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An ATM Interface with facilities for Traffic
Generation and Monitoring.

Technical Report

Gerald Tripp

The Computing Laboratory
The University of Kent at Canterbury

1. Introduction

This paper describes an ATM interface with additional facilities to also allow it to act as both a traffic
monitor and traffic sourceHigh resolutiontiming is provided taenable all received cells to be time
stamped on arrival and the information passed back to the user. For transmission, a cell has ¢
associated target transmission time and the transmit hardware will block the head of the transmi
gueue until the target transmit time is reached.

This interface is intended to serve two purposes: as a conventional interface for ATM based project
and also as a piece of tesfluipment to act as @affic source or monitor (or both) for use in
experiments on ATM network performance. As a conventional interface, the control over transmit
time for individual cells givefacilities forimplementation ofraffic shaping schemes. As a piece of

test equipment, the control over precise transmit times and the recording of cell receive times allow
accurate measurements to be made on network performance which would not be possible with
conventional interface.

2. Hardware Description

This ATM interface has been designed da\nsputeM odule (or TRAM) [1]. This module can be
used as part of a set of TRAMs out of whacmulti-transputer system can e@nstructed or it can be
mounted as a single module artransputer motherboajdst to act as an interface for a particular
system. Data connection$f board are via the four transputer links, which can each run at up to 20
Mbits/sec. Adapting this design to produce a card ithapecific to a particularO bus would be
possible without much additional work.



This interface card is constructed as a size 8 TRAM which has dimensions of 8.75" x 3.66". ATM

input and output connections are provided on board & SBIB coaxial connectors. Local
processing on the card is provided by a single transputer - a 20 MHz T.805 [2].
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The localmemoryfor the transputer is provided using 512 KBytes of VRAM (Video DRAM). The
VRAM serial port is usedor 1/0O, aswill be described later.FIFO buffers are provided for both
transmit and receive cell stream¢he FIFObuffering in each direction is provided as a large data
FIFO and amall controlFIFO. The bulk of the logic is implemented as FPGX8inx ™ [3] chips).
The physical layer ATM interface is provided using the AMD TAXIEHilset [4] which provides
4B/5B coding - the physical media is(®@oax.

2.1 Transputer and memory map

The transputer used in this interface is a T.8DBe current version uses a 20 MHz part, although this
could be upgraded latexubject to thememory timingbeing adjustedaccordingly. Thetransputer
memory isprovided as VRAM - being implemented as 4 (#28K x 8) memorychips - Toshiba
TC528128BZ-80 [5].With the current transputer patthe memory isaccessed by selecting a 4 clock
period memory cycle (i.e. 200ns).

This configuration omemory,provides a 32 biRandom Accesport to the transputer. Thisemory
appears in two places in ti@nsputememory map: oe is the conventional location for transputer
memory and the other is a shadow copy that is used for data transfer cycles - which are described lat
in this paper. The serial access ports of edqgh arecommonedogether to give anultiplexed 8 bit

wide serial port to th&/O system - thus giving a byte strearithe serial access and data transfer
cycles are described later.

™Xilinx is a trademark of Xilinx, Inc.
™TAXIchip is a trademark of Advanced Micro Devices, Inc.



#80000000 - #8007FFFF main memory

#C0000000 - #CO07FFFF main memory - access for data transfer cycles

#40000040 Xilinx boot: Control Register - CSR
#40000000 Xilinx boot: BOOT & Xilinx status
#40-#7C Xilinx I/O Registers

To enable the transputer to access the Xilinx clipsimple 1/0,these chips appear in the transputer
memory map anflave 16 word addresses shared between tfdnis. is currently decoded as 4 word
addresses each. Xilinx chips 2 & 3 have an 8 bit wide port which appears as the bottom 8 bits of th
32 bit word. Xilinx chip 1 has a 16 bit wide port - although currently only the bottom 8 bits of this is
used. The Xilinx chipsrre un-programmeahen the card is first switched on, and need to be loaded
by the transputer at run time. As at this tithere will bevery little control logic operating on the
circuit board, a small piece of logic is provided to bootstrap the Xilinx chips - this isnalsmry
mapped and has a simple interface.

2.2 Video Memory

The main transputeamemoryfor this interface is provided using Video DRAM (or VRAM)This
type of memory isintended primarily for use in video display cards. Unlike ordinary DR&NS
memory isdual ported - it has aonventional Randomccess port similar to that found on DRAM,
and also has a high speed serial port.

/ <— 256 columns — \
RAM
Random 10
< rows
Access — | 1row- 256 bytes
Port
Serial
SAM - 256 bytes Access
K j Port
Video RAM

The serial port is connected to a small are&eafial Access Memor{SAM) which can be read or
written sequentially. Each dhe memorychips used in this interface has an area of RAM which is



organised as 512 rows of 256 bytes. The SAM is also 256 bytes and can be copied to or from any ¢
the rows in the RAM.

Once set-up, the Serial Access port caroperated independently from tigandom Accesgort.

This is commonly usedn video displays, where a row of pixels is loaded into the SAM and then
output via the Serial Access port in real time during the line scan. This typenodry isalso useful

for high speed interfaces, asgives a method of performingtgpe of high speed direchemory
access - the serial port can operate at clock rates of up to 33 MHz.

Set-up of theserial port is done via thBRandom Accesgort. As well as the standard read/write
operations, it is possible to perfomhata transfer cycles which movedata between the SAM and a

row of the RAM. This operation also selects whether the Serial Access port is to be left in input or
output mode.The selection of a data transfer cycle is done by asserting the DT3sighaIvarious
operations possible are shown below.

