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(57) Abstract

A system and method for controlling the flow of information
between devices. A count is maintained representative of requests issued
by a first device. The count is incremented (920) for each packet issued
by a first device and decremented (910) for each packet received at the
first device. A maximum buffer count, which corresponds to the capacity
of the buffer is used to perform flow control by determining when the
maximum buffer count is to be exceeded by the issuance of a packet by
the first device. If the count is to be exceeded (925), issuance of packets
by the first device is prevented until the maximum buffer count will not
be exceeded by issuance of the packet.

(54) Title: SYSTEM AND METHOD OF FLOW CONTROL FOR A HIGH SPEED BUS
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captured data inm ordes to ensure that the data is stable. SUMVARY OF THE

| NVENTI ON Thevoysyisosm and net hod of the present invention provi gesnfsos/1945pW
control among devices using the packets for conveyance of flow control

i nformation. In one enbodi ment, a counter of packets issued by a first
device is maintained. The counter is therefore increnented for each packet
to be issued by the first device and decrenented for each reply packet
received by the first device. A maxi num buffer count, which corresponds to
the capacity of the buffer is used to performflow control by deternining

~ when the-maxi num b ffer cou s to b exc eded by the J.ssu a packet
by the first devic %Tﬂo‘? &QM ét}jé[ ng %H?ets by
the first devi cwmmu t he maxi num buf f er count will not
be exceeded by issu f et.. I.n, gne .enbodi I ssued
is a request packet a@ﬁ?eﬂ% %%ﬂslf&ﬂ%ﬂ%‘ lﬁaﬁl?g‘ﬁ@ Rl PRPS:}’WF)%E&%% i s
stored in the badgnethfidk conmand i nformation and data information can be

stored in the sane buffer or alternately, the data can be stored and
tracked in a buffer separate fromthe buffer storing

ART BACKGROUND

Buses are frequently used to transmit data between devices.
Generally two types of buses are used, synchronous and asynchronous.
In a synchronous system, the devices coupled to the bus operate

synchronous to one another. Furthermore, the timing budget for data
transmission, that is the time from outputting the data from the
transmitting device to the time that the receiving device samples the
data, is one clock cycle. As the complexity of computer systems has
increased, it has become increasingly difficult to physically connect the
devices close enough such that the time of flight across the connection
plus the set up and hold time of the receiving device do not exceed the
timing budget.

In an asynchronous system it is not necessary that the clocks of
the receiving and sending devices are synchronous to one another.
However, the receiving device has to include logic to wait a number
of clock cycles before reading out the captured data and sampling the
captured data in order to ensure that the data is stable.

SUMMARY OF THE INVENTION

The system and method of the present invention provides for
flow control among devices using the packets for conveyance of flow
control information. In one embodiment, a counter of packets issued
by a first device is maintained. The counter is therefore incremented
for each packet to be issued by the first device and decremented for
each reply packet received by the first device. A maximum buffer
count, which corresponds to the capacity of the buffer is used to
perform flow control by determining when the maximum buffer
count is to be exceeded by the issuance of a packet by the first device. If
the count is to be exceed, issuance of packets by the first device is



command i nformation of the request packet. BRI EF DESCRI P¥l ON OF THE -
DRAW NGS T | s, features, and advantages of the presenj.i 2

will be apE‘&P&ﬁ{l%ﬁ% one skilled in the art in view of the fo*?%’&mg%ﬁ“&n'
detail ed description in which: Figure 1 is an exanple of a systemutilizing
the bus system of the present invention. Figures 2a, 2b, 2c, 2d and 2e
illustrate the signaling topol ogy of one enbodi nent of the bus system of
the present invention. Figure 3 is atimng diagramillustrating the strobe
startup tinming detail for a 2 clock cycl@ timng budget. Figure 4

il lustrates the basic structure for receiving packets transmtted over the
bus. Figure Sprevented ninti) tHe agaximiuin buffencouny wilk notbe exceaded dyi on

detai | - Fi gur g Bl B¢ MWL ANAT tnidrleohbBlIREnE e PIPRI BB fat he reset

process utiliZed to synchtonize the recerving device and sendjng device
circuitry. Fi gequestpacket whish cdonsjstarafi qoammand; and datr infesrabon il i ssi on
process in ac hd Bute, (RcEb Atk idibAmatieAcald davention. Figure 8
is a sinmplifi ?egégt%?%lfc_%‘gla Pam Il ystrating on& errbloﬂi neqtl Oftht Iaetf | ow
control nechatffermationfanhe stored in\fag saRle butter or alternately, the data

can be stored and tracked in a buffer separate from the buffer storing

command information of the request packet.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects, features, and advantages of the present invention
will be apparent to one skilled in the art in view of the following
detailed description in which:

Figure 1 is an example of a system utilizing the bus system of
the present invention. '

Figures 2a, 2b, 2¢, 2d and 2e illustrate the signaling topology of

- one embodiment of the bus system of the present invention.

Figure 3 is a timing diagram illustrating the strobe startup
timing detail for a 2 clock cycle timing budget. -

Figure 4 illustrates the basic structure for receiving packets
transmitted over the bus.

Figure 5 is a timing diagram illustrating the data transmission
detail. -

Figure 6 is a flow chart illustrating one embodiment of the reset
process utilized to synchronize the receiving device and sending
device circuitry.

Figure 7 is a flow diagram illustrating the packet transmission
process in accordance with the teachings of the present invention.

Figure 8 is a simplified block diagram illustrating one
embodiment of the flow control mechanism of the present invention.

Figures 9a and 9b are flow charts illustrating one embodiment
of process for transmitting data in accordance with the teachings of the
presenf invention.



Figures 9a and 9b are~-flow charts illustrati ng one enbodi nent of process
for transm ttwpeededze i N accordance with the teachings of the poIsEsys/19452 .
i nventi on. 3 Figures 10a, 10b and 10c illustrate request and conpletion-
formats used in one enbodi nent of the system of the present invention.
Figure 11 is a sinplified flow di agram of one enbodi ment of a process using
a device configurable field in accordance with the teachings of the present
i nvention. DETAI LED DESCRI PTI.ON An exenpl ary system whi ch incorporates the
teachings of the present invention is showi in Figure 1. It is readily
apparent -that the pr sent |nven6 on jis plicable to,a variety of systens

and system configura i‘&'ﬁ%es gl apd,]s()q WWF%[W%SSPI‘FW&IBH WAt h t hat

. the bus system gfrrhdte uredsnbné eytbtdienertasf Meosystem dleftes piesento Figure 1,
t he synchr onous. bus ﬁxstem 100 shown provi des connections between a

controller 115, Panctions as a bri dge between a m croprocessor bus
110, to which one or Figure 11 is apimplifiedd@owodiageam aformeemdmbdinent of a

process using a device configurable field in accordance with the
teachings of the present invention.

DETAILED DESCRIPTION

An exemplary system which incorporates the teachings of the
present invention is shown in Figure 1. It is readily apparent that the
present invention is applicable to a variety of systems and system
configurations. Figure 1 is illustrative of the bandwidth that the bus
system of the present invention can provide. Referring to Figure 1,
the synchronous bus system 100 shown provides connections between
a controller 115, which functions as a bridge between a microprocessor
bus 110, to which one or more microprocess devices are connected, or
a memory bus (not shown) to which one or more memory devices are
connected, and bus expander bridges 117, 120, and 125. As is shown in
one embodiment, bridges 117 and 120 expand and format the data
received across the bus 100 to provide output to-a 64 bit Peripheral
Component Interface (PCI) bus 121 or two 32 bit PCI buses 122, 123 to
which PCI compatible devices (not shown) are connected.
Furthermore, it is illustrated that the bus 100 can provide data to a
bridge that interfaces to a graphics bus and connected devices (not
shown).

The signaling topology of the bus system of the present
invention is illustrated in Figures 2a, 2b, 2¢, 2d and 2e. Referring to
Figure 2a, synchronous bus 200 connects a controller 215 to an
expander bridge 220, such as a PCI expander bridge which bridges to a
PCI bus (not shown). In the present embodiment, a controller is
shown to be connected to a bus expander bridge via the bus. However,
it is readily apparent that the bus can connect a variety of types of
devices and subsystems. Figures 2b, 2¢, 2d and 2e are tables describing
the different signals used in the present embodiment.



a nenory bus (not shown) to which one or nore nenory devices are connected,

and bus exwgﬁisf%i dges 117, 120, and 125. As is shown in %,ﬁ%ggﬁggﬁent,
an t he

bridges 11 expand and format the data received across us 100
to provide output to a 64 bit Peripheral Conponent Interface (PCl) bus 121
or two 32 bit PCl buses 122, 123 to which PCl conpatibl e devices (not

shown) are connected. Furthernore, it is illustrated that the bus 100 can

provi de data to a bridge that interfaces4 to a graphics bus and connected
devi ces (not shown). The signaling topology of the bus system of the

present. invention _is illustrated in Figures 2a, 2b, 2c, 2d and 2e.
Referring to Fi gudn ane ermbadiment the bus ipad6deihmedesdata byws: Wity 215 to an

expander br i dgerie? ComMiitls} adar&isks SHRANGRT tihbsltoriMD Ghfdtlgne 1o a PC
bus (not shownd;3 .In the regent enmbodi nent,, a &oq%&gll ; |a§10?‘2f) to be
connect ed t o agdientWR onaldyts Garzy dAaskyaRc orimy a8y
appar ent t hatdath¢ields Tre one eibsdinterti theefundforl g ttve divodriditionahnd
zlugﬁglstselrjnss ed i U\Eare;iesz %géﬁpgm% ' g};c?e.t EQ{' g)%arglfﬁec,r-thg '8l B‘f‘m?i'dfef erent
: byte enables (mask information) identifying the bytes consisting of

valid information and may alternately carry a command type or

parity. |

The bus is bi-directional between the sending and receiving

devices. In the present embodiment, the bus transactions are full split

transactions and consist of a requést packet and a completion packet.

