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Abstract [

A network interface (NI) for wavelength-division multiplexed Byl g -
(WDM) gigabit networks is presented that is based on field pr¢- = YL st II ' A
grammable gate array (FPGA) technology. This NI is bein_'r!-' — = 0 E ]
used forLiGHTNING, a dynamically reconfigurable WDM net- | " EEF R
work testbed project for supercomputer interconnection. T .
NI is implemented using FPGAs to allow experimentation i
volving the media access protocol and reconfiguration cont
for LicHTNING. This reprogrammability will also allow the NI
to be used as a general testbed platform for WDM gigabit neg

works.
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I. INTRODUCTION

Computer systems have developed rapidly over the past few
years. Specifically, processor speeds continue to increase but
I/O capability continues to lag. This is not a new trend yet no
general solution to this perpetual problem has emerged. This
paper describes an approach to support high-performance I/O -
both interprocessor communication and remote file system &annels, separated in wavelength, to be concurrently transmit-
cess - with a combination of high speed optical network déed on a single fiber. The channels can be individually accessed,
signed specifically for this situation. routed and switched. The architecture can be viewed as a tree,
The objective is to develop a scalable technique for clughere processors reside at the leaves and the internal nodes
tering: a strategy that is effective (both in performance arftive wavelength- and spatial-switching capabilities. This class
price/performance) with both workstation-class processor inté@farchitecture for processor interconnection was first described
connection and high-performance supercomputer-system le¥f1]. Section Il. briefly describes the structure.
interconnection. The interconnection strategy needs to be flex-An advantage of this architecture is that bandwidth can be
ible to adapt to the severe cost constraints at the low-end athghamically re-allocated throughout the system to adapt to
performance requirements at the high-end. This paper defilsgifts in traffic patterns. The bandwidth assigned to different
the general architecture, and then defines more specificallylevels of the hierarchical system can be dynamically increased
experimental testbed currently under construction known asdecreased, based on the reference patterns and file activity
"LIGHTNING” that is targeted to supercomputer interconnectionf the system. However, in comparison to traditional reconfig-
This is a joint project involving the State University of Newurable architectures, threconfiguration of the system is auto-
York at Buffalo (Buffalo, NY), University of Maryland (College matic and hidden from the useThe user does not have to logi-
Park and Baltimore County, MD), Laboratory for Physical Scieally map an application to a specific topology or inform the op-
ences (College Park, MD), Center for Computational Sciencetating system at compile- or run-time of its intended commu-
(Bowie, MD), and David Sarnoff Research Center (Princetonication patterns.iGHTNING senses the traffic patterns inherent
NJ). to an application and adapts itself accordingly. This function is
The optical network is hierarchical and based on wavelengthidden from the user and the operating system and avoids plac-
division multiple access (WDMA). WDM creates multipleing the burden of understanding the specifics of the system on

the programmer. The programmer views the system as a pool
*This work was supported by the U.S Department of Defense, Laborato,

for Physical Sciences, College Park, Maryland. The authors can be reacheg\faproqessors and is n.Ot mvglved with process placement. The
{dch,dowd }@eng.umd.edu. Preprints and related articles are availabléjperat_mg system, durlng initial process placement and during
via WWW at http://tebbit.eng.umd.edu’. migration, favors placing a process within the level-1 or level-2

Figure 1: Original prototype card f&nGHTNING.




cluster depending on size.

An FPGA-based network interface (NI) has been designed
and is being constructed that will be used to construct a giga-
bit WDM testbed. Figure 1 shows the original prototype card
used to verify the media access protocol and optical devices at
250 Mb/s. The goal of the testbed currently being developed is
to support a (weakly coherent) distributed shared memory en-
vironment between the interconnected processors. This is ac-
complished through a combination of the network architecture,
operating system, and network/memory interface design. The

goal is not just to provide a high-bandwidth network, but to de- i1
liver that bandwidth to the application rather than wasting it in
operating system overhead.