DT | Memory Cycle SE- Operation Name Transfer Serial Port mode
0 READ X Normal Read - -

0 WRITE X Normal Write - -

1 READ X Read Transfer RAM -> SAM Output

1 WRITE 1 Psuedo Write - Input

1 WRITE 0 Write Transfer SAM -> RAM Input

In terms of this interface, the DT signal is gener&ig@ccessinghe memory inits shadow locations
as shown in the memory map above. The SE- sigrg@nerated by the FPGAilinx 1. Some parts
of the contents of the address and data bussealsoeused during some tiiese three special
memory cycles, as shown below:

Operation Name MDJ0-7] MA[0-7] MA[8-16]
Read Transfer - Set SAM pointer|  Select row
Psuedo Write - Set SAM pointer -
Write Transfer Write Mask Set SAM pointer| Select row

The writemaskselects which bits of the words in RAM to update - this is useful when the VRAM is
used for graphical displays, but fitnis systenthe write-masks set to alll's so thatll the bits in a

word are updated. The SAM pointer selects the next location to read/write in the SAM. During a
read or write transfer, a row in RAM is selected for transfer to/from the SAM. Access to the SAM
from the serial port wilktart at the address specified by the SAM pointer. When this address reaches
255, it wraps around to 0. Hence the SAM can be read/written many times if required.

In this particular interface, four of these chips are used to give 32 bit wide memory. Because of this,
32 bit wide write mask is used across the four chips, and the addresses referred to above become wc
addresses and are derived from the Transputer byte address shifted right by 2 bit positions.

As four of these chips are used, there are actually 1024 bytes of SAM available for transfers. The
serial access ports for these four chips havaltitie bussesommonedogether, hencgiving a byte

wide data path - the control signals for the serial port are kept separate and need to be accessed in tt
to read or write the SAM(s) in byte address order.

3This is multiplexed with the OE enable signal and picked up during the early part of the memory cycle.
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2.2.1 Use of Video RAM serial port

The first point to note is that the seriabde needs toperate within a single 1024 byte page of
memon - if a transfer reaches the end of @24 byte page, it simplwraps around to the start.
Subject to this constraint, transfers of any length withpage can take place. However, care needs

to be taken when using this interface especially on input, when the current ownership of any page
needs to be considered.

Output mode

The serial port is very easy to use in output (or rezatje. Thdirst word of thebuffer that you wish

to output is read in its shaddacation inmemory. This will copy the appropriate 1024 byte page
into the SAM and set the SAM pointer to the location specified in the read. Xilinx 1 can now read
data from the SAM starting at the given address.

Read Transfer from start of buffer
<data output via serial port>

Input mode

The serial port isnore difficultto use in input (or writelnode, as thikas a side effect on the main
memory. The serial port itself will defautb output mode, sthe direction of the serial port needs to

be reversed before data can be read in. Another point to note, is that the write transfer will update th
whole of the 1024 byte page ofemory, even if onlya few bytes have been read into the SAM.
Because of this, the standangtthod of access fgst to perform a read transfer cycle to pre-load the
SAM with the existing RAM contents, then change $legial port to inpumode, update the SAM

with input and finally put the updated page in place.

Read Transfer from start of buffer

Pseudo Write transfer to start of buffer

<data input via serial port>

Write Transfer to start of buffer (value = write-mask).

Another important point to note, is that between the Read Transfer and the final Write Transfer, the
page ofmemory effectively belongs to the 1/0O system. Amypdates to this page made by the
processor will be overwritten by the write transfer. The choice between Write Transfer and Pseudc
Write Transfer is determined by the value placed on the SE- signal by Xilinx 1 - see later.

2.3 FIFO Buffers

HardwareFIFO buffers are provided in the transmit and receive cell streams. In this implementation
there are two buffers in each directiorBX2 byte controFIFO and a4096 byte dat&IFO. The data

FIFO is usedo hold the contents of the cells, including treader and the contrBllFO is used to

pass any other information such as length and tinmfogmation. The ATM endsf theseFIFOs are
controlled by the byte clocks generated for eactrasfsmit and receiveby havingseparate control

and dataFIFOs, thecell contents can be passed as required without any delays being caused by the

4The memory chip used for this interface has a number of features to allow split page transfers to take place, but
access to these features is not available in this design.



passing of control information. A second advantagihas the use of twé&IFOs ineach direction
allows for a certaimmount of reordering of data: the lengtha cell isonly known at the end of its
reception, but this can be passed via the control stream and read by Xilinx 1 ahead of the cel
contents.

2.4 Line Input/Output

The physical layer is implemented using the AMD TAXKips [4]. This is one of theanystandards
currently in use for ATM and was chosen becaafsiégs current use ithe academicommunity for
ATM research. The TAXI chips use the 4B/5B line encodicigeme as used BPDI - where a 5 bit
symbol isused to carry 4 bit data items or various corggwhbols. Thechannel itself runs at a raw
data rate of 125 Mbit/sec - therefore giving a maximum user data rate of 100 Mbit/sec.

The TAXI chips provide the user with a parallel port, which allows the transfer of pairs of 5 bit
symbols -either 8 bits of data or 1 of 1@ifferent control symbol pairs. This allows the
interconnected ATM hardware to run as a byte wide data path with a clock rate of 12.5 MHz.

The external interface provided by this card iX250nbalanced, via on board SMB coaxial
connectors.



3 Xilinx One

The current version of this design is X1E.

This chip provides an interface between the video memoryhanélFObuffers. Transfers take place
to/from 64 byte records imideo memory the length of 64 being chosen as it divides into 1024 -
giving 16 records per 1024 byte page. On tranghese records are read fradeo memoryand the
appropriate parts loaded into the transRiEOs. On receivethese records are written into video
memory,with the record contents being generated from dezdd from the ReceivEIFOs - unused
fields being written as 0.

Up to 16 records can be transferred in either direction in a single burst - with the transfer halting at
appropriate points such as transfer complete or receive FIFO empty.

3.1 Data Format

Data will normallybe transferred in 64 byte recovdsin the tables below, the lowest address is
shown on the right hand side - herffémer byte O will be at byte offset 0 anBody 48 will be at byte
offset 63 (from the start of this 64 byte block).

A standard format for the 64 byte record has l#mnsed and is showelow; althoughmany of the

fields in this record are currently unused. The layout of the block is such that both the header and th
cell body start on word boundariethusmakingsoftware access to these fields faster. This requires
the cell to be transferred as a 52 byte quantityis is quite valid as thelEC field is created on
transmission automatically and checked on receptiayetmrate a syndrome value. The syndrome
should be 0 if there are no errors in (heatl@an)smission - someon-zero values shalilallow error
correction to take place but this is of doubtful value after the cell has been through 4B/5B encoding.