The request packet initiates a transaction. Completion packets are

used to return data, indicate that a transaction has completed on the

destination device, and reallocate buffer sources between the source

and destination device. All transactions can be classified as a read

request or a write request. Read requests contain command address bit

enables for non-fetchable reads, routing information and length for

desired data. The read completion packet contains the status of the

request, the data retrieved in response to the read request, and routing

and transaction information to identify the corresponding request. A

write request includes the write data in its packet. The write

completion contains no data but indicates if the write is completed

successfully. Each bus cycle (XCLK) is equivalent to the system host

clock cycle. However, each bus cycle contains a "P" half cycle and "N"

half cycle. The "P" half cycle occurs for example while XCLK clock is

high. The "N" half cycle occurs while the XCLK clock is low thus the

throughput is doubled by transmitting packets on each half cycle.

A packet of information consists of multiple 32 bit words. One

word associated byte enables are sent over the bus each XCLK cycle.

Each word is distributed between the positive and negative phase of

the bus clock cycle with bits [31:16] set on the positive phase and bits

[15:0] set on the negative phase. It is readily apparent that the bus is

not limited to this packet structure and a variety of implementations

may be used.



" I'n one enbodinent, the bus is a 16 bit w de data bus, which carries
commands, adq,{,gggc,fsgn data and transaction ID information. In aggirhjsggylg4gx\o

additional bits carry mask and other information for the data fields.

- one enbodi nent, the function of the two additional bits varies accordlng to

the clock cycle. For exanple, the fields provide byte enabl es (nmask

I nformation) identifying the bytes consisting of valid information and may

. alternately carry a conmand type or parltys The bus is bidirectional

bet ween the sending and receiving devices.” In the present enbodi nent, the

- bus transactions are full split transactions and consi st _of a req uest

packet and a conpl et®ne kexaspect afihe highespeedasyinahroneus hus of she P&ﬁ%ﬁi@t i on.

~ Conpl etion pac r% | &fible H@ﬁi@éﬁdﬁn has
conpl eted on tﬁﬁ%‘gﬁdgﬁﬁ%n%es%s q'xeR%?gcat b%%l?é%{z ﬁ%ur ces between

the source and o ﬁ‘élc%ﬁom%q%toﬂ‘??’t £¢ PYRSORIZ fassified as a
read request ortrahsmuhﬁ rafll esdeivingadevRey 05}irﬁ:hlﬂoﬁ ouslgnigh addr ess bit

IENC S e i T
- data retrieved transmit packetst between devices gues mulsipde clmkl cryglesnd transacti on
the write data i n i 1o A EA R TRRRRE ZA0bRFURPtosel atfrial DXRETHTER OT, V0o
i ndi cates if tiedodks signal XCbig)|aarizve at each connected component

simultaneously in order to maintain synchronous operation. In the

present embodiment, the XCLK and XRST# signals are issued by one

component 215 and transmitted to the second component 220 and

back into the first component 215 through lines 217, 219, which are

approximately equal in length to lines 221, 223 connected between the

first and second components 215, 220. This ensures that both

components 215, 220 receive the signals at the same time and

maintain synchronous operation. Preferably the lengths of lines 217,

223 are matched as closely as possible as the clock timing is critical.

The matching of lines 219, 221 may be less accurately matched in

length. -

An ijllustrative timing diagram for the reset process for a 2 clock
cycle timing budget is shown in Figure 3. Each device connected to the
bus sees the XRST# deasserted on the same generating XCLK clock
signal. Each component starts its synchronous strobes signal running
a predetermined number of clock cycles (e.g. three clock cycles) after
observing an XRST# deassert. Although a three clock cycle is specified
in the present embodiment, the number of predetermined cycles can
vary so long as all devices start their synchronous strobe signal on the
same cycle. With reference to Figure 3, each device captures the -
XRST# deassertion on the rising edge of clock T3. Each component,
therefore, initiates its strobe signal generator after the rising edge of
clock T6. The source synchronous signal capture circuit can therefore



successfully. Each bus cycle (XCLK) is equivalent to the-system host clock

cycle. Howe h bus cycle contains a "P" half cycle andpcNysbidasz
cycle. The ‘\‘ﬁ”ﬂg’?’? cycle occurs for exanple while XCLK cl OCE_ [ ss I gh. The

"N'" half cycle occurs while the XCLK clock is |Iow thus the throughput is
doubled by transmtting packets on each half cycle. A packet of information
consists of nultiple 32 bit words. One word associ ated byte enables are
sent over the bus each XCLK cycle. Each ¥vord is distributed between the
positive and negative phasé of the bus ctock cycle with bits [31:16] set on
the positive phase and bits [15:0] set on the negative phase. It is readily
appar ent t hat syniahronigeiiés samplingi clecks, since i kwakethestimifgure and a variety

of inpl enent a{élm@tﬁg HeweeR the XROTH HBadceice RAd! thef fifsh dalta frobpeed .
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synchronous bus present 1 nyention IS f XRST#)

] hat the ,reset .signal.
enabl es the synchr ?ﬁ&ﬁmaﬁflt&m@&l&]ﬁé@ﬁmm%dﬁwa@ Yarigyyce

synchroni zed, of %KEI Fewetéd, 18 the presatiesbedigeetitabe Myingalaclsgdgdr onous|y
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first data strobe is started from an even clock edge. The earliest even
clock edge that starts the strobe signals is the second even clock edge
after the XRST# deassertion is sampled. In the present embodiment
which implements a two clock cycle timing budget, the sampling, for
reception of data, always selects the capture element (e.g. flip-flop) that
contains data that was launched two clock cycles earlier. For example,
in a three clock cycle mode, the selection would select that which was
launched three clock cycles earlier. The multiplexor identifies the odd
clock when XRST# deasserts. Since it is defined that the first strobe is
always sent on an even clock, the capture flops and sampling

multiplexors remain synchronized.

As described earlier, the distance between devices is longer than
typical synchronous bus systems as the timing budget has been
expanded to span multiple clock cycles. Furthermore, greater data
throughput using fewer pins is achieved in part by launching data on
both the even and odd numbered clock cycles. The capture
mechanism at the receiver, which enables this capability as well as
expansion of the timing budget, is shown in Figure 4. Data is received
via one of two capture flops 405 or 410. The flop enable is controlled
by a third flop 415, which causes the enabled flop to toggle between
capture flops 405 and 410, as driven by the positive data strobe signal
(P_STB#). Thus, data that is launched on an even clock is captured by
the even capture flop 410. Data that is captured on an odd clock is
always captured by the odd capture flop 405. The present circuit,
illustrated in Figure 4, illustrates the capture circuitry for the positive
data phases of the signals. Therefore, a negative data phase capture
circuit would also be included driven by a negative strobe signal.
(N_STB#). In such a circuit the core clock-to-sampling flop would
also be inverted.



- As illustrated isn Figure 2a, both the reset signal (XRST#) and cl ock signal
- (XCLK) arrivaydhosses connected conponent simnultaneously in or gerds9s/19452 .
mai nt ai n synchronous operation. In the present enbodi nent, the XCLK and
XRST# signals are issued by one conponent 215 and transmitted to the second
component 220 and back into the first conmponent 215 through |ines 217, 219,
- which are approximately equal in length to |lines 221, 223 connected between
the first and second conponents 215, 220. Fhis ensures that both conponents

. 215, 220 receive the signals at the same tine and mai ntai n synchronous '

. operation. Preferabl he | e | i n 217 are d cl osel

" as possible as the C#S g?dnstgoé"ﬁ I"h %Pﬁ’é}gc ‘h‘ﬁag%%"f@: 219, 2%1

" may be |ess accsmplﬁsythendathénbmrthbmaptﬂme fAops twosdodk cydes afteng d| agram
for the reset p X C . yu I S ure

- 3. Each device ér%ﬁ%rglg%%gﬁtog tﬁﬁed%éls?v é%ééﬁf%ée%'ﬁgagggés@e }'ﬁ% on t eE&sngrre

gener ati ng XCLK420 iscsynshgonizedebyc the: reseb signal M'E%amdshgm@mtﬁyidﬁgr strobes

- signal running memea%w&rmgd g%?gsgmﬂl Whﬁ%‘tﬁé& %%ﬁmpléw

cycles) after o serw ng_.an XRS

cle is
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_, same cycle. Wi ge{aelf %ﬂee rrlr({gltlp(iexmgﬂoe proper?C gar%e\fes the 08& uarnedS even ¥ clocks
data two cycles after launch.
Once the data is processed through the sampling multiplexor,

the data is input to combinatorial logic and into a sampling flip-flop
440. This is subsequently output into other circuitry of the device. It
should be noted that the circuitry 430 shows a number of flip-flops
which cause a delay sufficient to provide adequate initialization for
valid sampling of data. The delay path synchronizes the sampling
multiplexor 420 to the launched data. The delay can be varied
according to the configuration implemented. Preferably, as shown in
Figure 2, XCLKout (the clock signal) and XRSTout# (the reset signal)
are generated by a common source. Both are generated by the
controller in the present embodiment and are kept synchronous by
routing both through an external clock driver and maintaining
approximately the same routing signal line length as shown in Figure
2. It is preferred that the length of the bus is limited by the following
factors: XCLK, XCLK to P_STB# + TOF (time of flight between
devices) + P_STB# to capture data valid + set up time for P data
sample is less than or equal to the number of allocated clock periods
(in the present illustration two clock periods). Thus, in the present
embodiment, the delay through the combinatorial logic 435 between
the sampling flop and sampling multiplexor must be included in the
set up time. Preferably, the turn around time from receiving to
sending must increase from one XCLK period to two when XCLK to
P_STB + TOF is greater than or equal to one clock cycle. This is
required to prevent sending data from colliding with the trailing
negative data phase receive data.



