x

St

ADVANCED INFORMATION

CY7C965

J CYPRESS

Features

« 160 Mbyte per second per path Block Transfer Rates
« 6 bidirectional ports

« Non-blocking architecture

» 361-pin CBGA package

+ Implements Open Bus Standard (VITA 5-1994)

« Building Block for Scaleable Networks

« Preemptable prioritized transactions

« Adaptive Routing support

o JTAG Port

Functional Description

The CY7C965 Raceway Crossbar impkments in one device
the Raceway open stardard for crosspoint interconnect (VITA
5-1994). The Raceway standard allows mulitiple processor
systems to communicate using a crossbar technology that
supports very high composite data transfer rates.

Applications for the Raeway Crossbar include high-perfor-
mance multiprocessing systems and distributed processing
systems. The Raceway Crossbar can be used in back-
plane-based applications or as switch elements on single
boards. The protocol implemented by the Raceway Crossbar
is useful in either a message-passing or shared-memory pro-
gramming model.

The Raceway Crossbar can be connected in many difierent

system configurations. In its simplest configuration, the Cross-
bar is used to interconnect six standatone boards using a sin-
gle crossbar. Higher complexity systems may require the im-
plementation of a large fabric of interconnected Crossbars.

Raceway Crossbar

Fault tolerant systems may require the implementation of mul-
tiple redundant paths between nodes in the fabric. Time-criti-
cal elements in the fabric may require interrupt support, low
latency connections, and adaptive routingsupport. The Race-

way Crossbar has been designed to support all these diverse
requirements.

Any system with high data throughput requirements could take
advantage of Raceway Crossbar technology to ease the bur-
dens associated with data throughput using @nventional
methods. Bus andbackplane-based systems are not suted to
shared-resource, high-throughput applications because of the
two major limitations inherent in their design—onlyone data
conversation at a time can occur, and the rate of the data trans-
fer is compromised by the difficulty of providing a large number
of bus connections while confolling the impedance of a
multi-drop bus or backplane.

The CY7C965 provides an elegant solution to these problems
by abandoning the concept of a shared bus in favor of a
point-to-point interconnect approach. A single Raeway
Crossbar has six independent data ports and is therefore ca-
pable of three simultaneous conversations. As the device is
cascadeable, several Crossbars can be connectedtogether to
support many simultaneous conversations, leading to an ag-
gregate bandwidth which is a product of the number of conver-
sations times the rate ofeach transfer. Point-to-point intercon-
nect means that each port on each Crossbar isconnected to
only a single load. Therefore the impedance of the onnection
is controlled at the point of design and does not change there-
after. This allows for a robust high-performance transfer that is
not encumbered by theneed to cater fordifferent numbers of
connections, variable loads, and other problems associated
with multi-drop buses.
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Pin Configuration

361-Pin Ceramic Ball Grid Array
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Pin Assignments
A0 A1 A2 A3 A4
01 DXBIO7 FXBIO7 BXBIO8 DXBIO8 CXBIO9
02 BXBIO7 AXBIO4 CXBIO10 BXBIO9 EXBIOS
03 DXBIOB EXBIO4 AXBIO8 FXBIO6 GND
04 BXBIOS EXBIO5 AXBIOB AXBIO7 N/C
05 CXBIO4 CXBIO5 GND CXBIO7 GND
06 FXBIO3 FXBIO4 BXBIO8 vCC EXBIO6
07 AXBIO3 BXBlO4 GND FXBIO5 GND
08 TRESET CXBIO3 DXBIO4 vCcC DXBIO5
09 TDO TDI GND BXBIO3 GND
10 GND* TCLK GND* GND XCLKI
1 GND* GND* GND GND* GND
12 GND* GND* GND* vCC GND*
13 GND* ESTROBIO GND ASTROBIO GND
14 N/C* BSTROBIO FSTROBIO VCC GND*
15 DSTROBIO GND* GND FRDCONIO GND
16 ERDCONIO ARDCONIO CSTROBIO FRPLYIO BRDCONIO
17 CRDCONIO N/C* DRPLYIO BRPLYIO GND
18 ERPLYIO CREQO BREQI AREQI EXBIO?2
19 CRPLYIO ARPLYIO FREQO EREQO DREAQI
Pin Assignments (continued)
A5 AB A7 A8 A9
01 DXBIOS BXBIO10 FXBIO10 BXBIO11 CXBIO11
02 AXBIO9 FXBIO9 N/C* EXBIO11 N/C*
03 EXBIO7 GND EXBIO10 DXBIO11 BXBIO12
04 VCC FXBIO8 VCC FXBIO11 GND
05 CXBIOB GND DXBIO10 GND N/C*
06 vCC AXBIO10 VCC GND* GND
07 CXBIO8 GND EXBIOS AXBIO11 GND*
08 vCC EXBIO3 vCcC AXBIO5 VCC
09 DXBIO3 GND N/C* vCC N/IC
10 VCC XSYNCIH/TMS VCC VCC N/C
" N/C* GND N/C vCC N/C
12 vCcC XRESETIO VCC VCC* veC
13 EREQI GND BXBIO2 ENFWE ENKILL
14 vCC DRDCONIO vCC EXBIO1 VCC
15 vCC* GND FXBIO2 GND DXBIOCO
16 VvCC DREQO VvCC CXBIO1 GND
17 FREQI GND DXBIO2 DXBIO1 GND*
18 FXBIO1 CREQI CXBIO2 BXBIO1 N/C*
19 BREQO AREQO AXBIO2 AXBIO1 FAIR
Pin Assignments(continued)
BO B1 B2 B3 B4
o1 GND* DXBIO13 FXBIO13 FXBIO14 CXBIO15
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Pin Assignments(continued)

