC-192
64 OC-3

9.6Gbps
LAN OFDM

 

WDM
 

1 IP over WDM

 
2 IP over 

WDM WDM

[1]  

 
[9]

4 10G

[10]
 

[11]

 

500B 1500B 1Tbps

 IP over WDM 
 

 

 
 IP over WDM 

 

 

 

 
 

 
 

 
 

 

島貫
テキストボックス
－246－



- 3 - 

4ns 12ns
4ns

500Gbps

m m

[12]

IP

[13]  
[1]

10Gbps

4

[1]  
 

2.2  

 

 

 

 

TCP
TCP

[14] 70~80%

 

1500B
12ns 3.6m

2.5m
 

[9]
[2]

[2]
[2]

1 31
316m

75% 80%
0.03% 0.8% [9]

15 5
2 8 1.5 1.333

2063m 75% 80%
0.06% 2.9%  

 
 

 
 

  

O/E 

O/E 

... 

1Tbps  

 
 

( ) 

 
 

 

... 

1Tbps  

... 

WDM+O/E*100 

... 

... 

... 

O/E 

O/E 

 
 

( ) 

... 

... 

... 

 

10Gbps  

AD
M

AD
M

MUX/DeMUX( ) 

 

島貫
テキストボックス
－247－



- 4 - 

1Tbps

[8]

EDFA [1]

 
1500B 100Gbps

10

10Gbps
10  

 

2.3  
3

15 1:8
6 1:4 45 1:2

3
500B

4ns 8ns

1/2
31.25MHz [8]

2.9W 302W

 

1Tbps

 

20
1/10  

 
3

 

WDM

[1, 3]
 

500B 1Tbps
4ns 75% 375Gbps

 

Gbps

 
Gbps

TCP
%

TCP [14]
slow start 1Gbps

C
oupler/M

U
X

 

... 

 

 
 

 

M
U

X
M

U
X

M
U

X
M

U
X

... ... 

... 
... 

... 
... 

島貫
テキストボックス
－248－



- 5 - 

1Gbps
TCP

TCP fairness

 
CPU
TCP

slow start
 

 

1500B
1500B 1Tbps

4ns 75%
562.5Gbps 9000B

9000B
1Tbps 4ns

75% 710.5Gbps
CPU
TCP

CPU TCP
 

 
4  

1Tbps WDM

 

 
[11]

TCP
 

 

10Tbps

[15]
 

 
                

[1]  

PN 2005 8  
[2]  

 PN
2006  3  

[3]  
 

PN 2005 12  
[4] Masataka Ohta, M. Sola, K. Fujikawa, A. Kojima, H. 

Fukumori, Y. Muraoka, "Hash Parallel and Label 
Parallel Routing for High Performance Multicast 
Router with Fine Grain Qos Control", Proceedings of 
Internet Workshop '99, pp. 13-16, February 1999. 

[5]  

http://www.nistep.go.jp/achiev/ftx/jpn/stfc/stt063j/ind
ex.html 2006 6  

[6]  PLZT
PN, 2004 10  

[7]  
PN, 2005 4  

[8]  AlacerSwitch 0108S: 1x8 
high-speed optical switch  
http://www.nozomiphotonics.com/pdfs/jp/datasheet_a
lacer_switch_0108S.pdf 2006 6  

[9] Z. Haas, “The “Staggering Switch”: An Electronically 
Controlled Optical Packet Switch”, Journal of 
Lightwave Technology,, Vol. 11, No. 5/6, May/June 
1993. 

[10]  
PN 2003 9  

[11]  

http://www.psi-project.jp/images/dis/yasunori_kimur
a_20050928.pdf 2005

9  
[12] P. Gupta, S. Lin, and N. McKeown, “Routing Lookups 

in Hardware at Memory Access Speeds”, 
http://klamath.stanford.edu/~nickm/papers/Infocom9
8_lookup.pdf, IEEE Infocom’98, March/April 1998. 

[13]  IPv6 PN
2006 5  

[14] M. Enachescu, Y. Ganjali, A. Goel, N. McKeown, T. 
Roughgarden, “Routers with Very Small Buffers”, 
ACM SIGCOMM Computer Communication Review, 
Vol 35, No. 2, July 2005. 

[15] Masataka Ohta, IP over Baseband DWDM and 
SDM , OECC2006, July 2006. 

E 

島貫
テキストボックス
－249－