This paper briefly describes the basic architecture and me-

dia access protocol ofIGHTNING in Section Il.. Section IIl.
describes how the media access protocol is supported using the
FPGA-based NI. Section IV. describes the components that will
be used to build the NI. The paper concludes with a summary
of the work presented and a discussion of the reconfigurability
of the NI, its application as a general testbed for WDM gigabit
networks, and future work planned in this area. i
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work. First background information is discussed providing a
framework for discussion, and then the architecture is defined.
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The media access protocol is then presented.
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The LicHTNING architecture was influenced by some of the
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strengths and weaknesses of the Fat-Tree [2EHTNING re- \
tains the advantages of the Fat-Tree structure — a low latency, !
scalable interconnection — while avoiding some of the limi-
tations through optical interconnects. Optical networks have
many advantages over metallic interconnections such as a re-
laxed bandwidth distance product, large fan out, low power con-
sumption, reduced crosstalk and immunity to electromagnetic
noise [3]. Major considerations in determining the best place-
ment for optical connections is the speed mismatch between the
optical and electrical components [4] and the performance/cost
requirements. Optical fiber has a 30 THz bandwidth [5], much
larger than the metallic bandwidth. To simply replace metal
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Fdgure 2: Wavelength partitioning device used to achieve spatial
separation of wavelengths. (a) Functional behavior of Lambda

Partitioner. Wavelengths above and below the partition point are
cross-routed and bar-routed, respectively. Selection of the par-

A. Lightning Structure

LiGHTNING has a hierarchical structure in the form of a genergf

tition point is electronically controllable by the LIM interface.
) Structure of lambda partitioner.

m;-ary tree. The leaves of the tree are processors and the inte-
rior nodes are routing elements. The system uses time-, space-,
and wavelength-separation to increase the usable bandwidth in
the system.

Internal nodes provide wavelength selective routing. The
spatial and wavelength optical routing element is denoted as a
Lambda Partitioner 4,). The structure of a Lambda Partitioner
is shown in Figure 2. The purpose of thg, is to provide a
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Figure 3: Lightning building blocks. (a) Receiver subsystem where each node can concurrently receive on any two of the wave-
lengths in this example; (b)A single level example showing that each node contains a receiver described in part (a) and a 4-
wavelength laser array and are connected via the wavelength partitioning component. Note that the configuration is illustrated in
a star configuration but a bus-type of configuration is possible depending on power budget considerations.

wavelength routing capability where specific wavelengths could Cy. If the second processor is not in the same level O cluster

be routed to the upper level and other wavelengths could be bet is in the same level 1 cluster, a channelinis used.

tained in a lower level. This enables wavelength re-use at peerThe determination of which channel to transmit on is dis-

levels of the hierarchy and reduces the total number of requiredssed in Section B.. Note that spatial re-use of the wavelength

WDM channels. channels in different clusters occurs. A symmetric network
A mixed radix system [6] is used to represent the node nuwould have all thé-level wavelength partitioners in the network

bering. LetM (the total number of processors) be a decimalkt to the same partition point. Alternatively,s in spatially

integer represented as a product ¢&ctors: separate clusters could partition the wavelengths differently, as
. longs asX; < X;y1. In either case, the partition points can
_ be dynamically changed. This allows the network to adapt to
M =[] mi (1) N . .
paiey changes in traffic patterns.

The total number of spatial/wavelength channels in the sys-
tem, denoted ag, can be calculated to determine the advan-
tage of wavelength re-use. For example, consider a symmet-
P=(prprtsop) @) ric f:onfiguration yvhereMj = [Ii=,., m: denotes the number

of j-level nodes in a hierarchy, arfj as the number of chan-
wherel < p; < m; forall 1 <i < r. The termr denotes the nels allocated foi-level communication. Since there are a total
number of hierarchical levels. of M; j-level nodes, there i§;1; channels providing-level

An example of a single level network is shown in Figure 3sommunication.

and a 3-level example is shown in Figure 4. A bus based systemTherefore the total number of channels inralevel system
is drawn for clarity in Fig. 4 but the actual implementation is g

The processor identifig?, 1 < P < M, can be represented
as anr-tuple

star-coupled based system. r r
The function of theA, is to serve as a x 2 switch for each c=>¢ [[ m™ 3)
wavelength channel as illustrated in Fig. 2. Denote the number =1 k=j+1

of wavelength channels @and the ordered set of channels as  ~gnsider a small system aff = 4 x 4 with C' = 4. In this
A = {\, A2, ..., \c}. All the wavelengths below thelevel
partition point are retained within thelevel cluster while all
wavelengths above the partition point are routed toithel

level cluster. If thei-level partition point was set gt, then
wavelengthg A1, Ao, . .., A; } are be retained within levél and B. Media Access Protocol

{Nj+1,Aj42,..., Ac} are routed to level + 1.

