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Road Map and Breakthrough

2000~2004 2005~2006 2007~2008

Optical Packet High-Performance
Optical | Switched IP-over- Optical Packet
Network WDM Network Switched Metro Area
Testbed (OPSINET, Network
OPSINET-II/10G) (HOPSMAN)

Distributed-control
Hybrid Passive Optical
Network
(DHPON)

Techno- HOPSMAN MAC and DHPON MAC and
OCPS, QOPS _ .
logy Optical System Optical System

Technology | State-of-the-art Breakthroughs

DHPON v.s. Centralized Control TDM-PON
Centralized e 32Xx32 ONUs v.s. 32 ONUs
Control TDM- e Precision v.s. out-of-date bandwidth allocation

PON, DHPON v.s. WDM-PON
WDM-PON o 32x32 ONUs v.s. 32 ONUs
Network e Wavelength sharing v.s. no sharing

Distributed
Hybrid
Passive
Optical




Distributed Hybrid Passive Optical
Network Architecture

TDM PON Distributed Control
32 ONU share /E
2.5Gbps @ =
v 1xN splim

Dynamic Bandwidth Allocation

WDM PON

—
A2
32 ONU _
2.5G/ONU — A3 —
( 3 >7
“ Colorless ONU

Hybrid WDM+TDM PON

32x32 ONU E




Distributed Control DBA Algorithm

s MA )”1
Control message
: _ — Data traffic
e Distributed control PON
— Achieve high precision
e Dynamic bandwidth allocation Control

DBA

— Satisfy different “fairness criteria”
for different data services to

support triple play Time




DHPON Testbed: Optical Network Unit

Control Low Speed
Burst Mode SerDes
CDR

DBA
Processor

UpStream Upstream
Buffer
Data Ethernet
F <_

PON MAC Downstream
Buffer Ml
Output Control

Downstream

e Individual distributed control module
e A testbed prototype with 4 ONUs and 1 OLT
— High data rate: 1.25Gbps
— Low cost control: 125Mbps Burst Mode CDR
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Broadband QoS Technologies



Road Map and Breakthrough

2000~2004

2005~2006

2007~2008

Network
QoS

Private fairness by
TCP rate shaping
(PostACK)

Public fairness by

TCP-friendliness
(WARC)

Private fairness by
request scheduling
(MSF-RS, MRRYS)

Technology

Software accelerator
(4-in-1 Proxy)

State-of-the-art

Algorithmic accelerator
(BH)

Hardware accelerator
(BFAST)

Breakthroughs

Deep Packet
Inspection by

BFAST

John Lockwood,
Washington Univ.,

Bloom Filter-based

Scalability (# patterns):

30K (BFAST) v.s. 3K (BF-based)

Simplicity (# filiters):

O(n) (BFAST) v.s. O(n?) (BF-based)




Private Fairness:
Minimum-Service First Request Scheduling

Solve the dilemma of packet scheduling which fails to allocate downlink
bandwidth at G meanwhile it cannot classify packets at EG

Main features:

- User-based weighted fairness

-~ Reduce 30% of user-perceived latency
W Save 25% of CPU loading

W,

ISP-side edge
gateway

User-side
access gateway

Uplink requests ->

N , G access link !
H + <-Downlink. response

n ! A

-

E Minimume-service order arbiter (MOA) Window-based :
Requests | 1 rate controller (WRC) | .
o I Qu request request : e
! Q lect leas :
: request AN | 0> :
! recejver ! ! :
o N B e , Wi [ w i
| ol ; :
: ! U :
UG, - UC, SC mof RIC | !
- | A End of Rsp C > : Responge



Hardware acceleretor: the BFAST algorithm
Most scalable hardware design for deep packet inspection

e Patternl: abcdefgh
e Pattern2: xyzabcdw
e Shift table

block [ shift | block shift

abcd ( ) Xyza 4

bcde 3 yzab 3

abcd — | cdef 2 zabc 2
defg 1 abcd (1)

efgh 0 bcdw 0]

* 5

abcd

e False positive at a lower group: shift less

e False positive at a higher group : the same

|

hit

Main features:

1. sub-linear running time

2. less hardware complexity

3. high scalability
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W Ty g - 2 APOC'07 ¢ 33 % & 42/% 3 ""Technology and
Experimentation of A High-performance Optical Packet-Switched Metro WDM
Network "'(2007/11)