XRST# deassertion on the rising edge of clock T3. Each cenponent,

t herefore, 1’?{@%@%"7 £S Its strobe signal generator after the r%lél.ere?ﬁﬂ% of

cl ock TB6. rCe synchronous signal capture circuit can ore
synchroni ze its sanpling clocks, since it knows the timing relationship
between the XRST# deassertion and the first data strobe. The system and
timng relationships can be defined in a variety of ways. However, in the
present enbodi nent the rising clock edge that sanples XRST# deassertion is
referred to the odd cycle and the first 8ata strobe is started froman even
cl ock edge. The earliest even clock edge that starts the strobe signals is
the second even cl Achnungecxmbshmwmg(ﬂ&wnﬂagsﬁ@xemplam pagket ed. In the
present enbodi g iddibhdd Figlhed 90 Kdref %xslm gl 5/ HRBHOCT , { he

sampling, for reception of , ys se pture e (e.qg.
fl1ip-flop) thalree@yampmiﬁaaﬁrm absomaﬁmammé@ Ti\ﬁ cd’ lier.

For exanple, Nn ﬁﬁﬁ{lﬁ @ﬂethet&@n Hh Célt@iitrqu d select that
o e | il Sl et e A
strobe is al wiys obsatvedrsigmaletiiing lat ¢ke sthdingpendr éReteivs” muiicatwptheng :

same observed signals at the receiving end. The difference is the time

shift due to the flight time of the signals between the sender device

and the receiver device.

At time T37 the sender device asserts HRTS# to indicate its
request to send. At time T37, XRTS# (not shown) was not observed
asserted, so the sending device knows that it has won arbitration of
the bus. The sender asserts XADS# at time T38 to frame the packet
information indicated as 1P, 1N, 2P, 2N.

At the receiving end, the receiver device observes (captures)
HRTS# asserted at time T38. This is the time shifted HRTS# signal
asserted at time T37. The receiver knows to expect XADS# during the
next clock (T39). The present embodiment utilizes a distributed
arbiter. Thus, if the sender in this example did not have high priority,
XADS# would have been sent two clocks after HRTS# instead of one
clock after HRTS#. Each device knows its priority. By convention, the
high priority device will send its data one clock earlier than the low
priority device (assuming the low priority device was not already
requesting). Therefore, the low priority device must wait an
additional clock when it asserts its request in order to guarantee the
high priority device has observed the request. At clock T39, the
receiver samples HRTS# from the capture FLOP that captured jt. Data
is then sampled starting at time T39 from the respective flops.

The processes for resetting the system to operate in a
synchronous matter and transmission of data are illustrated by the
simplified flow diagrams Figures 6 and 7. The process for performing
reset is generally described with reference to Figure 6. At step 605,
reset signal is sent such that it is received by all devices at the same
time. Furthermore, the reset signal (XRST#) is output through




mul tipl exors remmin synchroni zed. As described earlier, the distance

bet ween devi g gbgsdyenger than typical synchronous bus systens pgy/t$98/19452
- timng budget has been expanded to span nultiple clock cycles. Furthernore,
" greater data throughput using fewer pins is achieved in part by |aunching
data on both the even and odd nunbered cl ock cycles. The capture mechani sm
at the receiver, which enables this capability as well as expansion of -the
timng budget, is shown in Figure 4. Data igs received via one of two
capture flops 405 or 410. The flop enable is controlled by a third flop

410 as driven AVERCaREdR ack 18 s bRGENAURE IR %@ﬁfﬁm&dig > that
i s launched on lmgthearetompatibleand dlheatesgt sagmleseacempd bycall depices@t Dat a
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circuitry for ttipigally is net imphags with the C@l’ﬁadgﬁljmf

negative data p e 1), PIRRA | alqgh fhedbha¥RRrdde a
negative strobe's grc]lg?iﬁ(elﬁl&rﬂ ﬂéi) such‘g‘:afﬁ.c?EC"CP?“l gde

cl ock-to-sanpl i ﬂ%leP-% ﬁh%ﬁ‘lecf ‘aq:l%&“}ﬂsﬂi‘%%ﬁef Signal t that 15 synci\ronous to it)

will be in phase with the core clocks by the time the signal arrives at
the end of the wires. The devices (e.g., 215, 220, Figure 2), at step 610,
observe the deassertion of the reset signal. At step 616, the first rising
clock edge that samples the reset signal is identified as the odd clock
cycle and the next edge is identified as the even clock cycle. The first
data strobe therefore is designated as the second clock edge (even) after
deassertion of the reset signal. At step 620, a flip-flop selecting
multiplexor in the receiver circuitry of each device identifies the odd
clock cycle when the reset signal is deasserted in order to synchronize
sampling circuitry to the sending circuitry which issues the data strobe
and data. |

At step 630, data transmission is initiated on a clock edge of an
even clock cycle, which coincides with the issuance of the data strobes
on the even clock cycle. Preferably, the system waits a predetermined
number of clock cycles, such as 64 clock cycles, before initiating data
transmission such that sufficient time is given for initialization of
circuitry.

The transmission process will now be described with reference
to Figure 7. At step 700 the transmitting device simultaneously
launches a strobe and data to the receiving device. At step 701, the
strobe and data are received at the receiving device. At step 702, if the
‘strobe was sent on an even clock the data is captured by the even flops;
if the strobe was sent on an odd clock, the data is captured by the odd
flops. At step 703, data is sampled at the receiver two clocks after
launch from the sending device. Thus, data is sampled by the even
flop if launched on even clock cycle and sampled by the odd flop if
launched on an odd clock cycle. As mentioned above, once the
circuitry in both devices are synchronized, the receiver circuitry



7 Referring again to Figure 4, the sanpling multiplexor 420 sanples the
dat a fromtr\go ?A)%Hre flops two clock cycles after transm ssion of the data
was initiate % 1272 aunched). The nul tipl exor 420 is synchro‘?ﬁ%ﬁ?%‘?ﬁzhe
reset signal XRST# and the circuitry 430, which is driven by the reset
signal. Thus, as the sampling multiplexor 420 is synchronized to sanple
initially on the even clock and the data first arrives on the even, clock
as shown in the strobe start up timng detail, the nultiplexor 420 properly
sanpl es the odd and even clocks data two ¥ycles after launch. Once the data
I's processed through the sanpling nultiplexor, the data is input to
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controller in th resent odi, ne an kept synchrongus,by’routing
both through alf Wg%wsm ¢ e&ﬂ%fﬁ?’%%ﬁﬁ%‘f of method zhd
apparatus described below.

In particular, bus overhead is decreased by distributing flow
control to the devices coupled to the bus and embedding flow control
data into the packets. Each device has at least one tracker device or
circuit that tracks the flow of data and bus requests inbound and
outbound onto the bus. At initialization, each tracker is provided
information régarding the buffer capacities of the other coupled
devices. During the process of transmission of packets, the tracker
accesses predetermined bits of each packet to determine the states of
the queues (i.e., how full/empty) and controls the flow of packets
between devices. Thus flow control is embedded in the packet
protocol. ' '

In the present embodiment, flow control between two devices is
described. However, it is contemplated that the structure can be
expanded to support flow control between multiple pairs of devices by
replication of trackers. A simplified block diagram of the flow control

“portion of the system is illustrated in Figure 8. Referring to Figure 8, a
memory controller 805, is coupled to memory 802 and a processor 803.
Alternately the memory controller is coupled to a processor bus to
which one or more processes 803 are coupled. The memory controller
805 is further coupled to a bus bridge 810 through a bus 815. In one
embodiment, the bus bridge 810 is connected to a PCI bus 820. The bus
bridge 810 shown provides one bus connection (e.g., one 64 bit
connection) to the PCI bus 820. However, it is contemplated that the
bus bridge supports multiple bus connections (e.g. 2-32 bit
connections). In a multiple bus connection arrangement, the tracker
circuitry tracks the status of dual queues, one per connection.



_' approximately the same routing signal line length as shown in Figure 2. It

. is preferredy§aé;dohe | ength of the bus is limted by the fol | gpwpAskes/19452
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822, data queue tracker logic 832, outbound request queue 824,

outbound data buffer 826, inbound request queue 828 and inbound

data queue 830. Also shown is interface/control logic 834 which

provides supporting logic for interfacing with the memory 802 and

processor 803, performing the memory operations with memory 802

and processor 803, as well as providing the request packets and

confirmation packets that are described below.