The set of partition points in artlevel system are denoted asThe wavelength multiplexed environment requires a media ac-
{Xo, X1,...,X,}. With the partition points staggered at eacleess protocol to arbitrate access. With existing upper layer pro-
level such thatX, < X;...X,_; < X,, a separate set of tocols in mind, the media access protocol has been designed to
wavelength channels are dedicated for communication at eaofploit the bimodal pattern of network traffithere have been
level. DenoteC; as the set of channels allocated felevel many studies dfypical Internet traffic, with TCP/IP, and a com-
communication| C; |= X; — X;_; whereX, = 0andX, = mon trait is the bimodal distribution of packet size: essentially
C'. Denote the collection of processors beneath-kvel node all of the traffic consists of either big packets or small packets
as ani-level cluster. If a processor wants to send a messagewith little traffic in between [7,8]. Batched applications, such as
another processor in the same level O cluster, it uses a charitgltend to use large data packets to get high throughput while

example, the total number of effective channels increases to a
maximum ofC = 13 through wavelength re-use.
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Figure 6: Block diagram of the network interface.

interactive applications, like telnet, tend to use small packets filve reservation control block (RCB) which is followed by the
low latency. memory block transmission phase. Figure 5 shows the alloca-

This characteristic is also true with distributed shared merfion map for a two level media access protocol where each level
ory computer systems. The traffic, generated by a memory dts two channels. The control packets are broadcast (on the sub-
herence protocol needed to achieve DSM, has two major forni§t of channels assigned to the level of the target node) while the
memory consistency control packe{such as memory block data blocks can be sent on any channel available to that level,
requests, invalidations, acknowledgments) ameimory block regardless of destination. A data packet causes the data cycle
packetg9]. Memory consistency control packets are very smalp be extended by a slot only when all channels in the previ-
while the memory blocks can be up to 8 Kbytes. In a norus slot are full or if there is a destination conflict. The only
broadcast scheme there can be multiple memory consistefBgnnel conflict that can occur during a data slot is when two

control packets for every memory block that needs to be trarf§-more nodes target the same destination. High utilization is
ferred. maintained by having the second node transmit in the next data

t. Note that this enables a collisionless environment but sig-
{cantly reduces the overall cycle time, when compared with
MA, since data block slots are only assigned when they are

The media access protocol has been designed to exploit l’ﬂ|
characteristic. The media access protocol supports two differ

packet sizes. Small packets calleahtrol packetsare used to ded. This sianif v red he | . Fi 5
reserve access to the network. These packets are only 64 b ed. This significantly reduces the latency SINCe Figure > 1S
long, but they are also capable of carrying a small payload (Pt drawn to scale gnd the data blocks are typically more that
32 bytes. This can be used for transferring small packets frot‘r"}luo orders of magnitude Igrger th"f‘h a control slot. )

The laser-array transmitter facilitates broadcast by simulta-

applications as well as the memory consistency control packets & )
necessary to support DSM. Control packets reserve access'fopusly transmitting a control packet on all channels assigned

sending large packets referred todeta packets These are 8 to the target level of a system. This enahlesHTNING to obtain

Kbytes long and can carry large packets from applications gge advantages of a reservation-based protocol without requir-
well as memory block packets ing a WDM channel to be a dedicated control channel. This is

. . especially important in a multi-level architecture since one con-
The protocol combines reservation access and pre-allocattt%

. . : channel would have to be assigned per level. A basic as-
receivers. Typical reservation style WDMA protocols use OrB%mption and constraint dnGHTNING is not to require a large

of the channels as a dedicated control channel [10]. Howev%mber of WDM channels soGHTNING has no dedicated con-

the number of available WDM channels usually is small ant‘f‘ol channels and only uses the channels in that mode for a small
there are usually many more nodes than number of channelsfr tion of the cycle duration

such a situation, reserving one channel as the control channe
is not very attractive. The media access protocol faEHT-
NING is a hybrid approach using reservation access but wi ; ;
out a reserved control channel. Furthermore, it was designed Reconflguratlon of the Network
specifically for the situation where each node had a fast-tunaligie of the unique features of thesHTninG architecture is the
transmitter (based on a laser-array) and a slow tunable receigjiiity to change the number of channels assigned to each level
The protocol reserves access on a channel through contrbthe hierarchy. This provides a utility for increasing the band-
packets. Transmission on each channel consists of two phasédth to levels with higher traffic loads thereby exploiting tem-
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Figure 7: Control and data cycle for one level. The clock and control packets are broadcast;omasiélengths. Data packets
are sent on individual wavelengths. (NOTE: Figure is not drawn to scale. Data packets are several orders of magnitude larger thar

control packets.)