Standard format:;

Timer byte 3 Timer byte 2 Timer byte 1 Timer byte 0

Hard Status Length Syndrome Soft Status
AALSCRC3 AALSCRC2 AAL5CRC1 AAL5CRCO
Header 4 Header 3 Header 2 Header 1
Body 4 Body 3 Body 2 Body 1
Body 8 Body 7 Body 6 Body 5
etc
Body 48 Body 47 Body 46 Body 45

SAssuming a 53 byte cell



3.1.1 Transmitter Format

The transmit logic (X2C), has the advantage of being designed after the standard block format had
been defined. Hence this operates with a subset of the standard format as follows:

0 0 Timer byte 1 Timer byte 0
Status Length 0 0
0 0 0 0
Header 4 Header 3 Header 2 Header 1
Body 4 Body 3 Body 2 Body 1
Body 8 Body 7 Body 6 Body 5
etc
Body 48 Body 47 Body 46 Body 45

Note: the Length field does not include the HEC field which is generated by the ATM Tx logic. The
length of a standard cell is therefore given as 52.

3.1.2 Receiver format

The current cell receive logic (X3C) provides blockaimold format. This currentlyrequires some
of the fields to be swapped in software to maintain compatibility with the standard format.

0 0 Timer byte 1 Timer byte 0
Status (0) Length Syndrome (0) 0
Header 1 0 0 0
Syndrome Header 4 Header 3 Header 2

Body 4 Body 3 Body 2 Body 1
Body 8 Body 7 Body 6 Body 5
etc
Body 48 Body 47 Body 46 Body 45

The length of a cell is given as 53 as this currently includes the syndrome.



3.2 Operation

This chip acts as a half duplex, fast interface toRIOs. At any timdhat transmit or receive are
ready, a transfer of up to 16 cells can be initiated in the appropriate direction. On transmit this will
normally continue until completion - unless it is cancelled. On receive the transfer can terminate for &
number ofdifferent reasons - with the reason for terminatigven in thestatus register. As the
received cell stream is liable to corruption if teeeive FIFOverflow, the first byte in eacRIFO

for a cellis flagge@ with bit 8 set to 1 and this checked transfer - if this bit is incorrect then this
indicates that the receive FIFO contents may be corrupt and the transfer will terminate.

One of the problems that slows the receive trarisfére possibility ohitting ReceiveFIFO empty.

It is always possible to read theceive datd|FO without checking athe transfer of the cell contents
will only begin after the cell length field ieceived via thecontrol FIFO. Forthe controlFIFO
however, it ispossible that the cethay still be arriving aghe transfer of that cell is in progress -
because of this the status of the conEi#lO will normally require checking before each reathis
can cause delay as due to pipeline delays in andfalie chip, it is necessaty wait fora number of
cycles after a FIFO read in case the status changes. Because of this a optidtilEAEH has been
implemented, where if duringteansfer the receive dafFFO isdetected as being over half full, then
the controlFIFO will be read withouthecking statufor the rest of the current transfehis option
should only be used if the size of treceive datd-IFO is atleast 2048 bytest is currently 4096
bytes) to ensure that there are already enough cells in the rédEiWs toallow the transfer to
complete.

Interrupts can be generated on completion of transfers and also to indicate that transfers can tal
place. Receive is deemed to be ready if there is data in the receive FIFOs; transmit is ready if both tr

transmit FIFOsare less than half full - hence enabling a full length burst to take place without the
FIFOs becoming full. Once an interrupt has been generated, then all interrupts will be disabled.

3.2.1 Specification of Internal Interface to FIFOs

The data written into the transmit FIFOs for each cell transferred is as follows:

ltem Size (bytes)  FIFO Bit 8 set?
Timer byte 0 1 Control No
Timer byte 1 1 Control No
Length 1 Control No
Cell <Length> Data No
Status 1 Control No

The data read from the receive FIFOs for each cell transferred is as follows:

ltem Size (bytes)  FIFO Bit 8 expected to be set?
Timer byte 0 1 Control Yes

Timer byte 1 1 Control No

Length 1 Control No

Cell <Length> Data First byte only

6The FIFOs are actually 9 bits wide.



3.3 Performance

Below, is the estimated performance of this chip, based on the expected operation of the hardware
This is quite straight forward to calculate for transmgt,it will normally run to completion without
having to wait for anyther part of thesystem. For receive, the performamcaffected by the state

of the receiveFIFOs, aghese can become emptyring a transfer and hence cause the hardware to
wait (or terminate the transfer). As mentioned abthexe is also thproblem thaimmediatelyafter
reading from a FIFCthe hardware is unsure tife FIFOstatus because of theavy pipeliningused

in the hardware design.

Estimated Performance
(Time from Go set to clear)

® 3 —-

wn C

0 | 4 | 8 12 16
Number of cells

®  Tx/RX B Slow Rx 100% Cells

When the Receive dafFOs arealready half full, then the Rx transfeill take the same period of

time as a Tx transfer of the same length. WihenReceive datBIFOs isless than half full, then the
performance will be slightly slower - due to teetra checking required. The figures quoted above
are the times taken from first setting the GO bit on the interface to it being cleared by the chip to
indicate end of transfer. Transmit and Receive done interrupts are generated during the processing
the final cell transferred and will typically be 4.8 earlieP - this is provided to give some overlap

with the transputer interrupt latency. The receive FIFOs are assumed to never become empty.

It can be seen from the graph above, that the transferis quite close to the maximum cell rate
(100% cells) - the transfer rate being slower than cell rate for slow receive and faster for fast receive
and for transmit. The transfer ragelimited mainly bythe clock rate of Xilinx 1. This is currently
running at 16 MHz, which is limited by the speafdasynchronous interfaces to tRFOs am the

Video Memory. A cell can arrive from the network every 414, and Xilinx 1 has to go through a
minimum of64 clock cyclegust to traverse a block MRAM - even if the fieldis not used and just
setto 0.