For purposes of simplification of explanation, the data

communicated between the memory 802, processor 803 and the -

memory controller 805 is shown to be transmitted through the

interface/control logic 834; however, it is contemplated that data may

be transmitted directly between the queues and the memory 802 and

processor 803. The request queue tracker logic 822 and data queue

tracker logic 832 respectively track how full the respective queues 824,

852 and 826, 856 are, such that once queue is full, the tracker prevents a

packet from being generated and placed in the queues 824, 826. In

the present embodiment, the tracker 822, 832 functions as a counter to

maintain counts of available queue space. The interface/control logic

834 operates in conjunction with the tracker 822, 832 to issue the

corresponding control signals/data to processor 803 and memory 802

to permit/prevent outbound packet generation and placement in the

corresponding queues. Inbound request queue 828 and inbound data

queue 830 respectively receive inbound requests and confirmation

packets (and associated data) from the bus bridge 810. In one

embodiment, the write data and read data is separately queued and

tracked. In one embodiment, the request queue maintains both read

and write requests, but the tracker permits only a predetermined

maximum number of read requests and a predetermined number of

write requests regardless of the number of available slots in the queue.



t he observed signal timng at the sending end. "Receive" indicates the sane

observed si g{@%ﬁls@'yz the receiving end. The difference is the '#a_%? gPMSB due
R ﬁ? 1 .

tothe flig I're”"of the signals between the sender device a

recei ver device. At tinme T37 the sender device asserts HRTS# to indicate
Its request to send. At tinme T37, XRTS# (not shown) was not observed
asserted, so the sending device knows that it has won arbitration of the
bus. The sender asserts XADS# at tinme T38 to frame the packet information
indi cated as 1P, 1N, 2P, 2N. At the recel¥i ng end, the receiver device
observes (captures) HRTS# asserted at tinme T38. This is the tine shifted
HRTS# signal asser tladng embadiment, thedrackeelogic 822dsconfiguxedte XADSH

during the ne : 8 E{W‘P' s AES; o3l | but ed
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capture FLOP teNen tbapghrthe queuerasathe capacity to receive two more requests

(those that are preallocated per read requests). If the queue currently

has six write requests and the device wishes to issue a read request,

the tracker will permit the read request to be queued.

The bus bridge 810 is similarly configured with a request queue

tracker 850, data queue tracker 860, outbound request queue 852,

inbound request queue 854, outbound data queue 856, inbound data

queue 858 and interface/control logic 882. The queue tracking

functions are performed similar to that described above. Trackers 850,

860 maintain counts of information stored in the queues 854, 828, and

858, 830, respectively, and prevent the generation of packets when one

of the queues is full. Interface/control logic 882 not described in detail

7]

herein represents the logic used to communicate with the bus 820 and
generate the request and confirmation packets as described below.
Figures 9a and 9b are simplified flow charts respectively
illustrating the flow control process for requests and data. Although
the two processes are described separately and flow control can be
initiated using either one or both processes, it is preferred that both
processes are used concurrently to control flow control as shown in
Figure 9c. In the present embodiment, the tracker maintains a count
representative of the data stored in the receiving buffer. For example,
tracker 824 maintains a count of requests stored in queue 852. When
the count exceeds a predetermined maximum, the tracker controls the
device, e.g. processor 803, to prohibit the creation of the packet, and
causing the device to continue to retry issuing the request until space
in the queue becomes available. In the present embodiment, a packet
is not created if the tracker indicates that the receiving queue is full; it



is then sanpled.starting at time T39 fromthe respective flops. The

processes fory¢hogpdobs Ny the systemto operate in a synchronous pggitisesnsssel
transm ssion of data are illustrated by the sinplified flow di agrans

Figures 6 and 7. The process for performng reset is generally described
with reference to Figure 6. At step 605, reset signal is sent such that it
Is received by all devices at the sane tinme. Furthernore, the reset signal
(XRST#) is output through .9 drivers and;{ed back into the originating
device such that the line lengths are conpati ble and the reset signal is

received.by all_ devices at e sanme_tinme. The rese I s cloc d out
by a PLL cl ock ihsntempla B}P tjin ofher em thettﬁ%riﬁ%rrﬁa&%@lp Tt he
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signal arrives eWrnté)ereqMSfoot bmmple;as aftemptedi frem Bus §20, thgaqugﬂ Fi gure

), 2 step O10iARernckie SEARSRRLLAN fihckdPssEfdicaiedMiae i iliind 10

the first rising cloc erese 'S entlfled as
the odd cl ock cgueeeamaiewmm asengexmfswruthemnm mwttﬂ@emép%xé

cycle. The firsfor outbound transactions. If an inbound request queue were to accept
a transaction for which there is no room in the receiving inbound
queue, a deadlock can occur even though no packet is sent, until there
is room in the receiving queue.

Referring to Figure 9a, at step 900, the request buffer count
maintained by the tracker is initialized. For example, the count may
be initialized to zero. However, the actual value may be some other
value such that when the count reaches the predetermined maximum
corresponding to the size of the corresponding buffer, a register
overflow occurs. Alternately, the count is initialized to a value
corresponding to the predetermined maximum and the tracker
decrements the count for each request to be sent. Thus, the buffer
maximum is reached when the count reaches zero. The maximum
size of the buffer may be hardcoded or read from a configuration
register or fill. Preferably, the capacities of corresponding pairs of
buffers, e.g. 724, 752 are checked to determine the buffer having the
smaller capacity; in this situation the maximum size would
correspond to the size of the buffers having the smaller capacity.
Furthermore, it is contemplated that the predetermined maximum
does not necessarily equal the exact capacity of the buffer and can be a
value smaller than the actual buffer capacity for a variety of reasons.
For example, in the present embodiment, the predetermined
maximum for write requests is 6 even though the buffer capacity is 8
requests. Other embodiments are also contemplated.

At step 905, if a completion packet is received, the request
tracker decrements the request buffer count, step 910, as receipt of a
completion packet is indicative that the request has been processed
and is no longer in the buffer. At step 915, if a request packet is to be



data strobe therefore is designated as the second clock edge (even) after .

deassertion eset signal. At step 620, a flip-flop sel
mul ti pl exor v?égélﬁgﬂé eceiver circuitry of each device identifies /?#11;@/19

cl ock cycle when the reset signal is deasserted in order to synchronlze
sanpling circuitry to the sending circuitry which issues the data strobe
and data. At step 630, data transmission is initiated on a clock edge of an
even clock cycle, which coincides with tgg i ssuance of the data strobes on
the even clock cycle. Preférably, the systemwaits a predeterm ned nunber
of clock cycles, such as 64 clock cycles before initiating data

transmi ssi on sien atratep 920 thei request bufferscopmtds m'éliem#ﬂt?dé\rﬁdz‘éﬂ? on of

circuitry. ThejéteRRMEE WHIthSF BEesuiit bkcdrdy th ﬁﬁ‘ife‘téﬁﬁﬂ\e‘& friaximgience to
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ment i oned aboveannof @gcqptéhe request packet and the request packet track
prevents the request packet from being created or enqueued and
causes the transmission process at the initiating bus to be retried, step
935.
It should be noted that Figure 9a is described with respect to the
transmission of request packets from a first device (e.g., device 805,
Figure 8). However, the same process is performed when the same
device is to send a completion packet as the packets are buffered in the
same buffer (e.g., inbound request buffer 852, Figure 8). In addition, if
- the process is performed with a dual port device such as the bus bridge
described above, the first device would continue to send (preferably
sending to alternate buffers) until both buffers are at full capacity.
A very similar process is performed to control flow control with
respect to data contained in the packet. A request packetisa
determined size which fits in a predetermined amount of space.
However, the amount of data is variable. Thus for data buffers, a
length field in the packet is accessed to determine the amount of
buffer space needed. A similar process is then performed to determine
when data to be queued would cause the capacity of the data queue to
be exceeded. The tracker will not allow the capacity of the data buffer
to be exceeded. For example, if a device on the bus 820 wants to write
16 DWORDS (16x4 bytes), but the tracker indicates only room for §, the
control logic 882 will only accept eight DWORDS. The device (not
shown) on the bus 820 must retry a write for the remaining DWORDS
until the tracker indicates room for them. Alternately, control logic
882 will be configured such that the logic will not allow the generation
of packets unless all data can be placed in the queue.



circuitry in both devices are synchronized, the receiver circuitry 10

sinply toggl ggokehiyasn even flops and odd flops. Thus, a procemsg /19452
operation for synchronous bus transm ssion across nmultiple clock cycles in.

whi ch the sending and receiving devices receive clock signals at the sane
- frequency is described. Al though not required for operation of the high
- speed synchronous system as descri bed above, the effectiveness of the
systemis further enhanced using the enbedggd fl ow control nethod and
- appar atus described below. In particul ar, s overhead is decreased by

distributing flow control  to the devices coupled to the bus and enbeddi ng
flow control data i ndieferingi Figure 9b.cthedata buffescomnt is initialjged; $t§Pker
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that the LEN value is the same length as is found in the outgoing
information. At step 965, if a request is to be sent, the LEN value is
determined, and the data buffer count is incremented by an amount
corresponding to the LEN. At step 970, if the amount of data of the
packet plus the current amount of data in the buffer will exceed the
capacity of the buffer, the device is prohibited from creating the packet
and placing the packet in the buffer. The device subsequently will
retry, 990, until the capacity of the buffer can accept the amount of data
of the packet. Preferably, the requesting device can indicate that a

portion of the data that fits in the remaining buffer space is to be sent
(e.g., by issuing a command to the tracker). The requesting device
subsequently issues requests, and retries if necessary, for the balance of
the data. If the buffer count will not be exceeded, at step 995 the packet
is formed by the requesting device and placed in the buffer.

