                      The Architecture of a Reconfigurable

                                                                                                   ATM Switch (RECATS)

Edson L. Horta, Sergio T.Kofuji

                        Laboratory of Integrated Systems - Depart ment of Electronic Engineering

                                              Escola Politécnica da Universidade de São Paulo, São Paulo, Brazil

    Av. Prof. Luciano Gualberto, trav. 3, 158. CEP 05508-900 - São Paulo, SP, Brazil

                    Tel: (011) 818-5589 fax: (011) 211-4574. horta@lsi.usp.br, kofuji@lsi.usp.br

                    Ab st ract  : this work describes the architecture of a reconfigurable AT M switch

                    that is capable of changing its hard ware features "on the fly", according to

                    special packets traversing the net wor k. In order to accomplish this goal, it will be

                    used a FPGA that supports partial reconfiguratio n.

                    Keywords : reconfigurable logic, partial reconfiguratio n, AT M switching.

1.  Introduction

                    Reconfigurable logic can be used practically in ever y digital system to provide

better performance. T he main approaches of this technology are Run-T ime

Reconfiguratio n and Co mpile-T ime Reconfiguratio n.

                    T he AT M switch is a cr ucial co mponent in the network t echnolo gy. It can be

implemented using standard or reconfigurable logic. When the switch is implemented

with reconfigurable logic, it can change its features d ynamically, providing to the

network a great variety o f services that would take so much longer to be available.

                    In the next sections, the architecture of this reconfigurable AT M switch will be

presented and so me applications for these elements will be discussed.

2.  Reconfigurable Logic

                   Reconfigurable Lo gic is implemented with a co mponent called FPGA (Field

Programmable Gate Array), that is based on SRAM elements. T hese elements can be

reprogrammed an unlimited number of times. According to [8], the implementation of

a system that uses reconfigurability can be done in two ways: Co mpile-T ime and Run-

T ime Reco nfiguration.

                    In Co mpile-T ime Reco nfiguration (CT R) the FPGA does not change its

configuration during the application lifetime. Each application has its specific functio ns

that are loaded when yo u start it. So me examples of CT R systems are SPLASH I and II

(a Reconfigurable Linear Lo gic Array) [2] [3] and PAM (Programmable Active

Memories) [11] [12].

                   T he Run-T ime Reco nfiguration (RT R) allo ws changing the functio ns of the system

during the application execution. So me examples of RT R systems are I mputer

(Imaging Co mp uter) [13] and RRAN 2 (run-time reconfigurable artificial neural

network) [4].

                   T he implementation o f RT R can be done in two ways: global or local.

                   T he global RT R reconfigures all the FPGA when it changes the configuration. In

order to have an efficient partition of configuration, one has to go through an iterative

process that divides the system into segments using as much as reconfigurable
resources as possible. T his is an iterative process because no one kno ws the p hysical
size of a partition before it has been placed and routed.

                   T he local RT R, also named partial reconfiguration, consists of programming only a
part of the FPGA, reducing the reconfiguratio n time. T he partition process of this
implementation is based on a functio nal division of the system.

3.  The Reconfigurable Sw itch

                   A s witch is a set o f inp ut and output ports that interconnects users, other s witches or
other network elements. Its architecture can be seen in the figure 1. According to [1] it
can be divided in: SM (System Management), CAC (Connectio n Ad missio n Control),

IM (Input Modules), OM (Outp ut Modules), and CSF (Cell Switch Fabric).

I M

I M

I M

I M

O M

O M

O M

O M

C A C

                                          D A T A _ I N

C

S

F

S M

D A T A _ O U T

Figure 1 - A Switch

                   T he System Management (SM) module is responsible for performing all the
management and traffic control functio ns to ensure the correct and efficient operation
of the s witch.

                   T he Connectio n Ad missio n Control (CAC) mod ule processes and interprets
signaling infor mation and decides about the co nnection ad missio n or rejection. T his
block is responsible for the interaction with other users and other switches through
signaling, and resource allocation decisio ns for requested connectio n.

                   T he Input Modules (IM) treat the inco ming cells and prepare them for routing
trough the CSF (explained later). It is possible, also, to have so me functions of CAC
and/or SM integrated on the IMs. T his integration yields a better performance, but it is
more expensive to imp lement.

                   T he Output Modules (OM) receives cells fro m the CSF and prepares them for
physical transmission on the output links. T his block is simpler than the IM and may
have so me functio ns of CAC and/or SM integrated on it.

                   T he Cell Switch Fabric (CSF) routes the user data cells fro m input to output ports
and possibly route signaling and management cells between others functional blocks in
the switch.

                    T o transfor m the s witch explained above in a reconfigurable one [5] it is necessar y
to include a Reco nfigurable Control Block, a Configuratio n Memor y block and make
the CSF programmable (see figure 2).