02 CXBIO12 DXBIO14 AXBIO14 EXBIO15 CXBIO14
03 EXBIO12 BXBIO14 GND BXBIO15 GND

04 FXBIO12 VCC DXBIO15 vCC EXBIO16
05 GND BXBIO13 GND CXBiO16 GND

06 DXBIO12 VvCC AXBIO15 VvCC CXBlO18
07 CXBIO13 FXBIO17 GND DXBIO19 GND

08 AXBIO12 VvCC BXBIO19 vCcC AXBIO20
09 GND EXBIO13 GND DXBIO20 GND

10 GND VCC BXBIO22 VCC AXBIO21
11 GND BXBIO23 GND BXBIO24 GND

12 FXBIOO VvCC DXBIO24 VCC FXBIO22
13 BXBIO27 DXBiO25 GND FXBIO25 GND

14 CXBIO31 vCC FXBIO28 vCC CXBIO23
15 GND FXBIO31 GND CXBI0O29 GND

16 BXBIO0O vCC EXBIO29 VCC FXBIO26
17 CXBIO0 AXBIO31 GND CXBt0O28 GND

18 AXBIOO BXBIO31 FXBIO30 FXBIO29 BXBIO30
19 EXBIOO EXBIO31 DXBIO31 EXBIO30 CXBIO30

Pin Assignments (continued)
B5 B6 B7 B8

01 FXBIO15 BXBIO16 DXBIO16 FXBiIO16

02 AXBIO13 EXBIO18 N/C AXBIO17

03 EXBIO14 FXBIO19 BXBIO20 EXBIO17

04 AXBIO16 DXBIO17 FXBIO21 AXBIO18

05 BXBIO17 GND CXBIO17 AXBIO19

06 VCC BXBIO18 CXBiO19 EXBIO19

07 DXBIO18 GND FXBIO18 BXBIO21

08 vCC CXBIO20 EXBIO20 FXBIO20

09 CXBi0O21 GND DXBIO21 EXBIO21

10 DXBIO22 CXBl0O22 EXBIO22 AXBIO22

1" EXBIO23 GND CXBl0O24 AXBIO23

12 VCC BXBIO25 FXBIO24 EXBIO24

13 CXB1O26 GND BXBIO26 DXBIOZ3

14 VCC DXBIO26 FXBIO23 CXBIO25

15 FXBIO27 GND AXBIO24 EXBIO25

16 DXBIO27 AXBIO26 AXBIO25 EXBIO26

17 DBXBIO28 BXBIO28 DXBIO30 AXBIO27

18 BXBIO29 EXBIO28 AXBIO28 CXBIO27

19 AXBIO30 DXBIO29 AXBIO28 EXBIO27

VCC*, GND* - a connection to the designated supply is required for CMOS inputs to the crossbar.
N/C* - this pin must not be connedted to a fow impedance supply as it is a CMOS output.
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Pin Description
Raceway Port Signals (p=AorBorCorDorEor F)

pXBIO[31:0] Data Port Bidirectional 4 mA

Six 32-bit signal sets labeled AXBIO through FXBIO are the
bidirectional route/address/data pins of the six crossbar ports.
They carry route header, address and data iraccordance with
the time multiplexed Raceway protocol. They areconnected
to only one other port in the fabric.

pREQI Input

Each Raceway port, Athrough F, uses its Request In signal to
detect two types of request. If the port is currently a master of
a transaction, assertion of this signal is interpreted as a trans-
action kill request, causing that port to cleanlyterminate its
transaction and subsequently deassert its Reguest Out signal,
freeing the port for higher priority traffic. If the port is idle, pRE-
QI is interpreted as a normal ennection request. This signal
is driven by the pREQO of the ennected port.

PREQO Output 4 mA

Each Raceway port, A through F, drivests Request Out signal
when it is a master to start a Raceway transaction from that
port. The Request Out signal remains asserted until the port's
master tenure is over. If the port is aslave to a transacton,
then the pREQO is driven to indicate that a kill is being re-
quested. This signal is intended for thepREQI of the connect-
ed port.

Request In

Request Out

pRDCONIO Read Condition 4 mA

Each Raceway port, A through Fmonitors its Read Condition
signal while master of a Raceway transaction. Depending on
assertion timing, this signalcauses the port to three-state its
XBIO bus, or indicates that a read error occurred in the trans-
action just completed. If the port is slave to a Raceway trans-
action, Read Condition is asserted to signal the transaction
master to three-state XBIO, or asserted at the end of a read of
the slave port to signal a read errorpRDCONIO is driven by
the slave port of a connected pair.