"These figures need to be verified by measurement.
8Except for the case when the transfer length is 0.
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As a moreillustrative example, below are tlaverage effects othe FIFOlength (as measured in
cells) afterperforming transfers of variodengths. Both slow and fast receive are shown at 100%
cell arrival rate, also shown is fast receive with 90% cell arrival rate.

Change in FIFO cell count

oK@ S SO

Transfer length

® RX ®  Slow Rx
—— Rx90% —— Rx 20 MHz

For interest only, the fourth plot shows fast receive operating at 100% arrival rate, but with the Xilinx
1 clock rate increased to 20 MH# is hoped that this increase in spemdy bepossible with a re-
design of the interfaces to the VRAM and FIFOs.

The performance figures shown above, only show the performance of receive when the receive FIFO
stay non empty. If theeceive logic detects that theceive controFIFO isempty atthe start of a
possible cell transfer, then the transféll normally be terminated with status repoxf emptyFIFO
(XLEMPTY). ltis possible howevdor the transfer of a cell to start at a point at which the first (and
only) cell in theFIFO hasnot yet been fully received - in this case the cell transfer will wait on each
item from the control FIFO and hence not start the data transfer until the <length> field has been reac
Whereas the wait on each byte from the control malimally be negligible - as both ends are running

at similar speeds - the delay in waiting for the length byte can be quite long as this will not be placec
into the controFIFO until all of the cell contents have been writiato the dat&IFO - inthis case

giving anextra delay of about gs. In theory, this could happ for consecutive celland give an
unusually long transfer time. A 16 cell transfer time of the order ofus38 probably possible in
extreme cases - although an exact cell rate would need to be sustained to keep the receiver in tt
state. Although this doesn't really cause any probleitis receive - as theeceive FIFOs have to
consistently contain only part of a cell - it could tie up resources which could be require for transmit.
If this proves to be a problem, then an option to terminate the current transfer after such an ever
could be provided - so only one cell is transferred piecemeal.
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4. Xilinx Two

Xilinx two is the ATM cell transmission logic. This reads cells and their control information from the
transmit FIFOsand formats these for transmission on the ATM output. A rough schematic of this is

shown below.
- Clock N\
TX. \A&
I/E head

IC:ZICIJ:nCt)roI of Q AT Timer
Time
Control
Status
Length TX. I/E
Counter Control \% Tx.
Tx. ’% TAXI
([ 1/e]

Data I/F
FIFO mux
L CRC ﬁ

K Logic

An unusual feature about this ATM cell transmitter, is that it allows the transmission time of cells to
be controlled. The required transmit time for a cell is placed in the 64 byte record for that cell and
transmission will be delayed by the transmitter until that time is reached.

kf

4.1 Timed Transmission scheme.

The transmit logic contains a free running clock. This is a 16 bit counter which is clocked from the
transmit byte clock from the TAXI chip. This clock has a period of 80 ns, so the repeat time for the
clock is about 5 ms.This clock can be read by software running on the transputer and reset to O if
required.

The timed transmission scheme operates by subtracting the current time (from the local clock) fron
the target transmit time (for the cell). The result of this subtraction is loaded into a second countel
which is also clocked from the transmit byte clock. The value in the counter is decremented on eacl
clock tick, and when the value becomes negative, this is used as an signal to transmit the cell. In son
cases, this will cause the celllie transmitted immediatebs the target transmit time for the cell has
already passed; if this is not the case then the cell will be delayed until the target time i€reached

9To be exact, transmit time is actually target time + k. The value of the constant k is small but has not yet been
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It is easy to visualise this by thinking of the current time as the hour hand on a clock - target times of
up to 6 "hours' aheadlill be waited for. Times greater than 6 hours ahead look as if they are in the
period of up to 6 hours ago and are already late - so send immediately.

0

C000 4000

current
time

%

8000

Using this timed transmission scheme, it is possible to have a transmit queue of cells, sorted ir
transmit order and with each cell flagged with its target transmit time.

4.2 Implementation.

The control function that this chip needs to perform is quite complex, as it has to deal with both cell
transmission and timing. To simplify the implementatitre control logic is constructed as two
separate state machines: the cell transmitter and the cell timer. These operate independently with t
cell transmitter reading cells from tliataFIFO andformatting these for transmission and tedl

timer reading the control information for a cell and waiting for the correct time to transmit. These
two state machines will rendezvous gi@ant where the cell timer decides it is time for the next cell

to be transmitted and the cell transmitter is idlEhis meanghat whilst the current cell is being
transmitted, the cell timer can be pre-fetching the comfolmation for the next cell and start the
process of running the timer for deciding the time of its transmission.

calculated.

13



Simplified state transition diagram

The transmitter can achieve 100% of the channel, with a 53 byt& sellong as there are always
enough cells in the transnkitFO toallow for the 1 cell look ahead. With the transmission of back to
back cells, there will be 1 cell transmittedery 55 clock periodsthis ismade up ofthe cell start
flag (TT), 53 data tokens for the cell itself and the minimum of 1 sync flag (JK) before the next cell

4.3 Empty transmit FIFOs.

As with Xilinx 1, this chip also has to cope withe problem of possiblgmpty FIFOs. To avoid
problems with the datBIFO, Xilinx 1 will not write the last byte (Status) into the contFdFO until

the whole cell has been written irttee dataFIFO. This meanghat when all four bytes of control
information have been read from tbhentrol FIFO, thenthe specified numbesf bytes for that cell
must already be in thdata FIFO. Usinghis "bracketing' system means ttiad onlyFIFO that needs

to have its status checked is the conEIBIO -this is beneficial as only four bytes need to be read
from this FIFO during one cell time and hence delays in checking status don't delay transmission.