As noted earlier, it is preferable that the flow control process
takes into account available request buffer space and available data
buffer space. If either buffer is full and cannot receive data, the request
is not processed. This is illustrated by the flow chart of Figure 9c. At
step 996, it is determined if a completion packet is received and if one
is received, at step 997, the request buffer count is decremented by an
amount corresponding to one request and the data buffer count is
decremented by an amount corresponding to the LEN value. At step
998, if a request is received, it is determined whether there is available
buffer space in the request buffer and the data buffer. As the amount
of data can vary, it is posSible that one buffer is full while the other
buffer still has capacity. If either buffer is not available to receive a
request, the request is not processed. and the sending device is issued
a retry signal, step 1000, to indicate to retry the request later.



bet ween devi ces. Thus flow control is enbedded in the packet pr.otocol. In

t he present (gpggé irent, fl ow control between two devices is.described.
However, it 2 ﬁ%npl ated that the structure can be expandé’(ﬁ:'rt"(’)sgg’ﬁf)‘ﬁar't
fl ow control between nultiple pairs of devices by replication of trackers.
A simplified block diagramof the flow control portion of the systemis
illustrated in Figure 8. Referring to Figure 8, a nenory controller 805, is
coupled to nmenory 802 and a processor 803, Alternately the nmenory
controller is coupled to a processor bus!® 0 which one or nore processes 803
are coupled. The nenory controller 805 is further coupled to a bus bridge
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request command encoding (RCOM][4:0]), completion command
encoding (CCOM]4:0]) and length (LEN[7:0]) fields which are found in
the request packets (Figure 10a) and completion packets (Figure 10b).
Preferably writes and reads are controlled separately by the tracker
such that different maximum count values can be used for write
requests and read requests. :

For example, when a read request is pushed into the memory
controller's outbound transaction queue, TP[1:0] is 00 to indicate a
request with no data and RCOM[4:0] is O to indicate that the request is
to use a read queue slot. The packet is formed and placed in the queue
and the outbound read queue tracker therefore is decremented by one.
When the completion packet corresponding to the read request is sent
back by the PXB, TP[1:0] is [1:x], where x is 1 if the data returned and O if
no data was return.- CCOM][4:0] is 0 to indicate this is a completion for
a read request. The outbound read queue tracker therefore increments
the count by one. It follows that when a read completion is popped
from the memory controller inbound transaction queue, the
outbound read queue tracker is incremented by one. Similar
operations occur with respect to the bus bridge.

When a write is to be performed, the request is pushed into the
device's outbound transaction queue. TP[1:0] is 01 to indicate a request
with data and RCOM[4:0] is 1 to indicate the request is using a write
queue slot. The oufput write request queue tracker is incremented by
1. When the completion for a write request is sent back, TP[1:0] is 10 to
indicate a completion with no data. CCOM[4:0] is 1 to indicate a
completion for a write request. When a write completion is popped
from the device's inbound transaction queue, the outbound write
queue tracker is incremented by 1. As noted above, when a
transaction queue tracker decrements to zero, transactions of that type



- However, it is readily apparent that device 805 can be a variety of types
 of devices th@joepspied to the bus 815. Simlarly, device 810 Cper/8os/19452
. enbodied as a variety of devices and is not |imted to a bus bridge. The

- menory controller 805 includes request queue tracker |ogic 822, data queue
. tracker logic 832, outbound request queue 824, outbound data buffer 826,

" inbound request queue 828 and i nbound data queue 830. Al so shown is

i nterface/control |ogic 834 which provides ﬁppporping |l ogic for interfacing
. with the nenory 802 and processor 803, perform ng the nenory operations

- with nmenory 802 and processor 803, .as well as providing the reqfest packet s
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deallocate data buffers by the data buffer trackers.
For example, when a read is pushed into the memory controller
outbound transaction queue, e.g. by the processor, TP[1:0] is 00 to
indicate a request with no data and RCOM]J0] is 0 to indicate the
request is using a read queue slot. The outbound read data buffer
tracker is decremented by LEN where LEN indicates data size, in the
present embodiment, the number of DWORDS being requested.
When the completion packet for the read is sent back by the bus
bridge, TP[1:0] is [1:x] where x is 1 if data is returned and 0 if no data
was returned. CCOM[4:0] is O to indicate that the packet is a
completion packet for a read. When a read completion is popped
from the memory controller inbound transaction queue, the
outbound read data buffer is incremented by LEN.
When a write packet is pushed into the memory controller

outbound transaction queue, e.g. by the coupled processor, TP[1:0] is 01
to indicate a request with data and RCOM]J4:0] is 1 to indicate the
request is using a write queue slot. The outbound write data buffer
tracker is decremented by LEN where LEN indicates the number of
DWORDS being written. The value in the LEN field of the write
request packet and the associated completion packet are always equal
even if the write was not successful at the other bus.

When the completion packet for the write is sent back by the
PXB, TP[1:0] is 10 to indicate a completion with no data. CCOM]0] is 1
to indicate that the packet is a completion packet for a write request.
When the write completion is received by the outbound write data
buffer tracker, the count is incremented by LEN. Normally, requests



834 operates in conj unction with the tracker 822, 832 to issue.the

correspondi signal s/data to processor 803 and neno o}
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correspondi ng queues. |nbound request queue 828 and i nbound data queue 830
respectively receive i nbound requests and confirmati on packets (and

associ ated data) fromthe bus bridge 810. In one enbodinent, the wite data
and read data is separately queued and tracked. In one enbodi nent, the
request queue maintains both read and wi%e requests, but the tracker
pernmts.only a predeterm ned nmaxi num nunber of read requests and a
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When a data buffer tracker decrements to zero or has
insufficient data buffers for a particular request, that request cannot be
pushed into the transaction queue. The data buffer tracker's bus
interface will therefore retry any additional transactions of that type.
Similar logic is used to support write packets issued by the bus bridge.

A simplified example of the embedded flow control process is
illustrated below. For purposes of discussion, the example is
simplified and does not take into account other configuration
parameters such as those related to prefetching. In addition, the
below example and the discussion that follows discusses the flow
control mechanism in the context of a device, such as a memory
controller, coupled through the high speed bus of the present
invention to a PCI bus bridge expander that transfers the data to 2 32
bit PCI busses or 1 64 bit PCI bus.

Data Buffer Tracker (Separate Tracker for Transactions)

ﬁ{equest Write rite Eead DatajRead ction
[Data ransactio [Buffer  [Transactio
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|Count Count
Any Read X X 0 X Retry
Bus Bridge| - ' equest up
(BB) Read X X 8 >0 o8
WORDS
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. even t hough the:queue-has the capacity to receive two nore requests (those

t hat are preawosssert per

read requests).

- write requests and the device:-wi shes to issue a read request,

| f the queue current!|pCharsossions?

the tracker

configured wth a request queue tracker 850, data queue tracker 860,

- out bound request queue 852,
i nbound data queue 858 and interface/
tracking functions are perfornmed simlar to that described above.

i nbound request queue 854,

ntr ol

permt the read request to be queued. The bus bridge 810 is simlarly
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the count exceeds a predeterm ned maxi mum the tracker centrols the device,
e.g. procesgﬁggﬁg%z to prohibit the creation of the packet, ppgysad/isso the
device to ¢ | to retry issuing the request until space In the queue
beconmes available. In the present enbodi nent, a packet is not created if
the tracker indicates that the receiving queue is full; it 13 is
contenplated that in other enbodinents the tracker may use ot her nechani sns
for preventing a request fromentering a full queue. Turning back to the
present enbodinent, if an inbound PCl (wte) request, for exanple, is
attenpted from bus 820, the request will be retried until the inbound
tracker 850 indicates that the i nbound queue in device 805 has roomfor the

write request. The Rapen QEGHESHERL dBHIAGHR tpld AAAKEr AIDWORBS tobound

ad 9‘*17&! .
request queue were to_accept a transaction for which there is no roomin
the recei vi ng transéern dFeuuexample, ading vaktecommand: (RCAMWRoBSt no packet is
ant ; ung 'Olo t bR fdrsa flﬂ?ﬂ%\b?tﬁ aqh{ee@cﬁisvstg%tfwvgomst ﬁﬁd e tﬁﬁnﬂs gure 9a,
at step , e er . coun i ntai ned h e fracker is
initialized. ﬂ&é@%@“{f%@&&ﬁmi?&%&gleitﬁ?’i‘-‘?aéﬂ ?e‘H“F%f’i éF’E.‘echoﬁever,
the actual valhegmmhywiite barst, Rowever, could result in a portion of the number

of DWORDS being accepted and the remainder being retried. For
example, Memory Read Line (MRL) transaction would be retried
unless buffer space corresponding to a full line of DWORDS is

available.

As noted above, the bus bridge is preferably configured to route
packets for dual 32 bit operating modes and single 64 bit operating
modes. In dual 32 bit mode the 'a' and 'b' transaction queues operate
independently on their respective buses. The only interaction occurs
at the high speed bus interface where one or the other set of queues
send or receive on the high speed bus between the bus bridge and the
memory controller.

In single 64 bit mode the outbound transaction queues are
paired up to appear as a single outbound queue and the inbound
transaction queues are paired up to appear as a single inbound
transaction queue. Effectively, the 64 bit PCI bus interface has twice
the queue depth of each of the dual 32 bit PCI interfaces. Thus, queue
tracking is configurable to track a pair of inbound/outbound queues as
well as a single set of queues. '

The outbound transaction queues are treated in a similar
manner to the inbound transaction queues. If an outbound
transaction from the high speed bus interface enters the 'a’ outbound
queue (OutQa), the next outbound transaction will enter the b’
outbound queue (OutQb) and so forth. At the bus bridge interface,
logic (e.g., a state machine) toggles between OutQa and OutQb.
Starting at OutQa, the first outbound transaction is attempted on the
bus coupled to the bus bridge (e.g., a PCI bus). If the transaction
completes, it is popped from OutQa and the completion packet is
pushed into whichever inbound queue the queue pointer currently is