poral locality. Increasing the bandwidth would lead to a reduc- The hierarchical nature ofIGHTNING requires a separation
tion in overall system latency. of traffic to each level of the hierarchy. For this testbed a two
This is accomplished by monitoring the traffic patterns of thevel system will be implemented. The host interface controller
system, in a decentralized fashion, with dynamic reallocationwfust therefore determine to which level an incoming packet is
system bandwidth when an imbalance occurs. Monitoring ogestined. The host interface controller is also responsible for
curs at the media access levelperating system intervention ismultiplexing the two incoming traffic streams into one stream
not required The monitoring routines measure the traffic interthat can be sent to the host via the PCI bus.
sity of each level and detect imbalances. When an imbalanceThe media access protocol also requires a separation be-
is detected, the routines decide on the best course of action amden small control packets and larger data packets. This dis-
initiate the system resource reallocation. Close interaction hgiction is also made by the host interface controller. Once a
tween the reconfiguration routines and the media access prgiacket has been identified by both type and level the host in-
col is required to ensure proper operation of the system andi¢oface controller stores it in the appropriate FIFO, as shown in
place no additional burden on the system. Figure 6, to wait for an available slot in the media access cycle.
Due to space constraints the full details of the reconfigura-

tion algorithm has been omitted from this work. For a more . . .
detailed description refer to [11, 12]. B. Media Access and Reconfiguration

Control (MARC)

[Il. NI FUNCTIONAL DESCRIPTION The MARC section of the NI is responsible for synchronizing
) i o _the NI to the other nodes in the system, processing incoming

A block diagram of the NI is shown in Figure 6. The NI isy4ckets, scheduling the transmission of control and data pack-
made up of three main sections: the host interface, the meg{a and monitoring the system traffic to control bandwidth al-
access and reconfiguration control (MARC), and the physiqglation. These functions act in parallel to ensure smooth oper-
interface. The host interface connects the NI with the host cO¥ion, of the network.
puter through the system bus. The MARC section performs the
scheduling and synchronization necessary to access the phys-
ical medium, as well as monitoring the system traffic and ré

configuring bandwidth when necessary. The physical interfagge | currently uses a distributed clock mechanism to main-
handles the encoding/decoding and parallel-serial-parallel Cyy, synchronization between nodes. Since each level operates
versions necessary to interface with the optical transceivers. independently a separate clock is kept for each level. This clock
is distributed by a clock node on each level. To increase the fault
A. Host Interface tolerance of the sy;tem any node can assume the responsibility
of the clock node if it does not detect one on the level.
The host interface connects the NI with the host computer Atthe beginning of every control cycle the clock node begins
through the system bus. For this testbed implementation thye sending a clock packet as shown in Figure 7. This packet
host computer will be a PC and the system bus will be PQiontains the clock node’s current time at the beginning of the
The interface to the PCI bus will be handled by a commercialbontrol cycle, as well as the propagation delay from the clock
available PCI chip (see Section A.). The host interface conede to theA,on that level. All nodes periodically measure the
troller arbitrates access to the local side of the PCI chip. propagation delay through the system on each level and estimate

Synchronization
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Figure 4: Example of a 3-level Lightning system. A bus base
system is shown for clarity but implementation is closer to Payload
star-couple configuration.

Figure 9: Packet format for control packets. As indicated in the
figure, control packets can be used to carry a payload as well as

S reservation information to support small packet transfers.
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E 02 [nt x2 xo na \ X1 x2 xa xa When a reservation packet is received the source and desti-
M xa x2 x3 xa x1ix2ix3 x4 nation tags contained in the header are examined. These tags

e lemmmome - (RO LS Wwill determine what actions must be taken. There are three pos-
sible transactions that can occur when a reservation packet is
Figure 5: Assignment map for a two level media access protoceteived: a general data packet is scheduled that does not con-
for M =4 x 4andC = (2,2) cern the current node, a data packet is scheduled to be received
by the current node, or a data packet is scheduled to be trans-
mitted by the current node. A block diagram of the hardware
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Figure 10: Block diagram of the reservation hardware. Receiver collisions are detected, the receiver's wavelength is recorded for
each data slot, and the data slot and wavelength are recorded when transmitting a data packet.