As mentioned in the section on Xiliix checking the statusf a FIFO (for empty/notemptyetc.) can
be difficult as the pipelined interface between the Xilinx chipstar FIFO<ause thé1FO status to
be delayed by several cycles dmehce not immediatelgivailable after performing BIFO read To
avoid the cell timing logic from having twope with thesd-IFO status problems, the contrBIFO
read operation is split off intothird state machine that is responsible only for holding the first item

10xilinx 2 can create cells of any length specified in the 8 bit length field. However, Xilinx 1 only supports the
lower 6 bits of the length field. Any cell of length 4 or greater will have a HEC field inserted and hence gain 1 in
length.

14



from the controFIFO. This state machine generates a ready signtile celltiming logicto indicate

that it currently holds the head item from tbentrol FIFO: thecell timing logic can produce an
acknowledgement which willlismiss this item and cause the head of queue logic to fetch the next
item from the control FIFO.

4.4 |deas for Future Work

One of the values which is not currently used is the status byte, which Xilinx 1 generates from the
hard status field in the 64 byte record. At present this is only used as an indicator from Xilinx 1 that
all the data for a cell have been written into the trandata FIFO. Xilinx 2 reads this byte only as a

flag to tell it that it can proceed with transmission of the cell.

The real purpose of this field for is to allow per cell control information to be passed to the
transmitter. No control bits have been implemented yet tlam transmitter currently just ignores its
contents. One suggestion for future a$ehis field is to have a transmit enable/disable bit. This
would be used to indicate whether any 64 byte record actually required a cell to be transmitted o
whether it was currently unusedf. the transmitter received a disabléal dummy)cell, then timing

and control would proceed as usual, but nothing would be output on the ATM channel.

4.4.1 Use of dummy cells

One use of such a facility would be so that a template of cells with a fixed overall cell rate could be
created which could be used if required by any of a number of streams. A second use is associate
with the repeat period of the transmitter clock. If the gap between consecutive cells is greater thai
half the repeat period of the transmit clock then extyek would be required in software to delay the
transfer of the cells into thieansmit FIFOsas the cells would otherwise be transmitted before the
required time. To avoid this, dummy cells could be inserted into the transmit stream that activated the
cell timing logic but caused nothing to be transmitted. Using this scheme, abdum#aty cells per
second would be required for a completely idle stream.

15



5. Xilinx Three

The current version of this chip is X3C.

The function of this chip is teeceive cells from the ATM inputnd save them ithe receive-IFOs.
A rough schematic of this is shown below:

] [ N

Data I/F mux

FIFO = CRC decode Rx
pipeline s TAXI

Control Logic

cell

length clock

RX.
Control I/F

FIFO K /

Rough schematic of Xilinx Three

A significant point about thisnplementation of an ATM celleceiver, is that it keeps a record of the
arrival time of each cell, which is saved along with the cell contents.

5.1 Receive Process

The receive process consists of waiting for a start of céthder (TT) to arrive from the line and

then to take up to the next 53 da@ams as cell contentsThe sync symbo(JK) may bepresent

within the cell if required! and will be ignored. Cells are normally expected to be 53 bytes long and
will be truncated if of greater length. Although cells should be transmitted with at least one sync
symbol betweeradjacent cells, this constraint is not required by the receiver which can accept cells
back to back. On reception, the cell contents wilséeed in the receive dafFO. The HEC CRC

is calculated on the cell header ahd syndrome generatéslisaved in place of the HEC field. The
syndrome should be 0 for a correctly received header.

11These may be generated by slow cell transmitters.
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5.2 Time Stamps and Control Information

As well as copying theell contents into the receive dé#O, somecontrol information is also
saved in the receive contrBIFO. Toenable the reception of short or “runt' cells, each cell has an
associated length field - this shouldrmally be 53. As well as thithe receiver has a local 16 bit
clock running (like the transmitter) which is clocked from the TAXI receive byte clock. This clock
has an 80 ns period and hence gives a clock reeead of about 5ms.At the start of the reception

of each cell, a copy is made of the clock #rid is written into the receive contlFO. Atthe end

of the cell reception, the cell length is written into the coritBlD. Asecond benefit of transferring
the cell length is that this acts asnarker tandicate that the whole of the cell has been written into
the data FIFO and thus enables Xilinx 1 to read the cell in a single burst without any waiting.

5.3 Implementation

The receiver ismplemented as a simple state machine wigcavent driven from the ATM input.

The control logic is kept simple by pre-processingAf#&1 input with a decode pipeline. This “input
pipeline' performs some simple pre-processing and presents the control logic with a token to indicat
what has arrived: DATA, TT, NOP &RROR - the DATA token being accompanied by 1 byte of
data.

5.4 Performance

The ATM cell receiver should run at 100% cell rate, withbgte cells. Any problems will becaused

by the FIFOs overflowing dut the cells not being transferred fasibugh byXilinx 1. At present

the interface is rather simple in its operation -EHeOs are always assumtxdbe ready (i.e. not full)

and data is written into theseceive FIFOswithout checking thestatus. This will of course cause
problems when the FIFOs are full, as some or all parscefl will be lost. As theFIFOs areactually

9 bits wide, a simple confidence check on the data integrity is performed by using the top bit to
indicate the first byte of transfer. Thistuised on botheceive FIFOs, sthe controlFIFO will have

the top bit set for thérst timing byte for a celand the dat&IFO will have the top bit set for thigrst

byte of cell contents. This top bit is checkedXiiinx 1, which will abort the transfer if the bit
appears to have the wrong value.

Ideas for solving problems with FIFO overrun are covered in section 5.5.4

5.5 Ideas for Future Work

The receiver was the first of these chips to be designed, and early experience of using this chip hav
enabled improvements be introduced to the later chips before the designs were complete. As the
first chip designed, the receiver has probably got the largest “wish list' for improvements!

5.5.1 Dummy cells

As with the transmitter, thBms clock repegteriod causes problems for the software. To ensure that

it is able to uniquely identify the arrival time for a cell, the software device driver would need to run
its own clock. This would be needed to determitiéch 5ms period theell arrived in. With the
transmitter, it is proposed that this problem be addressed by the queuingprofy cells which will

never be transmitted. It is possible to use this same approach with the receiver and have the recei
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logic generatelummycells when the receiver is idle. These could be generated each time the clock
wraps around to 0, and used by the softwaréncrement the more significant part of a software
clock.