I M

I M

I M

I M

O M

O M

O M

O M

C A C

R E C O N F I G

C O N T R O L

C O N F I G

M E M O R Y

                                           D A T A _ I N

R E C O N F I G _ S W I T C H

C S F

D A T A _ O U T

P R O G R A M

D A T A

P R O G R A M

D A T A

Figure 2 - Reconfigurable Switch

                   T he CAC block will monitor the data entering the switch b y each one of its input

ports. When so me special codes encapsulated in the data appear, the CAC sends them

to the RECONFIG CONT ROL.

                   In order to implement the reconfigurable switch (RECAT S), the project AT LAS I

[10] will be used as a starting point. It is a single-chip AT M switch with credit flo w

control, described in Verilog. T he source code will be modified to introduce the

reconfigurability.

                    T he main blocks o f AT LAS I [9] switch are:

·
       16x622 Mbits/s I/O High Speed Serial Links: ST RINGS (BULL macrocell ), with

          IEEE 1355 HIC/HS;

·
       4 parallel ports UT OPIA [14] like (8 bits);

·
       1 microprocessor port used to control the chip;

·
       1 serial ROM port, used to load the switch configuration;

·
       load monitoring block;

·
       256-cell shared buffer, implemented in a 28-stage pipelined memor y (SRAM ’s);

·
       54 output queues (3x16 links + 3x1 multicast + 3x1 management) with credit-based

          flo w control, implemented in seven memor y blocks: two dual ported SRAM ’s, one

          four ported SRAM ’s (full-custo m), two d ual ported CAM ’s (full-custo m), one dual

          ported SRAM (full-custo m) and one triple ported CAM (full-custo m);

·
       translatio n table, implemented with single ported memor y;

                    In the f irst version o f RE CAT S switch, the follo wing changes will be made to the

AT LAS switch:

·
       take out the 16 I/O Serial Links;

·
       take out 3 parallel ports;

·
       take out the microprocessor port;

·
       take out the serial ROM port;

·
       take out the load monitoring block;

·
       take out the credit-based flo w co ntrol;

·

       transfor m the parallel port in a UT OPIA inter face, with 4 MPHY links;

·

       reduce the output queues to 15 (3x4 links + 3x1 multicast);

·

       introduce a reconfigurable module in the o utput queues;

·

       implement a special link that will be multiplexed with the UT OPIA link, in order to

          provide the path to the reconfigured portion of the switch;

                         T he main blocks o f RE CAT S are:

·

       Input Module (IM)

·

       Output Module (OM)

·

       Shared Data Buffer (SDB)

·

       Queues Management (QM)

·

       VPI/VCI Translation T able (VPI/VCI TT )

·

       Control Unit (CU)

·

       Partial Reconfigurable (PR)

                    T he IM will receive the cells fro m a UT OPIA receive interface with four links

(MPHY). T he cell bodies will go to the shared buffer and the headers will go to the

VPI/VCI Translation T able. T he IM will also send the OAM cells to the Co ntrol Unit.

                    T he T ranslation T able will perfor m so me operations in the cell header and,
according to them, it will assign to the cell a specific priority level in the Queue

Management block.

                    T he Control Unit will mo nitor th e OAM cells and it will program the translation
table in the signaling phase. It will also be responsible for the partial reconfiguration of
the switch and the internal register s programming.

                    In the outp ut of the Shared Data Buffer it will be placed the Partial Reconfigurable
block. T his module will be connected to the Output Module via a multiplexer, that will
be used to decide if the cell body will pass through the partial reconfigured part or not.

                    T he Output Module will reassemb le the cell, with the h eader fro m the Queue

Management block and it will send them through the UT OPIA transmit interface.

                    T he Queue Management Block will have three priority levels: high, middle and
lo w. In the high level, the cells will go directly to the outp ut link. In the middle and lo w
priority level, the cells will be scheduled to go out of the switch as soon as the high
level queue of the desired link is emp ty.

                    T he RECAT S block diagram is sho wn figure 3.

Figure 3 - RE CAT S

                    T he initial and default configuration file for the FPGA will be loaded from a BOOT

EPROM. After this, the partial reconfiguratio n files will be loaded through special cells

( with unused VPI/VCI fields) and they will be stored in nonvolatile memories. When

the switch receives a reconfiguration co mmand encapsulated in a special cell, the

Control Unit will access these memories and the files will be transferred to the FPGA.

                    T he VIRT EX [15] FPGA will be used to implement the RE CAT S, due to its partial

reconfiguratio n properties. T he floorplanning will be designed to allocate a specific

physical space in the co mponent for the partial reconfiguration portion.

                    T he switch will operate in normal mode until it receives a configuration co mmand

and an activating co mmand. First, it will reconfigure the switch. T hen, after the

reconfiguratio n is done and after it receives the activating command, it will control the

multiplexer for the outp ut, in order to the cell bodies be modified b y the reconfigured

part.