for handling reservations is shown in Figure 10 as a referenthe position of the current data slot in the current data cycle is
for the following descriptions. known at all times. When a reservation is received it is assigned
to the next available wavelength. These two pieces of infor-
. mation together allow a node to tune its receiver to the correct
General Data Packep Allreservations for data p'ackets, e\/(aQ/vavelengjth in the correct data slot to receive its intended data
those that do not originate from and are not destined to the ¢ L ket
rent node, require a certain amount of processing. Each node™
keeps track of the destinations of the most redemtata pack- ~ Since the level's receiver must always be tunedsome
i-level communication. As reservations are received these disthe wavelength that it will be tuned to in each data slot.
tinations are compared to detect receiver collisions. Receiveie default wavelength is the first available wavelength for that
collisions occur when two data packets destined to the saff¥el. When a reservation packet is received for a data packet
node are scheduled in the same data slot. Sinceitnine destined to the current node the wavelength for the current data

uses a collisionless protocol these possible receiver collisicHgt iS changed to the currently available wavelength. When
must be detected and avoided. the data cycle commences the receiver is tuned to the recorded
The current method for avoiding these receiver collisions Ysavelength for each data slot in turn. Since the data packet in
very simple. When a possible receiver collision is detected tHt Slot may not be destined to the current node it s still exam-
current data slot is considered filled regardless of how malfjd and the destination tag compared to the current node. Data
wavelengths are being used. While this causes a reductiorPfckets not destined to the current node are simply dropped.
bandwidth utilization it allows the media access protocol to ogNiS does not put any undue burden on the NI since only one
erate fast enough to keep up with the steady stream of reifta packet per data slot must be examined at each node.
vation packets without having to buffer reservations, thereby
possibly causing a processing delay. Since the MARC is imple-

mented in a FPGA it will be possible to experiment with more itting Data Pack When th .
efficient scheduling methodologies in the future. The most effifansmitting Data Packets en the source tag In a reser-

cient method would be to sort all of the reservations for a cchéltion packetis the same as the current node certain information

to get the highest possible bandwidth utilization must be recorded so that the current node can transmit its data
If there are no receiver collisions in a data slot the data pa&a—wket' This is very sjmilar to receiving data packets §ince .the

ets are simply assigned to tde wavelengths on a first-come-nOde must record which wavelength will be used and in which

first-serve basis. When all of th& wavelengths are assigneddata slot the data. packet must be placed. The main .difference
for a data slot the data cycle is extended by one data slot a{ﬁéhat each node is allowed to send only one reservation packet
the process is continued until the end of the control cycle. THIE' control cycle and, therefore, only one data packet per data

process occurs for all data packet reservations and so will ﬁgfle' Since other n0d§§ will be trapsmﬂtmg their datg packets
be repeated in the following descriptions. in the other data slots it is not possible for a node to simply al-

ways be transmitting on some wavelength. Thus, both the data
slot and the wavelength are recorded and used to transmit the
Receiving Data Packets When the destination tag in a reserdata packet at the appropriate time on the appropriate wave-
vation packet is the same as the current node certain infornfength. This will ensure that the packet does not collide with
tion must be recorded so the node can receive the data pac&atther data packet.



3) Reconfiguration Control will be used in the NI. The specific manufacturer and model

. . . L umber that will be used in the testbed are given. In most cases
Each node in the system is responsible for monitoring the tra ICere are several different products that are suitable

on each level of the network. The relative traffic intensities are

then compared to identify a level of the network that requires

more bandwidth. If such a condition exists the node notifie  PC| Interface

the rest of the system and reconfigures the allocation of wave-

lengths to correct the situation. Once this is accomplished thee PCl interface is the S5933 from AMCC. [13] This chip han-

system resumes normal operation. For more details on recdfes 32-bit PCl buses at 33 MHz. The local bus interface is very

figuration see [11, 12]. versatile and allows a pass-thru, FIFO, and mailbox type inter-

face. This allows the greatest freedom in accessing the NI. The

. S5933 also supports burst reads and writes which will be used

C. Phy5|cal Interface to transfer data packets between the card and the main memory

The physical interface is responsible for converting the paral@ the host. There is also a freely available driver for Windows
stream of data from the MARC into a coded serial stream fOfT from Blue Water Systems. [14] This will make it easier to
the optical transceiver, and vice versa. This includes 8B/16#§Pug and test the interface.