- val ue such that .when the count reaches the predeterm ned maxi num
. correspondi ngwbaoh1kerasi ze of the correspondi ng buffer, a regi stmrr/osssribssaaw
occurs. Alternately, the count is initialized to a value corresponding to
the predeterm ned maxi mrum and the tracker decrenents the count for each
request to be sent. Thus, the buffer maxi mumis reached when the count
reaches zero. The nmaxi mum size of the buffer nay be hardcoded or read from
a configuration register or fill. Preferably, the capacities of
correspondi ng pairs of buffers, e.g. 724, 2 are checked to determ ne the
~ buffer having the snmaller capacity; in this situaiion the nmaxi num sj.ze
" woul d correspon(PQlBhPSeﬁg?’ite trapgagion é"?é‘%’?ﬂﬂﬁ %@E’slﬁé!t"e@i‘f’ ity.
- Further m_olr e, it eiv%rjﬁ@iﬁtbﬂ%dtteﬁéahﬁ_ bnt&tﬁnf 0 Ie&él;@fb]grﬁism%gtdmpt, gh@ﬂ(ﬂﬁbléuﬁdt
necessarily equal the exact, capacity. o e er can be.,a val ue
Sl Ter han t nGUEHE BPIGH kesPe Gagting with each, compicledrtipmsicsion "o
exanpl e, in the presdfita reatlcramsactiontdtethprtopeaifeihe oweboundi queue srretried e
. requests is 6 e . ' ' I

enbodi nents ar e%gﬁs%%%[&é‘%?%?gé&%‘?@@%@%‘éf?%q‘esggggg{*mgége&é’c et is
received, the raqdthe outhound gueue pointer toggles dodhe other guewsulita wiiisp
910, as receipt pdnAcEBANqhE toiBol icﬁ?d' V& 1o tihes LesldeRid has
been processed atﬂdnlﬁg ng% ong‘e{r;pﬁﬁqthﬁeodég?kfelrg. t est_e(ijhg%t%’,l i?%ba request
packet is to be that the queue pointer does not toggle. A retried write must succeed

before the outbound queue pointer will toggle to the opposite queue.
However, between attempts to complete the write at the top of the
current queue, any reads in either RRQ may also be attempted. Once
the current outbound write succeeds it is popped from the queue and a
completion packet is inserted

into the current inbound queue. The outbound queue pointer will
then toggle to the opposite queue even if an uncompleted read
remains in the RRQ.

In summary, the outbound queue pointer toggles to the
opposite queue as soon as a transaction is popped from the current
queue. A retried write is not popped until it succeeds. A retried read
is popped from the outbound queue and pushed into the RRQ. A read
in a RRQ can be attempted at any time because its ordering
requirements were met at the time it was popped from the outbound |
queue. (Note that outbound reads in one RRQ can pass outbound
reads in the other RRQ in a 64 bit PCI mode.)

In 32 bit mode, an outbound transaction is routed from the high
speed bus to either outbound queue 'a' or 'b’ depending upon the
packet’s destination identification (Destination ID). Multiplexors
select the next outbound request or a previously retired read as
discussed in the previous section. Preferably a separate multiplexor is
used for 64 bit PCI mode. When the bus bridge initiates a PCI
transaction in 64 bit mode, a multiplexor selects the command and
address bits from either outbound queue 'a' or outbound queue b'.

Inbound transactions can address more than 32 bits so both
inbound queues support dual address cycle (DAC) decode in 32 bit



14 sent, at step 920, the request buffer count is increnented and it is
determ ned %gmggg the count exceeds the predeterm ned maxi Ny vedefiiBsd2o-
I f the count "do€s hot exceed the predeterm ned maxi mum then the recelving
buffer in the device has the capacity to receive the request and the
request packet is prepared for transm ssion and subsequently sent out over
the bus, step 940. If the count exceeds the predeterm ned maxi nrum then the
avai |l abl e capacity of the buffer cannot gccept the request packet and the
request packet tracker prevents the reque&st packet from being created or
enqueued and causes the transm ssion process at the initiating bus to be

retried, stepnesk and 64hiumddee Hoe inbound requgst quenes haye SEPAEAEE wit h

respect to th LS $d B3sa Thi : iee (e.g.,
e gos, FFaéc%HEHBI Wrﬁ(ﬂm&rsﬁsﬁ@f&a&e@a@ Thi 35bit 4RYAE

evi o 15t o Guiovs RdarAGlReon s aivad IR adisp Jekcbea’ o adbiFen 4R b tho
o1 (bl e ) ke W o
descr bed: abolhs vk ards addisgs Pelotip ha nesh Pl Fodt i pitbarafior 1ps 4 °°
sendi ng to al amivedtof thaftfigh oxdenaddrdsstdf bDMEr ¥f treeinkpuhdl transgediont y.
is a single address cycle transaction, zeros must be loaded into the high
order address field of the inbound request queues.
In 64 bit mode, the inbound transaction can be initiated by
either a 32 bit PCI master or 64 bit PCI master. DAC is required to be
asserted on C/B[3:0] in packets by 32 bit and 64 bit PCI masters (e.g.,
memory controller) addressing above 4 GB because it is unknown to
the master at this time if the target is 64 bit capable or not. A 64 bit PCI
master is not required to drive the high order address bits to zero for
addresses below 4 GB. If REQ64# is asserted with FRAME# and the
PXB decodes DAC on C/B[3:0] during the first address cycle, it can
‘immediately decode the full address. If C/B[3:0] does not indicate -
DAC, the PXB must force the high order address to all zeros before
decoding the address.
As noted previously, it is preferred that the data buffers exist as
separate structures from the transaction or request queues. The data
for PCI transactions is stored in a separate queue structure from the
transaction queues: This data queue structure is referred to as the data
buffers or the data queues. Separate queues are needed for data
because the transactions and completions in the transaction queues do
not always get retired in the same order that they entered the
transaction queues. For example, write transactions may pass read
transactions in the same direction. Also, PCI delayed reads get retired
in the order that the PCI masters return for their data which is not
necessarily the same order that the read requests or read data were
received.
In dual 32 bit PCI mode when an inbound PCI write transaction
enters InQa, the data that follows the address and command on the
PCI bus will enter the PW Data 1 inbound data queue. When the



A very simlar process is perfornmed to control flow control with respect to

data contai nagoiohsde Packet. A request packet is a determ ned peygsoshived
fits in a predeterm ned anmount of space. However, the anmount of data is

“ variable. Thus for data buffers, a length field in the packet is accessed

to determine the anount of buffer space needed. A simlar process is then

. perfornmed to determ ne when data to be queued vvoul d cause the capacity of
the data queue to be exceeded. The tracker gvl not allow the capacity of

~ the data buffer to be exceeded. For exanpl 3 |f a device on the bus 820

. wants to.wite 16 DWORDS (16x4 bytes), but the tracker indi Caﬁi\? only room

" for 8, the cont |a§$°qlif§ﬂdNB@PM]F¢flér$P9t gerthe El@hvsdmker de%i ce (not

| showE) on fd he bigsn He valtéycoi'&ltﬁ{ahﬂeaﬁ?raddiésd wm'qa anw@g@a thetil the
K Ol o 12 v A5 B e SO i 0

unl ess al |l dat aDeta IYORPEY Oatarl idbmmdea@ta eu’ksB Bkeerise, g inbolingt PEI 9b,
ne et e DUt er a0y it il 18Rl 5 EBriatpa ey FEEE ST RGP |+
~length (LEN) valthe assamiatedidata ltbat follows on the PCI bus is pushed into PW Data

' 2 inbound data queue.

In dual 32 bit PCI mode, an outbound 32 bit PCI read to PCI bus
'a’ is pulled from OutQa or RRQa when the read succeeds on the PCI
bus and a Read Completion is pushed into the InQa inbound
transaction queue. The associated read data enters the PW Data
1/DRPLY Data 1 inbound data queue. When the Completion packet is
sent over the F16 bus, the packet header containing the read
completion identifier will be pulled from the top of the InQa
transaction queue and the read data will be pulled from the PW Data
1/DRPLY Datal inbound data queue.

Each 32 bit PCI port can have two inbound PCI reads
outstanding. An inbound PCI read on PCI port a is pushed into InQa
if there is a slot available in the PXB inbound queue for a read and
there are inbound read data buffers available in the PXB and MIOC.

At this time the inbound delayed read completion tracker is loaded
‘with the command and address fields of the inbound read so that it
can identify the PCI master requesting the read. A transaction
identifier unique to this inbound transaction is also loaded into the
inbound delayed read completion tracker so that the read completion
can be identified when it arrives in the OutQa. When the inbound
read completes on the P6 bus, a delayed read completion (DRC) packet
containing the read data will arrive to the bus bridge over the high
speed bus. The DRC translation header containing the inbound read
identifier will be pushed into OutQa. The read data that follows in the
packet will be pushed into DRC Data 1 data queue or DRC 2 data queue
depending upon which DRC data queue was assigned to this inbound
read. When the PCI master returns for its data (it will be continuously
retired until the data arrives) it will receive the data from DRC Data 1



conpl eti on packet. By using the LEN value, accurately buffer tracking
rel evant towbi}sll fer capacities can be perforned. It shoul_pc,p soilosh t hat
the LEN val ue “i's"the sane length as is found in the outgoing Informti on.
At step 965, if a request is to be sent, the LEN value is deternined, and
the data buffer count is incremented by an anmount corresponding to the LEN
At step 970, if the ampbunt of data of the packet plus the current anmount of
data in the buffer will exceed the capaci'4ty of the buffer, the device is
prohi bited fromcreating the packet and ‘pl acing the packet in the buffer.
The devi ce subsequently will retry, 990, until the c pac&ty of, the buffer
can accept ther Rata dpiagusuetif he assesiatedhinbaynd rea Fﬁg‘f’rl%‘a%sti ng
ge}/} ce can i théPBE&EBg e?-mtﬂ@&gﬁfqﬁme_@a@a thasabtions qh?xﬁé fa?drerkrai ;li ngh
uffer space is o n . g. y 1ssuj ng cO n racker). e
Eeég g ‘fﬁg?% §ﬁ§9nm§:ﬁ{?e‘g‘[ @‘,e ’ﬁ'ﬁg’%ﬂgﬁaﬁa&e&fmﬁgcessar Y,

requesting deth&
for the bal aneempletidie tebker. | f the buffer count will not be exceeded, at

butfer. s noted ol PERICECT Mot IEal E386%s difa Plfter i BieBEfica | | 1°
takes into acsimilar tovthel awhsactionupseuenin 64 bitsPat medel Arsinbaming Waite buf f er
space. |f el t%ﬂr%ﬁl{t?x& data BHjé{goﬁl@%Hg@?%usgﬁa%’f@ PY¢(Patal End FONESt S not

71 7S det or m Reie riata @oppret Ton RS ars SB BRI Porghelt A octi veo.
at step 997, {RceRUBAbikdAf £Hint@HOm hH4dsie PETRAAGEr Biid @he data queue

pointer is pointing at PW Data 1 queue, the first DWord is pushed into

PW Data 1 data queue and the next DWord is pushed into PW Data 2

date queue. Additional DWORDS alternate between the two inbound

data queues.