Bidirectional

pSTROBIO Data Strobe 4 mA

Each Raceway port, Athrough F, drives its Data Strobe signal
during master transaction tenure tanitiate data transfer on the
XBIO bus. A port engaged as slave to a Raceway transaction
receives Data Strobe as an input. If the trasaction is a read,

data will be sourced by the port, if the transaction is a write,
data will be captured by the port. pSTROBIO is driven by the

master of a connected pair.

Bidirectional

PRPLYIO Bidirectional 4 mA

Each Raceway port, A through F, receives Reply during mas-
ter transaction tenure. Reply has several meanings depending
on the transaction type andtiming of Reply assertion. Its first
assertion causes the port to switch from driving route informa-
tion to driving address onto XBIO. This is the “change to ad-
dress” function. The master portinterprets subsequent asser-

tions of Reply based on transaction data direction and
phasing. “split,” “ready read,” and “data strobe enable” are the
possible functions indicated by the Reply signal. If the port is
slave to a Raceway trarsaction, Reply is driven from the port
with “change to address,” “data strobe enable,” “ready read,”

Reply

and "split” as possible output ercodings. pRPLYIO is driven by
the slave of a connected pair.

Crossbar JTAG Port Signals

TDI Test Data In

Test Data In is the serial data input to the I/O boundary scan
function built into the crossbar device. The crossbar receives
test codes and bit paterns through this input when the TMS
and TCLK inputs are appropriately manipuiated.

TDO Test Data Out Output 4 mA

Test Data Out is the serial data output of the I/0 boundary scan
function built into the crossbar device. This output is provided
to allow chaining of the crossbar JTAG facility to other JTAG
equipped components.

XSYNCI/TMS Test Mode Select Input

Test Mode Select enables the JTAG boundary scan facility,
reconfiguring crossbar 1/0 functionality in conformance with
ANSI/IEE 1149.1-1990. This pin is also the crossbar control
signal XSYNCI.

TCLK Test Clock Input

Test Clock is the JTAG serial port clock. TDI set-up and hold
requirements are referenced to therising edge of this signal.

Each rising edge advances the boundary scan serial bit
stream one stage.

TRESET Test Reset Input

Test Reset is the JTAGserial port reset. The JTAG port can be
asynchronously reset at any time to clear and initialize the test
port.

Input

Crossbar Control Signals

XCLKI Crossbar Clock in

Clock In Reference is the crossbar clock. The crossbar is de-
signed to accept a 40-MHz 50% duty cycle CMOS logic level
input. All Raceway port inputs are sampled and outputs driven
from the rsing edge of this clock signal.

Input

XRESETIO Crossbar Reset
This signal resets andinitializes the crossbar.

input

XSYNCI/TMS Crossbar Sync

Internal to the crossbar a divide by two circuit generates phase
markers (phase 0 and phase 1) for driving and sampling Race-
way sighals. Raceway ports rely on phase defnition between
master and slave to communicate. The Crossbar Synchroni-
zation signal defines thephase of a crossbar inrelation to the
ports to which it is connected. Phase 0 is defined for a crossbar
as the clock period in which XSYNC! is sampled LOW on the
rising edge of XCLKI. XSYNCI can be one-shot or repetitive.
This pin is also the JTAG Test Mode Select signal TMS.

Input

Crossbar ArbitrationSignals

FAIR

The FAIR signal is normally set true on alicrossbars of a “fat
tree” topology. This signal affects the pmritization scheme
used for requests into “chid” ports A, B, C, & D. FAIR, if true,
allows an ongoing transfer on a “child” port to continue (no

Fair Input
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kills) unless a higher priority software requestomes along on
another “child” port. “Parent” ports E and F are not affected by
this signal and hence requests in on these ports will always kill
transfers of the same software priority from “child” ports A
through D. FAIR, if set LOW (disabled), always lets the request
with the highest alphabetical priority kill any connection of the
same software priority but lower alphabetical port priority.

ENKILL Enable Peer Kills

The Enable Peer Kills signal modifies the abitration on (re-

quests into) ports A through D when the FAIR signal is true.
Enable Peer Kiils allows peer kills to take place, but only when
no data has yet been sent through the connection (no Data
Strobe yet). The purpose of EnablePeer Kilis is to allow killing

of stalled requests. This is the case where a request makes it
through some but not all the crssbars. In this case Enable

Peer Kills allows stalled connections to be killed to let other
requests get through.

Input

ENFWE Enable F Wins Over E Input

The Enable Request F Wins Over E signalintroduces asym-
metry in tree topologies to prevent a thrashing condition where
two nodes are simultaneously requesting each other over a
pyramid. This setting is normally true for all crossbars that are
not at the very top of a fat tree topology. When setrue the
alphabetical prioritization of ports is modified so that arbration
occurs as follows: Any request into port F always kills any
blocking connection; next, any request in on ports A through
D going to port F kill any blocking connecton; next, requests
in on ports E - A are prioritized irdecreasing order (E wins over
D, etc.)