encoding/decoding, parallel-serial-parallel conversions, bit syn-

chronization, and frame recovery.
The interface between the MARC and physical interfac%' Host Interface Controller

consists of one FIFO per level per direction. For this implefhe host interface controller is comprised of a Xilinx
mentation there are two transmit FIFOs and two receive FIFQ&c4036XL-1 FPGA. [15] This chip was chosen for its size and
Data is taken from the transmit FIFOs and sent through a coBpeed capability. Since the PCI bus is limited to 33 MHz this
mercially available 8B/10B encoding chip for use in gigabit FIEPGA is able to operate at the same speed as the PCl interface.
bre Channel and Gigabit Ethernet systems. These chips acgeiy maximum typical gate count of 65,000 gates it is capable of
32 bits of parallel data and encode it into four 8B/10B encodgfioviding all of the functionality needed for this part of the de-
words. These are then sent to a commercially available Filgign. [16] It also provides the freedom to specify the card layout

Channel transmitter that performs the parallel to serial conveind connections without completely designing the functionality
sion and transmits the data in serial format. of the chip.

The receiver is also a commercially available Fibre Chan-
nel receiver chip that performs both clock recovery and frame ) . .
synchronization on the incoming data. The data is then sent@®. Media Access and Reconflguratlon
the 8B/10B decoder, which outputs 32 bit words of data to the
receive FIFOs. Control (MARC)

The physical interface controller is implemented in afhe MARC is comprised of a Xilinx XC4052XL-1 FPGA. [15]
FPGA. The controller selects the wavelengths for both the trarghis chip was also chosen for its size and speed capability. At
mitter and receiver on each level and controls the flow of dagamaximum typical gate count of 100,000 gates it is capable of
to/from the FIFOs that connect the physical interface to thgoviding all of the functionality needed for this part of the de-
MARC. Using an FPGA to implement the controller will pro-sign. [16] It also provides the freedom to specify the card layout
vide flexibility in interfacing the various components and wiland connections without completely designing the functionality
not limit the physical interface to one specification. of the chip.

For our particular application it may be necessary to achieve Much of the functionality of this chip is comprised of state
clock recovery faster than the commercially available chips ahachines. The various state machines operate completely in
low. To facilitate this we have also included a clock input foparallel, unlike the context switching that would be necessary
each data input to the receiver. This allows us to perform clogth microprocessors. The program for the FPGA is stored in
recovery externally and provide both clock and data to the rgn EPROM. The part can be completely reprogrammed an al-
ceiver chip using a special test mode of the chip. This withost infinite number of times. Not only can errors be corrected

give us the ability to experiment with novel clock recovery techhut new features can be added, as well as experimentation with
nigues for gigabit packet switched networks. completely new functionality.

IV.. NI COMPONENTDESCRIPTION  D. Physical Interface Controller

All of the components that will be used in the NI are commeifhe physical interface controller consists of a Xilinx
cially available chips. These include a PCI interface chip, seC4028XL-1 [15] with a maximum typical capacity of 50,000
eral FIFOs, three FPGAs, 8B/10B encoder/decoder chips, Bates. [16] This part, like those mentioned above, allows the
bre Channel transmitters and receivers, as well as assorted phgsical interface to be flexible and operate at the required
drivers and a programmable clock generator. This section dgeed. It also allows the various levels and directions of traffic
scribes the main components and the specific functionality thatoperate completely in parallel, thus avoiding any bottlenecks.



E. 8B/10B Encoding/Decoding Chips  The only limit would be the capacity of the FPGA, which in this

. . L . case is very large.
The line encoding and decoding is performed by a pair of gy jlizing the second half of the two level system many

Vitesse VSC7107. [17] These are 8B/10B encoder/decoqgher novel WDM systems could be implemented. Multi-star
chips for Fibre Channel serial links. They operate up 10 &gtems, multiple rings, trees, and other topologies would be
1.0625 Gb/s serial data rate over copper or optical links. TrB%ssible. This capability provides a great opportunity for ex-
allows an actual data rate of about 800 Mbr/s. ploration of many different topologies that has never been pos-
sible before due to the cost and complexity of building all of

. . . the necessary hardware. By using FPGAs it is possible to cre-
F. Transmitter and Receiver ChIpS ate a whole new network simply be redesigning the contents of

The transmission and reception of the serial data streamﬂ?? FPGAs thgmselves.' While this is stil a'challenging' tgsk
handled by AMCC S2046 and S2047 chips, respectively. [1% many architectures, it is much more feq5|ble than buHng
These chips interface easily with the encoder/decoder and prP w NIs for each topology. Future work will center on using

vide transmission and reception up to 1.25 Gb/s Howevgf“-s flexibility to explore various network reconfiguration algo-

since the encoder is limited to 1.0625 Gb/s that will be the dartléhms'

rate employed.
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