                    T he BOOT  EPROM will be connected to the JT AG pins o f th e FPGA and the

nonvolatile memories will be connected to the SelectM AP inter face of the FPGA. T he

Control Unit via an exter nal signal to a controlled oscillator will enable the CCLK of

SelectM AP inter face. T he Control Unit will generate the non-vo latile memo ries co ntrol

signals also.

4.  Conclusion

                    T he architecture of a Reconfigurable AT M Switch (RECAT S) was presented. Its

main features are:

�  one UT OPIA interface, with fo ur links (MPHY);

�  three output q ueues per link, with priority levels;

�  partial reconfiguration o f the CSF o utputs;

�  internal VPI/VCI translation table.

                    So me applications for this switch are:

�  the implementatio n of so me MPI Collective Operations [6];

�  the implementatio n of hard ware-based cr yptography;

�  the implementatio n of Active Networks [7].

5.  References

[1] T . M. Chen, and S. S. Liu, AT M Switching Systems, 1995, Norwood, MA:

Artech House, Inc, 1995.

[2] M. Gokhale, Bill Holmes. Andrew Kopser, Dick Kunze, Dan Lopresti, Sara

Lucas, Ro n Minnich, Peter Olsen, SPLASH: A Reconfigurable Linear Logic Array,

Januar y 1994

[3] D. T . Hoang. Searching genetic databases on Splash 2. In D. A. Buell and K. L.

Pocek, editors, Proceedings of IEEE Workshop on FPGAs for Custo m Co mp uting

Machines, pages 185-191, Napa, CA, April 1993.

[4] J.D. Hadley, B. L. Hutchings, Designing a partially reconfigured system, in Field

Programmable Gate Arrays ( FPGAs) for Fast Board Development and Reconfigurable

Co mputing, John Schewel, Editor, Proc. SPIE 2607, pp. 210-220 (1995).

[5] Edson L. Horta, Carlos A. P. S. Martins, Sérgio T .  Kofuji, RECAT S: A

Reconfigurable AT M Switch Proposal, em Workshop em Arquiteturas

Reconfiguráveis-IX Simpósio Brasileiro de Arquiteturas de Co mp utadores-

Processamento de Alto Desempenho, Campos do Jordão - Brasil, 1997

[6] Edson L. Horta, Sérgio T akeo Kofuji, Using a reconfigurable switch to improve

MPI performance, 4th I nternatio nal Co nference on Co mputer Science and Infor matics,

Research T riangle Park, NC, USA, October 1998

[7] Edson L. Horta, Sérgio T akeo Kofuji, Using reconfigurable logic to imp lement na
active networ k, 15th Inter national Conference on Co mp uter and T heir Applications,

New Orleans, LO, USA, March 2000

[8] B. L. Hutchings, M.J. Wirthlin. I mplementation Approaches for Reconfigurable

Logic Applicatio ns, In 5th International Workshop on Field Programmable Logic and

Applications, pp 419-428, August 1995, Oxford, England.

[9] G. Kornaros, D. Pnevmatikatos, P. Vatsolaki, G. Kalokerinos, C. Xanthaki, D.

Mavroidis, D. Serpanos, M. Katevenis I mp lementatio n of AT LAS I: a Single-Chip

AT M Switch with Backpressure, in Proc. IEEE Hot Interconnects VI Symposium,

Stanford, California, USA, Aug. 1998.

[10] M. Katevenis, D.   Serpanos, P. Vatsolaki, AT LAS I: A General-Purpose, Single-

Chip AT M Switch with Credit-Based Flo w Control, in Proc. Hot Interconnects IV

Symposium, Stanford Univ., CA, USA, Aug. 1996, pp. 63-73.

[11] Bertin Patrice, Roncin Didier, and Vuillemin Jean, Programmable Active

Memories: a Perfor mance Assessment, Research on Integrated Systems: Proceedings
of the 1993 Symposium, G. Borriello and C. Ebeling, editors, pp. 88-102, MIT  Press,

1993.

[12] Bertin Patrice and T ouati Hervé. PAM Programming Environments: Practice and

Experience, IEEE Workshop on FPGAs for Custo m Co mp uting Machines, D. A. Buell
and K. L. Pocek, editors, Napa, CA, USA, 1994.

[13] D. Ross, O. Vellacott, and T urner. An FPGA-based hard ware accelerator for
image processing. In W. Moore and W. Luk, editors, More FPGAs: Proceedings o f the

1993 International workshop on field-programmable lo gic and applications, pages 299-

306, Oxford, England

[14] UT OPIA Level 2, V.1.0, T he AT M Forum T echnical Co mmittee, June 1995.

[15] XILINX Inc. : Virtex 2.5 Field Programmable Gate Arrays, Xilinx, Inc., 1999.