Crossbar System Overview

The CY7C965 implements thefabric of the interonnect topal-

ogy. The source of the data transfer must provide the data in
a format that is acceptable to the fabric before the data can be
transmitted. This function can be provided by a simple
PLD-controlled interface. This interface device, sometimes
called an "on-ramp,” is likely to be located on a board that
plugs into the Raceway fabric.

The functions performed by aRaceway "on-ramp” include
transmission of the routing informationheader, and providing
the control signals needed by the frst stage of the Crossbar
fabric. Additional functions that could be provided by the
“on-ramp” device include local DMA control,local bus arbitra-
tion, and Raceway management functions like pre-emption,
broadcast, and adaptive routing contol. The interface pro-

vides the controls needed tocommence the establishment of
the route through the fabic. Once the replyhas been received
from the destination the interface provides the timing signals
for the block of data to be transferred.Figure 1 shows the

:> NODE 4

7c965-4

Figure 1. Four Node Fabric

useof a single crossbar to interconrect four separatenodes.
Two spare ports, E and F, are shown. This topology provides
up to 320 Mbytes/second data transfer supporting two simui-
taneous conversations.

Figure 2 shows the use of three crossbars to provide intercon-
nection of eight nodes. Note that this topology supports adap-
tive routing, hence the use of the third crossbar. If adaptive
routing is not required, then two crossbars could be used. This
topology gives an aggregate bandwidth of 640 Mbytes/second
supporting four simultaneous conversations. Again, two spare
ports, E and F are available for epansion of the fabric.

Crossbar Feature Overview

Six Ports

The CY7C965 Raceway Crossbar provides six independent

32-bit bidirectional data ports. Each port has signals associat-
ed with it that control arbitration, direction, pre-emption, hand-
shaking, and all other aspects of the protocol operation.
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Figure 2. Eight Node Fabric

Bidirectional

Each port is bidirectional. The direction of a block transfer is
determined during the arbitration and ennection phase and
remains fixed for the duration of that block transfer. Following
the block transfer the port is available for data transfers in ei-
ther direction. Theexception to this is the LOCK trasaction,
used for read-modify-write operations; the data direction re-
verses between the read and the write.

Preemptable

If a data port is engaged in aconversation and a higher priority
data transfer is requested which requires the use of thebusy
port, then a "kill" request is sent by the Crossbar to the master
controliing that conversation. Once the master has reponded
to the kill request by releasing the port asociated with the
low-priority transfer, the higher priority master acquires the
port. The lower piiority master can immediately attempt to
re-establish the original conversation, and the request will go
unanswered unti! the higher prioity master has relinquished
the connection. At that time the original connection can be
resumed.

Adaptive Routing

The Raceway Crossbar supports adaptive routing, which al-
lows the data connection to be routed automatically around
busy ports. There are limitations on thisbehavior which are

dependent upon the interconnecion topology chosen by the

designer. Basically, the network of Crossbars has to be “bal-
anced,” allowing at least two paths between any twonodes

and ensuring that the distance between any twonode in the

fabric includes the same number of Crossbars. Knowing these
limitations, the designer can construct atopology which sup-

ports adaptive routing.

Scaleable

As additional crossbars areadded to a network fabic, the ag-
gregate throughput of data increases proportionally. To a first
approximation, doubling the number of crossbars in a fabric
doubles the bandwidth of the fabric.

Data Rate

The clock that governs transaction timing is defined to be 40
MHz. The maximum rate at which the data is strobed through
the fabric is one 32-bit word per risingedge of the clock signal,
implying @ maximum data rate of 160 MByte/second (four
bytes wide, 40-MHz strobe signal). The master and the slave
can each throttle the data transfers by withholding the stobe
signals, thus though synchronous, the protocoldoes not de-
mand maximum perfomance from all participants.

The Raceway protocol is an efficient mechanism for moving

blocks of data. Only eight bytes of header information are re-
quired to transfer two Kbytes of data. This efficiency allows
sustained transfer rates to be 95% of the burst maximum.

Compelled Transfers

The data transfers are compelled, whichmeans that when a
master starts to write a block of data, the slave is compelled to
take the entire block. The slave can hrottle the rate that it
accepts the data, but it must accept every word. (No facility is
defined in the VITA 5§ -1994 specification for theslave to termi-
nate the block transfer.)

Control Signals

Each Crossbar port is comprised of 32 data lines, XBIO[31:0],
controlled by 5 dedicated lines per port. The five control sig-
nals are REQO, REQI, RPLYIO, STROBIO, and RDCONIO.
Three signals are common to all ports. The three common
lines are XRESETIO, XSYNCI, and XCLKI.
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Port Contention

The XSYNCI signal provides a refaence phase signal that is
used in two ways: it provides a multplexing reference timing
signal allowing the control signals to have two functions each;
and it provides a mechanismfor resolving potentialdeadlock
situations. Each port on a crossbar isconnected to only one
other port, either a port of another crossbar, or Raceway
interface node. By ensuring that acrossbar is “out of phase’
with all the ports connected to it, the protocol cannever gen-
erate a situation where two ports (cresbar-crossbar or cross-
bar-interface) contend for the ownership of theirconnecting
path. This imposes the limitation that certain fabridopologies
(for example a “triangular” connection) are not allowed.