As with the transmitter, it is only possible to passnmycells around if these can be distinguished
from the normal cells. By following the same model as the transmitter, a status byte could be returne
from the receiver through thentrol FIFO toindicate what is being passeiihis has several uses as

it enables the receiver to pass back other status information about the cell.

5.5.2 Changes to FIFO Data Format

The format of the data in the receive FIFOs doesn't fit in too well with the 64 byte record that has now
been standardised for use by Xilinx 1. In particyt@ssing the syndrome in place of the HEC gives
this value too late to fill into its required field in the 12 byte header. The solution to this is to pass the
syndrome via theontrol FIFO rather than the dat@lFO. The other new value to pass via the control
FIFO is thestatus byte that is mentioned in the previous sectikiis would givethe format of the

data in the receive FIFOs as follows:

Control FIFO Data FIFO
Timing byte 0 Cell Header bytes 1-4
Timing byte 1 Cell Body bytes 1-48
Syndrome
Length
Status

5.5.3 Changes to Implementation

The implementation of this chip would probably follow the model of the transmitter and have separate
control and data state machines which rendezvous at appropriate points.

5.5.4 Coping with FIFO overrun
Half full

Ideally, it would be best to onlyrite a cell into the~IFOs if it was knowrthat enough room was
available - unfortunately, the only status available friivea FIFOs is Emptyhalf Full & Full.
Although full may not be set before a cell gaved inthe FIFOs,there may less space than that
required for a complete cell - it is likely therefore, that qudyt of the last cell isaved inthe FIFOs.

One sure way of solving this problem is to use thefhlilindication as a full flagas if theFIFOs are

less than half full at the start of a cell then there ealsily be enough spader the rest of a cell.
Unfortunately, using the half full indication means that only just over half the buffer space is available
for use and also means that the fast block transfédilmx 1 on FIFO half full is no longer used so
regularly.

Several other schemes are possible for coping ewtrflowing FIFOs - twoof which are detailed
below.
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Halt on FIFO overflow

With the proposed new format, tidataFIFO will hold 78 cells and the contrdtIFO, information
about 102 cell®. Because of this, when it is detecthdt the datd&IFO hasoverflowed, there will

still be space in the contréllFO for that cell's control information. The last piece of information to
be written into the controFIFO is thestatus field - which could have a status bit that indicates
whether all the cell was correctly written into the datBO. If reception was halted at this point,
then the cell would beemoved from the FIFQater by Xilinx 1 leavingthe FIFOs empty. Iithis
case, as there were 1 or more bytes shdhte dataFIFO thenthe final byte saved would be read 2 or
more times. The software would bble to tell that the cell had possibly been corrupted by the value
in the status field. Hence after all data lha@gn removed from the FIFOs, thH-Os would bean a
clean state to accept new cells.

When the device driver detects a corrupted cellindisated by the status fieldit would know that
FIFO overrunhad occurred which had caused reception to be suspended. At this point, the device
driver could start reception again into the empty FIFO.

Suspend until less than half full

The problem with the last methodtist it still requires processortervention andll incomingcells

are ignored for the time it takes Xilinx 1 to transf8rcells. Acompromise solutiogould be for the
receiver to suspend cell reception until tleaFIFO ishalf full. This would block reception for only

half the period of time and also would not require intervention by the protédsostart cell
reception again. The only problem with this method isithabuld leave a celin the data-IFO that

had some of its data missingrhis could be fixed by Xilinx 1 by checking the status flags and
stopping the read from the dd&&H-O when the FIFO wasmpty or whenthe head of the next cell was
found - as indicated by the top bit beisgt. The missingontents of the cell could be padded with 0

or copies of the last valid data byte. This would make more work for Xilinx 1, in that it would need to
perform this reframing operation and sometimes save the head of the next cell for future use.

This method would be a goabmpromise solutionalthough it would tend to lose bursts of cells
under heavy load. Its possible implementation will depend on the availability of space in Xilinx 1.

5.5.5 Problems with “runt' cells

The reception of ‘runt' cells causes a few problemshiireceiver. These are cells that are shorter
than the standard cell length of 53 bytes. fdweiver can normally handle shoglls with no lasting
problems - as the ceNill just be associated with a natandard length field. One problem however
is caused by the ability to hawync symbols within aell, as when a short cell is received, the
receiver will continue to wait for the remainder of ttell - which could legally arrive some time
later. The end of the cell is onkpown forcertain when the start delimiter for the next cell arrives,
which means that a short cell will be left incomplete thtd point.  Atime-out on celhrrival could

be implemented, but this would probably be in breach of the transmission standard.

12The FIFOs are 9 bits wide, with the data FIFO holding 4096 words and the control FIFO 512 words.
13The cell receive chip doesn't have access to the rx FIFO empty flags.
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A second problem that exists with the current reléagbat receivinga very short cell (0-2 bytes

long) causes only part of the control information for that cell to be saved and hence corrupts the
format of the contents of the contrielFO. This would cause Xilinx 1 to abort on a format error.
This problem should be fixed with the next release although this will cause loss of a complete cell if
more control information needs to be handled than there is time for (cell lengths 0-4 bytes).
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6 Conclusions

The initial version of this ATM interface is now complete and (as of January 1995) two of these cards
are currently in operation. Current software tfaffic generation antraffic monitoring can sustain

cell transfer between two cards (without an intermediate switch) at rates of up to about 140,00C
cells/second with 0 cell loss and up about 180,000 cells/secorikfore cell loss becomes
significant.

6.1 Performance

As a standard ATM interface, the current performance fighorld give no problems. As a piece of
test equipment, it would be useftiit could handle sustained bursts of 100% channel utilisation for
both traffic generation anahonitoring. At present, will be able to handle 100% channel utilisation
but only for short bursts afells. Determining thenaximum length of cell burst possible would
actually make bothan interesting calculation and experiment - this is likely to be quite a lot larger
than the number of cells that can be stored in the FIFO.

