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Abstract: W e design and implement a ne w High-speed HDTV content deli v ery netw ork with

GMPLS-based Optical Slot Switching system which consists of 10ns switching PLZT optical switch

and Ethernet/Optical Slot protocol con v erter as edge router .

c
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1. Intr oduction

The IP traf �c in the netw ork increases rapidly by the speed-up of the access netw ork and the spread of the P2P

application in recent years, and the demand for the high-speed mass forw arding technology has risen. But present IP

netw ork is not suitable for b ulk contents lik e HD (High De�nition) �les because of some reasons. First is backbone

router bottleneck by sharing bandwidth. It causes data transfer slo wly . Second, best ef fort communication doesn' t

support the bandwidth guarantee. Therefore, we design and implement ne w layered structural optical netw ork

architecture for HDTV contents deli v ery . The netw ork consists of tw o layers, P2P application layer and OSS (Optical

Slot Switching) [1 ] transport layer .

2. Lay er ed Structural HDTV Contents Deli v ery Optical Netw ork

2.1 P2P Application Layer

In the application layer , serv er suggests the pre-do wnloading peers and user will create peers for high-speed rich

contents do wnload. The contents which a user prefers to see are automatically pre-fetched by cate gory matching

method. A user machine automatically accesses to the HD contents serv er and disco v eries the peers which ha v e

already do wnloading contents. A user measures the performance of the peers and will set up the optical path which

consists of se v eral slots. Making P2P and pre-do wnloading by optical slot transfer realize the high-speed rich contents

do wnload.

2.2 Optical T r ansport Layer: Optical Slot Switc hing

Figure 1 sho ws our proposed OSS netw ork and block diagram of protocol con v erter as the edge router . Upper P2P

application layer �nds the peer which has HD contents, the user creates optical slot path by GMPLS signaling. The

OSS netw ork consists of a control plane and a data plane, and it synchronizes the de vices in the netw ork. In this

paper , we emplo y three techniques to realize the OSS netw ork. These are PLZT optical switch, GMPLS (Generalized

Multi-Protocol Label Switching) e xtension control protocol and Protocol Con v erter .

W ith con v entional optical switches, it w as v ery dif �cult to realize the OSS netw ork because of its switching time.

Slo w switching causes lar ge guard time between data transfer , and can not realize ef �cient content transfer . Ho we v er , a

high-speed optical switch w as acti v ely researched in recent years. Then, PLZT high speed optical switch w as realized

by Epi Photonics Co.,Ltd. (former Nozomi Photonics) in 2005 [2 ]-[4 ]. The PLZT optical switch enable to switch its

output port with under 10 nsec, and can impro v e the bandwidth utilization by reducing the guard time between data

transfer unlik e the con v entional switches.

W e e xtend the TDM-LSP (T ime Di vision Multiple xing-Label Switched P ath) scheme in RSVP-TE (Resource

ReserV ation Protocol-T raf �c Engineering)[5 ] and realize optical slot reserv ation. RSVP-TE is standardized as the

GMPLS signaling protocol. Before data transfer , one node sends a P A TH message to destination node to collect the

slot used information between tw o nodes through the protocol con v erter (edge router) or se v eral optical switches.
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Fig. 1. Our proposed OSS netw ork and the block diagram of protocol con v ert.
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Fig. 3. The PLZT optical switch unit.

After recei ving P A TH message, destination node collects the desired slots and sends RESV message to source node to

reserv e desired number of slots. When destination node collects the desired slots, v arious types of scheduling can be

selected. F or e xample, in the case of D VD �le transfer , a lot of slot will be assigned to user . The scheduling algorithm

is under e v aluating no w .

W e de v eloped protocol con v erter as the edge router . Since data is transferred with data slot in proposed netw ork,

it is needed to accumulate the data and send with synchronous timing at edge router . In this paper , we w ould lik e to

use the pack et-capture accelerator manuf actured by U10 Netw orks. The Ethernet data which comes asynchronously

from input port are processed at Recon�gurable processor , and b uf fered into DRAM according to destination address

of each pack et as sho wn in lo wer part of �gure.1. This protocol con v erter is tak en synchronization with PLZT optical

switch and sends a data slot synchronously which size is decided beforehand, which the sending period is "Slot".

3. Experiments

3.1 PLZT Optical Switc h System with GMPLS-based Contr oller

In order to realize the proposed slot switching netw ork, we de v eloped a PLZT optical switch system with a GMPLS-

based controller . Figure3 sho ws the PLZT optical switch unit. The system consists of a control unit and an optical

switch unit. The control unit is a Linux-based PC with GMPLS softw are and is connected to the optical switch unit

via a serial cable. The optical switch unit consists of a High-speed Dri v er , optical switch body and controller board.

The controller board includes an FPGA that has a pair of 4000 pattern memory banks. It reads and writes the banks

based on signals from the controller and sends the appropriate switching pattern signal to the high-speed dri v er . The

high-speed dri v er sends switch signals to the switch body upon recei ving signals from the controller board. The

system can acti v ate the switch by slot according to a RESV message from the GMPLS control plane.
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3.2 Pr otocol Con verter: Ethernet to Slot

W e de v elop a protocol con v erter as the edge router between Ethernet-based IP netw ork and OSS netw ork. Figure 2

sho ws the board of protocol con v erter . In our implementation, a protocol con v erter tak es switch timing synchronization

with master PLZT optical switch.

On the other hand, we realize the frame, which consists of se v eral slots. F or e xample, if we reserv e 1000 switching

patterns on the memory bank of PLZT optical switch system, the frame size will be 1000 and 1000 switching patterns

will be read c yclicaly . W e call it "Cyclic Switching" The switch system sends the synchronization signals to protocol

con v erter e v ery 1000 switching pattern. Thus, protocol con v erter tak es synchronization with PLZT optical switch.

3.3 Experimental Network

Figure 4 sho ws the e xperimental netw ork to implement OSS and �g.5 sho ws the picture of the e xperimental netw ork.

In the netw ork, the number of slots in a frame and slot size can be changed as needed. There are three protocol

con v erters, one PLZT optical switch and three users of one contents serv er and tw o clients. User B and C ha v e

preferences, and the serv er kno ws them. If the serv er obtains the contents which match to the user' s preferences, the

serv er sends contents to appropriate user . The serv er sends the P A TH message to the user and set up the optical slot

path.

4. Conclusion

W e ha v e designed and implemented ne w layered structural optical netw ork architecture for HDTV contents deli v ery .

Upper P2P application layer realizes the contents deli v ery netw ork which pre-fetches the contents by cate gory

matching method from contents serv er . Lo wer OSS layer consists of 10ns switching PLZT optical switch and

Ethernet/Optical Slot protocol con v erter . By the e xperiment, we sho wed the system feasibility of our proposed

netw ork.
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