Split Read

A split read transaction is one where the master wishes to read
data from a slave which, either because the data is located in
a slow electromechanical device like a disk, or lecause the
peripheral has a local bus contention issue, is not able to pro-
vide the data immediately. If the slave is designed to be capa-
ble of split reads, the slavewill assert a control signal which
propagates back to the master. In this case the master writes
a return route to the slave. Following the completion of this
short write ¥ansaction the Raceway connection is released
while the slave prepares itself to send the data. When ready
the slave will become a master to establish the Raceway con-
nection and write a 32-byte data block back to the location
specified earlier. This provides better utilization ofRaceway
bandwidth.

XBIO[31:0]

alin

Locked Operations

Locked operations, sometimes called atomic operations, are
supported through the use of a lock bit in the routeheader.
Thus semaphore operations, test and set, and other locked
cycles are supported. The method used to implement locking
is simple: the master of a multi-crossbar dataransaction re-
fuses kill requests until the locked operation is complete, and
the slave is prepared for the atomic read/modify by the lock bit
in the header.

Broadcast/Multicast

The Raceway Crossbar provides a braadcast/multicast facility
whereby a master can send a block of data to a group of slave
destinations. This is supported by the use of a bradcast bit in
the routing word. When the bit is enabled participating cross-
bars send the route information and the sbsequent data block
out of all data ports. The protocol supports transmission of
data to a subset of all nodes in the fabric. A field in the pute
information may be used to select a group ofnodes with
matching broadcast accept fields. This is accomplished by the
receiving nodes, not by the participating crossbars. The cross-
bars merely provide the field unmodified to the slaves.

Crossbar Use

Data Width and Alignment

Although the physical port width is 32bits, the logical data
structures that the crossbar handles are 64 bits wide. The
crossbar protocol demands that the interface to the Raeway
provide two 32-bit data words as the unit of exchange. Thus
as shown in Figure 3 the data block transferred through the

| RouTE conTROL

r ADD

RESS[31:
DATA[63:32)

| DATA[31:0] 31 28 27

Route Format

\::::::Z::::] —!:::::Z:::Z:::: :
| DATA[S3:32] )

WIDTH; [

= ALLIGN

ADDRESS

.....

Address Format 70965-6

Figure 3. Format of Data Transfer

fabric is composed of consecutive 64-bit quantities. For this
reason the address field defined by the protocolspecifies a

“double longword” address. Another way to look at this is to
say that the data blocks are aligned on 8 byte address bound-
aries. Unaligned transfers are not supported during block
transfers.

For non-block (single cycle) trasactions, byte addressing
within the eight-byte double long word is communicatedusing
the Width/Alignment field of the header address word (sed-ig-
ure 4). This field contains encoded byte enable information to
allow maost alignments of one-byte, two-byte, or four-byte
transactions to be specfied (refer to Table 2).
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Figure 4. Header Fields

Routing Principles

The purpose of the transaction header is twofold—it provides
the desired path through the crossbar fabric,and it provides

the destination with the starting address of the data to be trans-
ferred. It also ontains control signals for actions such as

broadcasts, kill operations, and whether the transaction is a
read or a write.

The fields of the route headerare shown in Figure 4. The ini-
tiating master specifies a path through the fabric that consists
of the desired output ports at each crossbar in the path. Each
port field is three bits wide. This illustates a protocol-imposed
limit on the size of the fabric—the totakpace for the felds is
27 bits, implying a maximum of nine route fields. Each path
can traverse up to nine crossbars. Notethat this is actually a
substantial fabric as each crossbar canconnect to six other
crossbars.

After the initiating master has tansmitted the route field, the
most-significant three bits are used by the first crossbar to pick
an output port to complete theconnection across that cross-
bar. The first crossbar shifts the upper 27 bits of the route
header left by three bits and msses the result through to the
next crossbar, which looks at the most significant port field to
determine which output port is desired. This continues until the
responding slave has been contacked. Figure 5illustrates the
proegression of the route header through the fabric.

First Crossbar
31

5 4 3 2 1 o}
Mgl el gl gF T, 151 B
alt gt et ol gt gl ol 2l g o Routng | § 11
Route Fields Ag::z‘ Priorty §
................ i
Second Crossbar
3 5 4 3 2 1 0
PelT ol T 21T T 51 i
B C D E F 1 2 3 X Broadcast Reuting g
Route Fields Acccfdest Priorty g
Third Crossbar
31 5 4 3 2 1 0
N
cTol el el aT 2T 3T xTxf i
R Routing g i
oute Frelds Accept | 5. =
Code |Prorty f & ‘ss
...................................................................... i
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Figure 5. Route Progression

If the fabric does not require all ninefields, the remnant fields

may be used at the responding slave for any purpose, such as
additional high-order address bits. Note, however, that this

remnant field resides in the most significant bit positions, and
the number of chips traversed determines how wide the field
is. Itis the initiating master'sresponsibility to place the high-or-

der address bits in the appropriate fields, knowinghow many

shift operations will be performed onthe field by the interme-
diate crossbars.