% B £ ®Dr. Nim K. Cheungﬂertanford University Prof. Leonid Kazovskyig {7
ABI 0 I F 23 Opvistask il ¢ g o 7 (2007/08)

## B # W Stanford University Prof. Leonid Kazovsky % 31 & 1¥3+4 > ¥ & %3
% WANDevices:k g = & (2007/05)

T & 2 &$ : In scholar.google.com, well-cited paper over 275 citations (2007/10

“Multi-hop Cellular: A new architecture for wireless communications,” Infocom

2000.

)
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BREM A A L (v 4 % f2 R (1/2)

o 21 (CCL-NCTU B ¥ )& f‘c‘}ei-f#_OPSINET-Ilﬁ HOPSMAN -k 4§ 2 e 52
o 1R K RRPIEEY WA EIHF ¢ Security, WLAN, Switch, Router,
VoIP# & R|3#

5 _§;,,fi;gt, FARPLE, e BE P BT, A EME AP AE, R HE, 2 EAH,
FAHE, &R0, R FFH, Bdin, 3§82l 70,4 HRRE,
FoAIcatel, 55 & k4, ST + 2% o, ¥ RLHE, P 5 R kS WEFLH, Aruba, £

P, R ER e, R

e Intel: WiMax Base Station & Testing

e Cisco: Attack Session Extraction from Real Traffic, Cisco # e* 4z:§108 £ ~

o FEFEIXAFMEIF WANFTF A0S, HELEREFELT - FH LN
2RI AR RERZ A 2 £ BB IEEE 802.11s turnkey solution
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2007#87 % = D-link/INCTUS; & 4 ¢ o » #7882 4 ¢ i fp il (%
= 3% o 3 4% % D-link 2.0 (Web2.0, Device 2.0, Network 2.0, Service 2.0)

technologies.

th# & $c4 P # Sabbatical*t Cisco, San Josez 3% § -, iF - f= £ 1%
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OPSINET-11 : £ "% % - & & & T4 112 2 GMPLS##]2 2 5 IP-over-
WDM#% < g T 5 #2433 % % (phase-11, 10Gbps) (35 £xxd % 32)

HOPSMAN : 2 it # itriple-play 2. sk 5% € 3 9 5% % (4 5am K42)
Content-aware Security and QoS Gateway : " {#pgcontent ki | % 2§/ P
- WA E B ERE)

P2PADM : Pear-to-Pear Administration Package (3k & & % #2)
Stream-based Anti-Virus Mail Proxy (& & i£ ¥ 32)
kP2PADM: In-kernel P2P Administration Package (+ # i& #c#2)

SoC Hardware Software Co-Design for Deep Packet Inspection

(FPGA and Linux implementation on Xlinix ML310) (k& & i£ % 2)
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Journal papers : (2007/4/1 ~ 2007/10/12)

1.

Ming Fang Huang, Jason (Jyehong) Chen, Jianjun Yu, Sien Chi, and Gee-Kung
Chang, ""A Novel Dispersion-free Interleaver for Bi-directional DWDM
Transmission Systems," to appear in Journal Lightwave Technology, 2007.

Peng-Chun Peng, Kai-Ming Feng, Hung-Yu Chiou, Wei-Ren Peng, Jason (Jyehong)
Chen, Hao-Chung Kuo, Shing-Chung Wang, and Sien Chi, “Reliable architecture
for high-capacity fiber-radio systems,” Optical Fiber Technology, vol. 13, pp. 236-
239, 2007.

Yu Chang Lu, Chia Chien Wei, Jason (Jyehong) Chen, Kai Ming Feng, Pao Chi
Yeh, Tzu Yen Huang, Ching Cheng Chang, Cheng Tsao, and Sien Chi, “Effects of
filter bandwidth and driving voltage on optical duobinary transmission systems,”
Optical Fiber Technology, vol. 13, pp. 231-235, 2007.

C. C. Wei and Jason (Jyehong) Chen, “Convergence of phase fluctuation induced
by intrachannel four-wave mixing in differential phase-shift keying transmission

systems via phase fluctuation averaging,” Optics Lett., no. 10, pp. 1217-1219, May,
2007.