6.1.1 Performance Improvements

Limits in performance are caused by the combined effect of the software and Xilinx 1. Although
Xilinx 1 is capable of operating faster than 100% celllfati¢ is only slightly faster than this and
would present the software with a crisis time of abous ®etween 16 cell transfers. As the speed of
Xilinx 1 is very close tahe cell rate, small changes in the titaken byXilinx 1 make asignificant
difference to the overall performance. Part of this problem is caused by the use of 64 byte records fc
specifying cells in transputenemory. Asthe videomemory isread via a serial access port, unused
locations in the record need to be accessed even if there is no need to read or write that location

The time taken to read the unused fields in the record add®&he transfer timeit is difficult to

know how to avoid this, without changing toddferent arrangemendf cell recordsin memory -

which mightcreate significant extra software overheads in address calculation. The 64 byte record
also allows for future improvements to be made to the hardware without radical software changes.

There is a small amount of per cell overheadXilinx 1 which might be reduced, but a more
significantimprovement would b& increase the clock rate of Xilinx 1. The clock rate is currently

16 MHz and it may beossible to increase this 80 MHz by modifying Xilinx 1 to improve the

timing on theinterfaces to th&IFOs andhe VRAM. This would reduce the 16 cell Tx transfer to
53.8%us, which would increase the software crisis time (to keep up with 100% cell rate) froms3.09

to 16.55us. Experiments with increasing the Xilinx 1 clock rate to 20 MHz (and thus currently
running the hardware slightly out of spec.) show that it is possible to run the traffic generation and
monitoring systems described above at 100% cell rate with no cell loss.

14with receive, only if the receive FIFOs are at least half full.
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6.2 Upgrades to Xilinx designs

A number of changes to thélinx designs have been proposedsictions3-5. The most important

of these is the rework of Xilinx 3 to providestatus field for each cell arid pass the syndrome via
the controlFIFO. This in turn will allow the receive record format to be updated to match that of the
transmitter and hence provide word alignment for the loedider. This will require a rework of
Xilinx three and minor updates to Xilinx 1 to utilise the new FIFO and record formats.
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Appendix A

Standard Bootstrap interface

This interface is provided directly by a logic array on the TRAM card itself and is therefore available
before the rest of the Xilinx chips have bgmogrammed. This interface allows the three Xilinx
chips to be booted and alstlows all I/O circuitry on the TRAM card to be reset - including the
Xilinx chips. In the latter case, this reset canuled to perform a soft reset of the Xilinx chips
without causing a reboot.

A.1 Control register

Name: csr
Address: #40000040

The control register is a read/write register that sets the output of two on board control lines.

R/W - - - - - 1 XIRESET| XIPROGRAM

The XIPROGRAM bit is active high. If this is set to 1 it will force tdene signal on the cardto a 0
state. This signal ia wired-and signal that connettsall three Xilinx chips and is locally pulled up
by a resistor.

The XIRESET bit is also active high. This will activate theset signal on the card, which will reset
the various I/O chips and FIFOs and will also give a reset signal to the Xilinx chips. The effect on the
Xilinx chips will depend on their current state and will be explained later.

Bit 2 of the control register will always read back as 1. The top 5 bits of the register are undefined.

A.2 Status Register

Name: xistatus
Address: #40000000

The status register is read only amil give the current status of three stathds from the Xilinx
chips. There are no side effects of reading from the status register.

R - - - - - XIREADY | XIINIT XIDONE

The XIREADY bit gives the value of thedy signal which indicates that the first Xilinx chip is ready
to accept a byte of data on the Xilinx boot port.

The XIINIT bit gives the value of thimit signal which shows that one or more of the Xilinx chips is
currently going through aimitialisation phase and nboot information should be sent yet. The
initialisation phase takesetween 11 and 33ms. The maiart of the initialisation phase is only
entered after a power on reset to allow the power supply time to stabilise.

The XIDONE bit gives the value of théone signal which is high when the all the Xilinx chips have
been successfully loaded.
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A.3 The Boot port

Name: xiboot
Address: #40000000

This port is used to write configuration data into the Xilinx chips. This port is only ready to take a
new byte of data when tBE RDY bit of the status register is set to 1.

A.4 Xilinx boot sequence.

On power on, the Xilinx chips will first go throughll to 33 ms initialisation phase, followed by a
195 to 580 usnemoryclear phase. After this, the Xilinx chips wiilist wait for the reset signal to go
inactive and then thait bit in the status register will go to 0 to indicate that the Xilinx chips are
ready for loading.

The Xilinx chips are now in theonfiguration mode and are ready to be loaded with the Xilinx
configuration information. Assertingeset at this point will take the Xilinx chips back to theemory
clear phase.

Whilst in theconfiguration mode, the Xilinx chips will accept data on theot port. After receiving
each byte of data, threly bit of the status register will go to 0 for an undefined period, whilst the byte
is being loaded. During configuration mode, doae bit of the status register is 0.

After all the data has been loaded into a Xilinx chip, it will go intooperational state and stop
pulling thedone signal to 0. After all three chips have been loadeddone signal will be pulled to
a 1 by an on board pull-up resister.

When the Xilinx chips are in apperational state, they can be reset, by taking ttbset signal to 1

for a short while (>@s). This will just reset the user logic amot cause aprogram cycle. While in

the operational state, the chigasn be reprogrammealy pulling done to 0 by setting th@rog bit in

the control register. The documentatisrambiguousat this point. The 1->0Otransition ondone is
indicated as initiating aeprogram sequence - whereas elsewhestates that aeset and a taking
done to 0 are required. The latter lookstie a more conservative approach as the extra reset is
unlikely to cause any problems.
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The recommended boot sequence at any time is as follows:

#define XIDONE 1
#define XIINIT 2
#define XIREADY 4

#define XIPROGRAM 1
#define XIRESET 2

csr = XIPROGRAM | XIRESET;
wait a minimum of @s

csr=0;

wait until not xistatus&XIINIT

repeat
Note: (xistatus&XIDONE) should be false
wait until (xistatus&XIREADY) is true;
write byte of config. data to: xiboot

until all data sent

(xistatus&XIDONE) should now go to true - may be a slight delay.
csr = XIRESET /* reset all three Xilinx chips, FIFOs and taxi chips */

wait for 6us
csr=0



Appendix B

Register Interfaces to Xilinx chips

B.1 Xilinx One - X1E (VRAM-FIFO Interface)

B.1.1 Control/Status Register

Name:
Address:

W X1GO

R

XIWAIT| X1FAST | X1INPUT | X1IETXR X1IETXD X1IERXR X1IERXD

X1ITXR X1TXD X1RXR X1RXD

X1GO

XIWAIT

X1FAST

X1INPUT

X1TXR

X1TXD

X1RXR

X1RXD

X1IEXXX

Notes:

Start transfer. This bit is cleared at the end of a transfer.
Don't terminate a read transfer on the Rx. control FIFO being empty.