The lower 5 bits of the Route word are not shifted as the fabric
is traversed. Instead the bits are examined by each crossbar
along the route and passed wchanged.

The Broadcast bit indicates tothe crossbar whether the trans-
action is to be a single mode (0) or bradcast write (1). The

Routing Priority field (Bits 2-1) indicates to the crossbar which
of three priorities the incoming messageis. This detemines

whether the crossbar will issue a kill request to an mgoing

transaction that is using the desired port.

Table 1. Routing Priority Field Assignment

Priority Level Routing Priority[1:0]
Low 00
Middle 01
High 10
Reserved 11

The Broadcast accept code provides res1ponding slaves with
a means to identify with one offour node populations. This

allows mutlticast operations. When the Broadcast bit is 0 these
two bits are reserved and must be set to 0.

The address word of the route header is composed of three
flag bits, 25 address bits, and 4 byte alignment bis. When
reset to 0, bit 0 indicates tothe responding slave that the cur-
rent transaction is to be a locked operationsuch as a
read-modify-write. Bit 1 indicates aRead transaction while set
to 1. Bit 2 is reserved and must be set to 0. The address field
is passed to the responding slave unchaged. The width/align-
ment field is defined in Table 2, and is used by the responding
slave to determine which of the 8 byte locations are to be con-
sidered active during the following single 64-bit transaction.
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Table 2. Byte Selection Table 3. Routing Code Interpretation
Byte Enables Width/Align Single Mode | Broadcast Mode
6356 7o Bt Code Entry Port Exit Port Exit Ports
B7 B6 BS B4 B3 B2 B1 BO |31 30 20 28| | BCDEF |A A
1 0 ) 0o 7 A undefined B,C,D
1 0 0 0 1 6 ACDEF B B
1 0 0 1 0 6 B ! undefined ACD
1 0o 0 1 1 5 ABDEF C Cc
1 0 1 0 0 5 C undefined AB,D
1 0o 1 0 1 4 ABCEF D D
1 0 1 y 0 4 D undefined A B,C
1 0 1 1 1 3 AB,CDF E E
1 1 1 0 0 0 3 E _ undefined undefined
P 1 0 1 o0 2 AB,CDE F F
1 1 1 1 0 0o 2 F _ undefined_ undefined
1 1 1 1 1 o 1 ABCDEF Adaptive E ABCDE
first (except port
1 1 1 1 1 0 0 1 entered)
1 1 1 1 t 1 0 1 0 AB,CDEF Adaptive F AB,CDF
1 1 1 1t 1 1 1 111 0 1 1 first {except port
entered)
Reserved 1 1 1 1
R This table illustrates that two of the ports, E and F, are consid-
Routing Codes ered as parent ports,and the other four are considered child

Table 3 shows the method used by the CY7C865 to pick an
output port based upon the contents of the most-significant
route field, the broadcast bit, and the entry port used by the
message.
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ports. This partitioning makes the broadcast operation and
adaptive routingpossible. Here are some examples of routing
codes which may help clarify the situation:

A broadcast message entering Port A with code 7 outputs
on Ports B, C, and D. But a broadcast mesage entering
port F with code 7 exits Port A.

A broadcast message entering Port F with code 0 exits
Ports A, B, C, and D.

A broadcast message entering Port F with code 1 exits
Ports A, B, C, D, and E.

A broadcast message entering Port A with code 1 exits
Ports B, C, D, and E (not F).

A non-broadcast message entering Port A with code 1 first

attempts to exit Port E: if Port E is busy it tries Port F. If F is
busy it toggles between the two waiting for one to become

free. Note that this adaptive routing will only work if the
fabric of crossbars is symmetrical. The destination will only

be reached cormectly if the rest of the route fields are valid

no matter which of E or F is taken.
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Figure 6. Example Route Programming

Figure 6 shows the route fieldsneeded to communicate using
the three crossbar, eight ported fabric. Node 1 performs a sin-
gle mode (non-broadcast) transaction with node 8 by request-
ing adaptive route preference F, A, A (field values 077). As port
F is available that is selected. At the central crossbar port A is
available, as it is at the final crossbar, and the route is estab-
lished. Node 7 wishing to talk with node 5 requires only a single
route field, value 4. Node 6 wishes to communicate with node
4, and requests adaptive routing preference F. Port F is al-
ready occupied as the path for node 1's communication, so the
crossbar automatically checks port E, and uses it. Route word
047 provides an unencumbered path to node 4. The three con-
versations occur simultaneously, with a potential fabric
throughput of 480 Mbyte/second.