C. T. Lin, Jason (Jyehong) Chen, P. Peng, C. Peng, W. Peng, B. Chiou, and S. Chi,
“Hybrid optical access network integrating fiber-to-the home and radio-over-fiber
systems,” IEEE Photon. Technol. Lett., vol. 19, pp. 610-612, Apr., 2007.

22



A BB 4 (23)

Journal papers : (2007/4/1 ~ 2007/10/12)

6. Ying-Dar Lin, Kuo-Kun Tseng, Tseng-Huei Lee, Chen-Chou Hung, and Yuan-
Cheng Lai, “A Platform-Based SoC Design and Implementation of Scalable
Automaton Matching for Deep Packet Inspection,” to appear in Journal of System
Architecture, EI., SCI..

7. Huan-Yun Wei, Ching-Chuan Chiang, and Ying-Dar Lin, “Co-DRR: An

Integrated Uplink and Downlink Scheduler for Bandwidth Management over
Wireless LANSs,” to appear in IEICE Transactions on Communications, EI., SCI..

8. Yi-Neng Lin, Yao-Chung Chang, Ying-Dar Lin, and Yuan-Cheng Lai, “Resource
Allocation in Network Processors for Memory Access Intensive Applications,” to
appear in Journal of Systems and Software, El., SCI..

9. Kuo-Kun Tseng, Ying-Dar Lin, Tsern-Huei Lee, and Yuan-Cheng Lai, “A Fast

Scalable Automaton Matching Accelerator for Embedded Content Processors,” to
appear in ACM Transactions in Embedded Computing Systems.
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Journal papers : (2007/4/1 ~ 2007/10/12)

10. Shih-Chiang Tsao, Ying-Dar Lin, and Yuan-Cheng Lai, “Taxonomy and
Evaluation of TCP-Friendly Rate-Control Schemes on Fairness, Aggressiveness,
and Responsiveness,” to appear in IEEE Network, EIl., SCI..

11. Po-Ching Lin, Ming-Dao Liu, Ying-Dar Lin, Yuan-Cheng Lai, “An Early Decision
Algorithm to Accelerate Web Content Filtering,” to appear in IEICE Trans.
Information and Systems, SCI..

12. Chi-Heng Chou, Tsung-Hsien Yang, Shih-Chiang Tsao, and Ying-Dar L.in,
""Standard Operating Procedures for Embedded Linux Systems,"" Linux Journal,
Issue 160, pp. 88-92, Aug 2007.
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Conference papers : (2007/4/1 ~ 2007/10/12)

1.

Maria C. Yuang, Steven S. W. Lee, Bird C. Lo, I-Fen Chao, Yu-Min Lin, Po L. Tien,
Ching-Yun Chien, and Jason J. Chen, “A High-Performance Optical Packet-Switched
Metro WDM Ring Network- Technology and Experimentation,” Asia-Pacific Optical
Communications (APOC), invited talk, Nov. 2007, El..

Maria C. Yuang, Ya-Shian Wang, and Yu-Min Lin, “VMAPS: a ersatile Medium
Access Control and Processing System for an Optical WDM Metro Ring Network,”
IEEE/OSA European Conference on Optical Communication (ECOC), Sept. 2007. El..

Chun-Ting Lin, Cheng-Feng Peng, Jyehong Chen, Peng-Chun Peng, Wei-Ren Peng,
Bi-Shiou Chiou, and Sien Chi, “Hybrid optical access network integrating baseband
and radio signals transmitted on a single wavelength,” CLEO/QELS 2007, paper
CFP4, Baltimore, U.S.A.

Ming Fang Huang, Jianjun Yu, Gee-Kung Chang, Jason (Jyehong) Chen, and Sien
Chi, “bi-directional DPSK transmission over 230-km SSMF employing innovative Bi-
directional amplification,” CLEO/QELS 2007, paper CMH3, Baltimore, U.S.A.