For receive: if the dafalFO ishalf full at the start of or during the transfer
then stop checking the FIFO status bits.

Set to O for transmigr 1 for receive. Setting this bit to 1 will forces all SE-
inputs to the videanemory to0 - as is required during Writ€ransfer
cycles. This bit should not be set if the video memory is currently in
output mode as this will cause all four memory chips to enable data
onto the serial data bus.

Transmit Ready - both data and control FIFOs are less than half full
Transmit Done - a Transmit transfer has completed

Receive Ready - both data and control FIFOs are non empty

Receive Done - a Receive transfer has completed

Interrupt enabldor status bit X1<xxx>.

The interrupt enable bits are all cleared on an interrupt acknowledge from the Transputer

The X1TXD and X1RXD bits are both generafeain a single DONBit which is used

to generate X1TXD and X1RXD depending on the value of the bit “Input'. If the value of
the bit"X1INPUT" ischanged after a transfer, then this will change which of X1TXD or
X1RXD is set.

The control bits: X1INPUT, XIWAIT and X1FAST should be set before the X1GO bhit.
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B.1.2 Counter Register

Name:
Address:

R/W

0 X1C@&| X1CC3 X1CCz| X1CC1| X1CCo

Count of the number afells required to be transferrfdm FIFO toVRAM (max 16). If the transfer
runs to completion, then the transfer will end with this register set to 0.

Writing to this register will also clear the Rx/TStatus register and tHeONE bits XIRXD and

X1TXD.

B.1.3 Tx/Rx. Status Register

Name:
Address:

R |X1ABORT X1HALF | X1RESL| X1IFORM X1HALT X1NOTS53 | X1EMPTY X1COUNT

X1COUNT

X1IEMPTY

XINOTS3

XIHALT

X1FORM

X1RES1

XIHALF

X1ABORT

Transfer ends on x1cell = 0.

Transfer ends on Control FIFO empty and X1WAIT not set.
Transfer ends on cell length not 53 bytes.

Transfer halted by software - by clearing X1GO bit.

Format error in data from Rx FIFOs: Expected D8=0, got D8=1 OR
expected D8=1, got D8=0.

Reserved.
Rx Data FIFO was half full at some point during the transfer.

Stopped part way through transfer. Either on one of the format errors or by
user abort generated by writing to this register.
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B.2 Xilinx Two - X2C (cell transmit)

This Xilinx chip (X2C) handles ATM transmit. Thi®rsion reads ATM cells frohe TxFIFOs and
transmits these over the TAXI output at the specified time.

B.2.1 Command and Status Register

Name: X2Csr
Address: #60

R |X2TXCEF X2TXDEF X2MK X2CN X2T1 | X2WT X2IDLE X2GO

This status register enables the transmitter and also gives an indication of its internal state.

X2GO - Enable Transmit

The following are provided for hardware debugging.

X2IDLE - Transmitteris idle, waiting at rendezvous for timer logic
X2WT - Timer logic waiting for first time byte

X2T1 - Timer logic waiting for second time byte

X2CN - Timer logic waiting for cell length

X2WT - Timer logic waiting for status byte

X2TXCEF - Tx control FIFO empty flag (active low)

X2TXDEF - Tx data FIFO empty flag (active low)

X2C should idle with X2IDLE and X2WT

B.2.2 Counter Clear

Name: x2txcclr
Address: #68

Writing to this address clears the Transmit counter
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B.2.3 Counter Save

Name: x2txcsave
Address: #6C

Writing to this address, saves a copy of the Transmit Counter in an I/O register

B.2.4 Counter low byte

Name: x2txclow
Address: #68

Reading from this address, gives the low byte of the transmit counter as saved above

B.2.5 Counter high byte

Name: x2txchigh
Address: #6C

Reading from this address, gives the high byte of the transmit counter as saved above
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B.3 Xilinx Three - X3C (ATM cell receive)

This version decodes ATM cells from the receive TAXErface and writes thetinto FIFOs. The
complete cell is written into the data FIFO - witle HEC field being replacday the syndrome. The
control FIFO will contain 3 bytes:

- Time stamp (low byte)
- Time stamp (high byte)
- cell length

The cell length field is written after the complete cell has been written to the data FIFO.

To aid synchronisation, the firbyte of the cell contents and the fitste of control information will
have the top bit (bit 8) set to 1 - all others will have this bit set to 0.

B.3.1 Command Register

Name: x3csr
Address: #70  (Read/Write)
R/W X3GO

GO - Bit controlling ATM Rx. 0 for idle, 1 to enable.

B.3.2 Machine State

Name: x3state
Address: #74  (Read only)

R X3RES| X3BODY | X3H5 | X3H4 X3H3 | X3H2| X3H1 X3IDLE

Of bits 0-6, ondit should contain 1, the others 0. This shows the current internal state. Should read
as X3IDLE unless within a cell. Provided for hardware debugging.

B.3.3 FIFO status

Name: x3fifostate
Address: #78  (Read only)
R 0 0 0 0 X3RXCF X3RXCHF X3RXDFF | X3RXDHF

Values of receive FIFO status flags. Provided for hardware debugging.

X3RXCFF - Rx control FIFO full (active low)
X3RXCHF - Rx control FIFO half full (active low)
X3RXDFF - Rx data FIFO full (active low)
X3RXDHF - Rx data FIFO half full (active low)
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