If the transfer initiated bynode 6 had occurred fisst, the route
would have been C-F, A-D, E~-A. Then when the transfer from
node 1 was initiated, the requested route (BF, C-A, F-A)
would have been blocked at the cental crossbar until the first
transfer was completed or pre-empted. This illustrates the
complexity of fabric design, and the care with which route ta-
bles should be constructed.

If node 3 wishes to perform a broadcast operation, the route
fields it would use are 170, with the broadcast bit set. the first
“1" indicates output ports shall be A, C, D, and E. The 7"
indicates that port A be used at the middle crossbar. The final
*0" causes A, B, C, and D to be outputs.

Latency

The protocol carries an overhead due to the establishment of
the route, and the propagation of theslave strobes. Once the
connection is established, the data is piped through the fabric,
and the length of the pipe is itself an additional overhead. The
time from the master first asserting REQO until the slave has
acquired the first data word deends upon the number of chips
in the fabric between the initiating master and thaesponding
slave. It is also dependent upon whetherthe requested route

1"

is available. These factors are bothunder the control of the
system designer.

Latency could be defined as the time fom the point that the
initiating master asserts REQO tili the datasource receives
permission to start driving data out (connection latency). Abr-
natively it may be the time from the assertion of REQO till the
data destination has received the fist 64-bit data word flata
latency). Both calculations are shown below. Also, the data
latency on write operations is shorter than reads bcause write
operations take three “trips” through the fabric to establish the
connection (one for the route,one strobe from the slave, and
one handshake plus data fom the master). read operations
take four “trips” (one for the route, one strobdrom the slave,
one handshake from the master, and one for the actual data)
Though this may sound excessive, the actual overhead is rel-
atively small compared to the amount of data in each block.
Refer to Figure 7 for an example of routing latency.

For connection latency with no route contention, there are
three clock periods per crossbar for the assertion of REQO,
followed by 5 periods until theassertion of RPLYIO requesting
the write data, followed by one clock percrossbar strobe prop-
agation back to the initiating master, followved by one clock till
the assertion of the response strobe by the master—4n+6.
This is the same for both reads andwrites.

For write data latency, theconnection latency is followed by

two clocks for the assertion of the first 64-bit word by the mas-
ter, followed byone clock per crossbar propagation back to the
responding slave—5n+8.

For read data latency, following the onnection latency the
master response strobe propagates back to the slave at one
clock per crossbar, then there are twoclocks to the assertion
of RDCONIQ, twoclocks to asserting RPLYIO indicating the
read data is ready, and twoclocks to the assertion of the first
32-bit data word. Then the read data propagatesack at one
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clock per crossbar. One additional cycle isneeded forthe mas-
ter to capture the final 32-bit wod—6n+13.

Broadcast/Multicast

When an initiating master wishes to broadcast data, ormulti-
cast to a subset of the slave population, the following se-
quence takes place. A write transaction isinitiated with the
broadcast bit set in the route word. Each crossbar that is pre-
sented with this route word waits for all ports tdbecome free,
then drives the route from the previous stage through to the
next crossbars. When all ports are free, it also drives RPLYIO
HIGH back to the previous stage, indicating that the previous
stage should change to address. Route shifting occurs just as
for the standard write operaton described eardier. This opera-
tion propagates through the fabric just as a normal write oper-
ation, until all receivingslaves have been reached. As each
responding slave sees the transaction it drives the RPLYIO
line in each phase 0 indicating it is ready to accept the broad-
cast data. As this is a broadcast operation, the individual
crossbars do not generate the RPLYIO signal back towards
the initiating master until ALL their 5 responding ports have
provided the first RPLYO. In this way it issnsured that a con-
nection has been established to every node in the fabric, no
matter how many crossbars are in the paths. The limitation of
using broadcast operations for block transfers ighat all nodes
must be able to accept data at the full transfer rateNodes
unable to accept data at this Bte must behave as though the
broadcast accept code did not match: they shouldstill gener-
ate a strobe with every phase 0 on RPLYIO, but should discard
the data.

The broadcast accept code provides a means of transmitting
data to a subset ofthe total node population. It is the receiving
slave's responsibility to respond to any broadcast with the
RPLY10O strobes, but it should discard the data if the codeloes
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not match its predefined pattern. Up to 4 groups of nodes can
be designated. Nodes that are unimplemented appear to the
crossbar to respond because the crossbars have on-chip
pull-up resistors which emulate the signals needed for write
operations (on RPLYIO and RDCON).

Kill Operations

To enable higher priority ransactions to interrupt lower piority
ones the kill protocol has been defined. The prority bits in the
route headerword are compared with the latched prioity word
associated with abusy port, and if the new request is of higher
prioritythen the crossbarsends a kill request back towards the
initiating master of the ongoing transaction. Thesignal used is
REQO, which is connected to the REQI pin of theriitiating
master. The initiating master maychoose to ignore this kill
request if the ongoing transaction is a locked transactionOth-
erwise the protocol requires that thenitiating master terminate
the ongoing transaction cleanly, meaning that no further write
data will be sent and no further read rguests will be sent. After
the initiating master drops its REQO, the route is free for use
by the higher piiority message. Presumably, the lower piority
initiating master will re-establish theconnection and continue
where it left off. This is simply a normal connection request,
and must beinitiated at least 4 cycles afterdeasserting REQO.