C. C. Wei and Jason (Jyehong) Chen, “Supression of phase noise induced by
intrachannel four-wave mixing using phase noise averagers,” CLEO/QELS 2007,
paper JTuA134, Baltimore, U.S.A.
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Conference papers : (2007/4/1 ~ 2007/10/12)

6. Ying-Dar Lin, Kuo-Kun Tseng, Chen-Chou Hung and Yuan-Cheng Lai, Scalable
Automaton Matching for High-Speed Deep Content Inspection, IEEE AINA,
Niagara Falls, Canada, May 2007.
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B4 2 B
1. MariaC. Yuang, et al., “Pdf-based Multi-user Estimator for Wireless LAN,” ROC
Patent No. 1231721.

2. Maria C. Yuang, et al., “QoS-oriented Burstification Method Supporting Various
Grades of Burstification Delay Guarantee,” ROC Patent No. 1234959.

3. Maria C. Yuang, et al., “Hexanary-Feedback Contention Access for Wireless Local
and Access Networks,” ROC Patent No. 1242993.

4. Maria C. Yuang, et al., “QoS-enabled Contention Control System for Wireless
Local and Access Networks,” ROC Patent No. 1263427.

5. Maria C. Yuang, et al., “Stepwise Quality-of-Service Scheduling Method in
Output-Buffered Switches for Broadband Networks,” US Patent No. 7,164,686.
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6.

7.

9

10.

LAY 2 EE(22)

iz W
Method and Apparatus For Scheduling For Packet-Switched Networks, Shih-

Chiang Tsao, Ying-Dar Lin, Hai-Yang Huang, Jun-Yi Tsai, US patent number:
7236491, Jun. 2007.

System and method for providing differentiated service by using category/resource
scheduling, Ying-Dar Lin, Ruo-Hua Feng, Ching-Ming Tien, Yuan-Chen Lai, Cho-
Jun Lee, Po-Wen Cheng, Taiwan patent number: 1276322, US patent pending
number: 20070061464.

Integrating and Accelerating Content Classification and Management at P2P
Gateways , Ying-Dar Lin, Po-Ching Lin, Meng-Fu Tsali, Tsao-Jiang Chang and
Yuan-Cheng Lai, Taiwan and US patent applications.
A hardware accelerator using Bloom filters to realize a sub-linear time string-
matching algorithm, Po-Ching Lin, Ying-Dar Lin, Yi-Chun Zheng, Taiwan and US
patent applications.

Latency and Modulation Aware Dynamic Bandwidth Allocation Algorithm in

Wireless Broadband Base Stations, Ying-Dar Lin, Yi-Neng Lin, Che-Wen Wu, and
Yuan-Cheng Lai, Taiwan patent application, Approved by NCTU.
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OPSINET-II: Optical Packet Switched IP-over-WDM Network (10 Gbps) (15
FIh 3 ¥)

HOPSMAN: High-performance Optical Packet Switching for Metro Area
Networks (1§ k7 %)

P2PADM: P2P % Instant Message# 3 (##8 2 &) (+k2 E &K2)
Stream-based Anti-Virus Mail Proxy (#x#8 & ) (4 2 & %)

kP2PADM: In-kernel P2P Administration Package ($ic %8 £ #)(3 2 i£ &k #2)

SoC Hardware Software Co-Design for Deep Packet Inspection
(FPGA and Linux implementation on Xlinix ML310) (#& & i£ ¥ %)
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Conferences( ¢ & & 7%)

Conference (2007/4/1 ~ 2007/10/12)

1.

2007/4/27 e ¥ Bl 35 S e 34 € (305, 110 1)

2. 2007/5/237% %> : NBL-NCTU Beta Site TestingzLp? ¢ (112 %)
3.
4. 2007/7/1-2007/7/20 Wireless SIP & Riig B SR PIFBEH > AT HEIXFH 54

2007/7/24 Wireless SIP 72 R ig BRFFHFA3t € (154)

PlIERE £ 7 & T~ 4 % &Billion, CyberTan, D-Link, SMC, Soundwinz
ZyXEL -
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3.

Contest (it 7 %)

Hardware Software Co-Design for Deep Packet Inspection with
Sublinear —-Time String Matching, 3 = 8955 & & < FIa Rk P& f 1 %
St 5}5{ » R (ESW) Rl e st oAl 8 & = & 1w, 2007/7/11.
= B (2007) 2 W& § pgfaei g ~ F 5 &, 5 £NT15000~,
2007/8/17.

Linuxs £ ﬁf_ézé]ﬁ}gk;% from & # % T %1 € in August 2007.
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