The DRC data queues and write data queues are paired and
interleaved in a similar fashion. .

The innovative packet format described above in addition to
embedding flow control information, also provides at least one field
referred to herein as the transaction identification (TID) field, that can
be used in a variety of ways. The field is preferably configurable,
depending upon the application. The advantage is that the sending
device, i.e., the device issuing a request packet, can store
predetermined data in this field, e.g., a transaction identifier or other
identifier. The control logic of the receiving device, after processing
the request and preparing the completion packet, simply copies the
contents of the field into the completion packet for transmission back
to the initial sending device. Thus, the configuration can be such that
the field contents is meaningful only to the sending device as the
receiving device simply copies the contents and sends it back.
Furthermore, as the packet is not limited to specific data, the field can
be used for a variety of purposes. Furthermore, as the receiving
device simply copies the contents into the completion packet, the
contents remain undisturbed.

This process is described generally with reference to Figure 11.
At step 1105, the sending device forms a request packet. The request



 anmpbunt corresponding to one request and the data buffer count is

; decrenented %gghsgﬁ)unt corresponding to the LEN val ue. At st pprTRiR9s/19452 2
. request is received, is determ ned whether there is avail able buffer
space in the request buffer and the data buffer. As the amobunt of data can
vary, it is possible that one buffer is full while the other buffer still

. has capacity. If either buffer is not available to receive a request, the
request is not processed. and the sending vice is.issued a retry signal,

- step 1000, to indicate to ret'ry t he reques | at er. 16 O herw se, at step
* 1001, the request Jis .o tp o the requ buf fer. .and the correspondi ng

. data to the datHa‘E;‘Eﬁ’tflﬁFu e {ranspcon gl@ﬁw ich ihusebto S8 t he packet

pr otocol . | : I USfe:] qiestig M@%atél[ eqfﬁt@mmo Et@w 13§cke1@§183_l|}gdljﬁﬁi ?Hhe
ow control necha escribed refers to.the enco
request conmand® tgﬂg};@ng‘ e)vmec’é‘TFﬁP‘éqS%'r‘?ﬁ AfKEL AR efn g ly]
(ccaV 4:0]) andpadmj; stepl_ﬂm[ﬁ 'Iﬂ']e) recebting d/dwcmsmpiyf ies the ’1['.[13 fiedduest
packets (Figure; f ly wites
and reads are C(#ltg ﬂlycéﬁaﬂregtfb Ehtﬁéeiiﬁ%ﬁg E%rryes uc%}&dﬁgé ‘2{&9 erent
nmaxi num count thuastl\gaaorﬁenﬁﬁﬁcthedFI fe not requlred to be interpreted by the
receiving device as a simple copy operation is all that is required. At
step 1125, the reply packet, including the copied contents of the TID

field, is sent back to the requesting device.

In the present embodiment, the field is used for a deferred
outbound read (processor to PCI) transaction. A deferred transaction is
a split transaction where the read is split into the initial read request
followed at a later time by a deferred reply. The requested data is
returned by the deferred reply. Thus, the device and transaction ID of
the read requester is put into the TID field. When the completion
packet with the read data is sent, the TID is copied from the request
packet to the completion packet. When the completion reaches the
top of the inbound request queue, a deferred reply is sent to the
requesting processor. The deferred reply copies the completion TID
into the deferred reply where it is used to address the processor that
initiated the original read.

The invention has been described in conjunction with the
preferred embodiment. It is evident that the numerous alternatives,
modifications, variations, and uses will be apparent to those skilled in
the art in light of the foregoing description.



requests and read requests. For exanple, when a read request is pushed into
the menory wyc}{g;lg%e.r' s outbound transaction queue, TP[1:0] 9§,Q452
indicate a request“with no data and RCOM 4:0] is O to indi ca

request is to use a read queue slot. The packet is forned and. pI aced |n t he
gueue and the outbound read queue .tracker therefore is decrenented by one.
When the conpl eti on packet corresponding to the read request is sent back
by the PXB, TP[1:0] is [1:x], where x is i f thﬁllmmanJWHHMnd 0if no
data was return. CCOM 4:0] |SOt0|nd|caeth|s for a read
request.. The out bound read queue tracker thereforé iher'emént § the count by
one. It foll oielAIMS when a read conpletion is popped fromthe nenory
control |l er i nbound Wwraesseldigieddigeue, the outbound read queue tracker .is
incremented by one. Sinmilar operations occur with respect to the bus
brldge Wen a wite is to be perforned, the request is pushed into the
devi ce's outbound tk ansaAtnemmﬂJﬁxrm\aﬁigmgﬁlowxomml@fldaﬂa@amssa baguest
with data and 0 | & t e ite queue
slot. The outp ﬁt e&'f%;dueé%{e %]l{%ge ? %ﬁ%é&?’l{eég?ﬁbgn@o?%gﬂﬂjﬁsﬂémen t he
conpl etion forﬁamp&d request is sent back, TP[1:0] is 10 to indicate a

conpl etion with no ﬁlﬂhﬁor tﬁoﬁhd'x% i:e&t% 1bélflid0 §hé firSFabeick @0 ther a
wite request. V\hen conp e e devi,ce: s i nbound

t
transaction quiegendt 1%33%% Ui tcgmpletlon recelvecf g]y tﬂe first device
from the second device;

incrementing a first request buffer count for each outbound
request issued by the first device and decrementing the first request
buffer count for each inbound completion received by the first device;

and
determining if the first request buffer count is to exceed a first

request buffer maximum.

2. . The method as set forth in claim 1, further comprising
the step of if an outbound request is to cause the first request buffer
count to exceed a first request buffer maximum, preventing issuance
of outbound requests by the first device until the first request buffer
count will not exceed the first request buffer maximum by issuance of
the outbound request.

3. The method as set forth in claim 1, wherein the steps of
monitoring and incrementing are performed by the first device.

4, The method as set forth in claim 1, wherein outbound
requests issued by the first device to the second device are processed
through a first request buffer, the first request buffer count
corresponding to the capacity of the first request buffer.



gueue tracker is increnmented by , When a transaction queue
tracker decr Asd/3 Z€ro, trangmhﬂgmmmgmtype 17 carb%ngugmggz.
" be pushed into the transaction queuec Prief erabl y* the requesting device wll
- retry any additional actions of the this type. In the present enbodi nent,
~data buffer managenent is handled a little differently;, however, it is

- contenpl ated that data buffer managenent can be handl ed the sanme way as

. requests. The TP[1:0], RCOM 4:0] and LEN[7:9; fields in the request packet
" header are used to allocate data buffers by the data buffer trackers. The

- TP[1:0], .CCOM 4:0] and LEN[7:0] fields in the conpletion packet header are
- used to deallocate data buffers by the data buffer trackers. For exanple,

. when a read Ls plﬁshedsj nt Omb%émois%@ﬂg%&hhﬁrclﬁim@Mﬁérbﬁﬁﬂs@ﬁ&ﬁonh

- queue, e.g. by the processor,,TP[ 1. LS tgQ jndicate a request with no
data and RCOM O] r‘?‘ﬁpeﬁgf’ﬁﬁ%ﬁbé Lﬂgﬁgeé Hh %&Gﬁg?gidfvﬁﬁq‘ng a read queue sl ot.

- The out bound read data buffer tracker is decrenented by LEN where LEN

~indicates data size, in the present enbodi nent, the nunber of DWORDS bei ng

requested. Wien the conpletion packet for the read is sent back by the bus
6. The method as set forth in claim 4 wherein the first

request buffer is located on the first device.

7. The method as set forth in claim 1, wherein outbound
requests issued by the first device to the second device are processed
through a first request buffer located on the first device and second
request buffer located on the second device, the first request buffer
count corresponding to the smaller capacity of the first request buffer
and the second request buffer.

8. The method as set forth in claim 1, further comprising
the steps of:

monitoring inbound requests issued by the second device to the
first device and outbound completions received by the second device
from the first device;

incrementing a second request buffer count for each inbound
request issued by the second device and decrementing the second
request buffer count for each outbound completion received by the
second device; and

determining if the second request buffer count is to exceed a
second request buffer maximum.