Transaction Timing

Figure 7 shows a 24-byte write operation taking place across
a two-crossbar fabric. The initiating master firskamples REQI
to determine if it is being acessed as a slave (in phase1), and
if it is not being accessed, it asserts REQO in phase 0, along
with the route word. It also drives STROBIO LOW preparatory
to asserting it in every phase 1 (as a heartbeat used by the
slave).
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The slave port connected to the initiating master is on the op-
posite control phase and therefore receives the REQO signal
from the master inphase 1 {on REQI pin). The slave port
drives the RPLYIO signal LOW inphase 0. The crossbar must

now determine if the requested output port is free, andises

the route word as provided by the master. The route word is
valid on XBIO for twoclock cycles, then the initiating master

provides the route shifted by three bits. The shifted route is
driven through the crossbar as the route word for the next
stage in the fabric, unless the requested port is not available.

if the port is not available the initiating master contines to

drive the shifted route on XBIO until the crossbar slave port
asserts RPLYIO high (inphase 1) to indicate that the port is

available and the connection has been made with it.

The master interprets RPLYIO going HIGH during its phase 0
as meaning that the slave is ready to receive theaddress
word. The master drives the address word on XBIO in either
the next phase O if able, or if the master is not high-perfor-
mance it maydrive the address in the second phase 0.

This header information now passes through the fabric of
crossbars in an identical manner. The output port of the cross-
bar becomes a master, and drives REQO along with thaoute

information passed through fom the previous stage (in its
phase 0) , then shits the route and waits for the response

before driving the address on XBIO.

When the final crossbar is traversed, the rsponding slave
must latch the “route” word if it wishes to use the high-order
address bits, otherwise the final mastercrossbar will shift them
when it provides what it regards as the shifted route. The re-
sponding slave drives RPLYIO (inits phase 1) to indicate it is
ready to accept the address. Now the route is established
through the fabric, and the responding slave has been provid-
ed with all the relevant information on thetransaction in pro-
cess (read or wiite, broadcast or not, startingaddress). The
slave must now indicate to the initiating master that it is ready
to accept data (for a wite) or source data (for a read).

Figure 7 is a write, and the slave therefore dives a signal
indicating that it can acept data. It uses the RPLYIO signal
driven HIGH in phase 0. The connected crossar is not the
initiating master, so it des not have any data to present to the
slave. The RPLYIO signal is passed through to the other side
one clock later. This propagates back through the fabric until
the initiating master ®es RPLYIO going HIGH in its phase 1.
Meanwhile, back at the responding slave, the device is apa-
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ble of receiving data on each clock edge so it continues to
toggle RPLYIO indicating that it can take the data whenever
the connected master has some. This string of pulses contin-
ues to propagate through the fabric towards thenitiating mas-

ter.

Once the master sees RPLYIO HiGHduring phase 1, it drives

STROBIO during phase 0. This indicates to the connected
slave that the master is about to drive data on XBIO, which it
does in the next two phass: in phase 1 it drives D63:32, and

in phase O it drives D31:0. If the master ixapable of providing

data on every phase it continues to drive STROBIO during

phase 0, followed by the data words. If the connected slave is
unable to accept data, it does not drive RPLYIO until ready:
this throttles the master. Note that as the protocol is compelled,
the slave cannot indefinitely throttle the master, and must pro-
vide the strobe signal as soon as it can until the master has
ceased driving REQO. In Figure 7 the master is capable of
providing data on every phase, and the slave iscapable of

receiving it on every phase, so no throttling is employed. The
data propagates back towards the responding slave through

the fabric in an identical manner at each crossbar.

Meanwhile the responding slave has continued to provide
pulses on each phase 0, and these pulses have been piped
along the fabric towards the initiating mastermany more puls-

es than the master actually wishes to respondto. This is not

significant, and in fact is a feature of the protocol. The respond-
ing slave sees STROBIO high during its phase 1, and takes
the data on the following two phases.

After three data gcles the initiating master has finished, and

ignores further requests on RPLYIO. After the final data word
has been transferred during itsphase 0, it drives STROBIO

LOW during phase 0O indicating that no data will be driven in
the next cycle, then continues to drive STROBIO LOW during
phase 1 to indicatethat the transaction is complete (heartbeat
stops). It drives REQO LOW entering phase 0, and
three-states STROBIO, thus ending the transfer. Theonnect-

ed slave port responds to the low level on REQI (master's
REQO) by three-stating RPLYIO in the nexiphase (its phase

0). This sequence of contols propagates through the fabric
behind the data words, and each crossbar traversed releases
the ports as the signals pass through. The responding slave
has continued generating strobes on RPLYIO, and upon see-
ing the connected master drop REQO, it stops generating
pulses, and three-states the signal.
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