9. The method as set forth in claim 8, further comprising
the step of if an inbound request is to cause the second request buffer
count to exceed a second request buffer maximum, preventing
issuance of inbound requests by the second device until the second



packet for wo When a read ped from the Trenory
controller inbound transactlon otit bound read data buffer is
incremented by LEN. Wien a wite" packet I's pushed into the nmenory
control |l er outbound transaction queue, e.g. by the coupled processor,
TP[1:0] is 01 to indicate a request with igata and RCOM 4:0] is 1 to

indi cate the request is using a wite qu% e slot. The outbound wite data
buffer tracker is decrenmented by LEN where LEN indicates the nunper of
DWORDS 'bei ng wedquesirbufférecoraitowill not excepdnheiserend butfes maximeumebyiest
packet and thggasssi ttFlg ﬁﬂﬂi?ﬁ&trbﬂﬁeéiaCket are always equal even if the
wite was not success at the other bus. Wen the conpletion packet for
the wite is sent back by the PXB, TP[1:0] is 10 to indicate a conpletion
with no data. CCOMO0] is 1 to indicate that the packet is a conpletion

packet for avvrite equ en, t he eco Ie 0 e y the

outbound wite datd ?@T m\é\gi&%ps SF Et’?ltc P y&‘é’ﬁéﬁ%‘% %Xﬁggkl

Normal 'y, req uﬁshﬁormgltabound requests and incrementing the second request :
buffer count are performed in the second device.

bridge, TP[1:0] is [1:x] wherw'returned and O if no data
was returned 4:0] is 0 To indi e packet is on
0 9572 “mmm P 0RhSlsh

11.  The method as set forth in claim 1, further comprising
the steps of:

at initialization, determining a first buffer capacity value of the
second device from the second device; and

storing in the first device as the first request buffer maximum a
value corresponding to the first buffer capacity value.

12. The method as set forth in claim 1, further comprising
the steps of:

at initialization, determining a buffer size capacity in the first
device and a buffer size capacity in the second device; and

selecting a first request buffer maximum a value corresponding
to the smaller of the first device buffer size capacity and second device

buffer size capacity. .

13. The method as set forth in claim 1, wherein for each
outbound request to be issued by the first device, the first request
buffer count is incremented by 1 and for each inbound completion
received by the first device, the first request buffer count is
decremented by 1.



and conpl etions-leave.a transaction qu in t&g\\pame order as entered.
¥

Thi's is necesggloynigyz Preserve pr rdering i.e. pdigso8noss .
of occurrence on one bus is the 5@ w on the receiving bus.
",

However, a wite conpletion cont *hence, no orderi ng

. requirenment. Therefore, it is pre ed that the conpl etion packet is sent
. directly to the tracker. Wen a data buffer tracker decrenments to zero or
has insufficient data buffers for a particupgar request, that request cannot
be pushed into the transaction queue. The data buffer tracker's bus

Simlar ogic is usediio sqBEoTeUind pE sht Agh b ABRET. el i Ea NOC
- sinplified ex anpbuthm‘urtdnnequese&midsfal wiite gaquest, ﬂi&)ﬁwsrequeﬁl buffer equnt
ke S PR N A st

take into accoun er con ose related to
prefetching. In amtmmd ot B heownd: sepipdetion qfwewm’cgcregyﬁfnth%élfsﬁr ol | ows

di scusses the f'%ﬂé@f‘bh@er%ﬁﬁ@m &@&ﬂe&éﬂ%@d h P4lu®tore &ﬂ\gtwﬁ{% as a
menory controller, coupl ‘? 5 hrough the high speed bus of t'he present

i nvention 'toaP@F‘ MBfHander that transfers the data to 2 32 bit
PCl busses or 1 64 bit PCl bus. Data Buffer Tracker (Separate Tracker for
Transactions) Request Wite rite Read Data Read Acti on

15.  The method as set forth in claim 1, further comprising
the steps of:

monitoring size of data of outbound write requests issued by the
first device to the second device and size of data of inbound write
completions received by the first device from the second device;

incrementing a data buffer count by the data size for each

- outbound write request issued by the first device and decrementing

the data buffer count by the data size of the corresponding write
request for each inbound write completion received by the first device;
and

determining if the data buffer count is to exceed a data buffer
maximum,

16. The method as set forth in claim 15, further comprising
the step of the data buffer count will exceed a data buffer maximum,
preventing the issuance of subsequent outbound write requests until
the data buffer count will not exceed the data buffer maximum and
the request buffer count will not exceed the request data buffer
maximum by issuance of the outbound request.

17.  The method as set forth in claim 15, wherein outbound
requests issued by the first device to the second device are processed
through a first data buffer, the first data buffer count corresponding to
the capacity of the first data buffer.
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18. The method as set forth in claim_ 17, wherein the first
data buffer is located on the second device.

19. The method as set forth in claim 15, wherein the first
data buffer is located on the first device.

20. The method as set forth in claim 15, wherein outbound
~ requests issued by the first device to the second device are processed
through a first data buffer located on the first device and second data
buffer located on the second device, the first data buffer count
corresponding to the smaller capacity of the first data buffer and the
second data buffer.

21. The method as set forth in claim 15, further comprising
the steps of:

at initialization, determining a first buffer capacity value of the
second device from the second device; and

storing in the first device as the first data buffer maximum a
value corresponding to the first buffer capacity value.

22. The method as set forth in claim 15, further comprising
the steps of:

at initialization, determining a buffer size capacity in the first
device and a buffer size capacity in the second device; and

selecting a first data buffer maximum a value corresponding to
the smaller of the first device buffer size capacity and second device
buffer size capacity.
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23. The method as set forth in claim 15, further comprising
the step of a memory controller associated with the first device
processing the inbound requests and performing associated
operations, said memory controller indicating when outbound
completions are to be generated for 'subsequent issuance by the first
device to the second device.

24.  The method as set forth in claim 1, wherein a processor
coupled to the first device and second device reads a first buffer size
value from a configuration register located on the first device and to
determine a size of an inbound buffer on the first device that receives
outbound requests issued by the second device to the first device and
storing on the first device as the first request buffer maximum a value
corresponding to the buffer size.

25. The method as set forth in claim 1, further comprising
the steps of:

if the first request buffer count is not to exceed a first request
buffer maximum,
placing outbound requests in the first buffer;
incrementing the first request buffer count; and
transmitting output requests located in the first buffer to
the second device.

26. A bus system comprising:
a bus;
a first device coupled to the bus;

a second device coupled to the bus, a first inbound request
buffer of a determined size;



20 Certain transacti ons demand WS to transfer. For
exanple, a li Lte conmmand ( must tr fer a full )i f
| i ne consi s#?rbg?g%zDV\lPDS and | es W‘ m bufferi nﬁ&@g?ﬁs\fgﬁngl e,
the transaction nust be retried. 1\““ [

of

st, however, could
result in a portion of the nunber DWDRDS"being accepted and the

remai nder being retried. For exanple, Menory Read Line (MRL) transaction
woul d be retried unless buffer space corrgsponding to a full |ine of DWORDS
is avail able. As noted above, the bus bridge is preferably configured to
route packets for dual 32 bit operating npdes and single 64 bit operating
nodes. |n dual 32 bafirgptrackerdocatedincthefirs damacﬁalé%ﬂqhtra €oper at e

i gh Speed bs e B Bt sond o
fecei ve on t heaﬂagﬁc%iﬁ%‘ga’}’b %W#Héb%gm%@%ﬁﬂpﬁé‘%n&mr y
controller. | ncomplétiortreeeivedoble thé €irstuddive drom ahe aetomd desinesandr e
paired up to aRRCaR AF atirst Plfifes? BLRY MBuflt BiPe ot fbtund Rififlst to be

issued by the first device and decrement the first request buffer count

for each inbound completion received by the first device, said first

tracker further configured to determine if the first request buffer count

is to exceed a first request buffer maximum.

27.  The bus system as set forth in claim 26, wherein the first
inbound request buffer is located in the second device.

28.  The bus system as set forth in claim 26, wherein the first
inbound request buffer is located in the first device.

29.  The bus system as set forth in claim 26, wherein
outbound requests issued by the first device to the second device are
processed through a first request buffer located on the first device and
second request buffer located on the second device, the first request
buffer count corresponding to the smaller capacity of the first request
buffer and the second request buffer.

30.  The bus system as set forth in claim 26, wherein the first
request buffer maximum corresponds to a capacity of the first inbound
request buffer. '

31.  The bus system as set forth in claim 26, wherein the first
tracker is further configured to prevent the issuance of the outbound



transaction queuves are paired up to appear as a single inbound transaction
queue. Effectvomrge7at he 64 bit PCl bus interface has tw ce thepcryepss/mdase h
of each of the dual 32 bit PCl mterfaH‘ﬁWllﬂﬂl“ﬂlﬁm tracking.is
configurable to track a pair of inboun as well as a single
set of queues. The outbound transaction queues dre’tréated in a sinilar
manner to the inbound transaction queues. If an outbound transaction from

t he high speed bus interface.enters the 'a'szoutbound queue (QutQa), the
next outbound transaction vvi Il enter the 'b" outbound queue (CQut Qo) and so

forth. At the b !

et e ot G afEodEHER5 LR e [ T
is attenpted onexteed &wmequestdmﬁer masimur day (seugnce of the opthound f t he
transaction Comih &k, ﬁ'ttlo'fﬁ's Em@a&@m%@@damm@@tw@t s

pushed into whichever und ue i ueue poi nter currentl
poi nting. Next, mwsmranéséé‘ﬁueﬁcep the ound@eguest s attenpted. If every
out bound transacti on conpletes on first attenpt, the outbound queue pointer

keeps toggling with each conpl eted transacti on.

32.  The bus system as set forth in claim 26, further
comprising;

a second inbound request buffer;

a second tracker located in the second device, said second
tracker configured to monitor inbound requests issued by the second
device and received by the second inbound request buffer, and
inbound completions received by the second device from the first
device and increment a second request buffer count for each inbound
request issued by the second device and decrement the second request
buffer count for each inbound completion received by the second
device, said second tracker, further configured to determine if the
second request buffer count exceeds or will exceed a second request
buffer maximum.

33.  The bus systems as set forth in claim 32, wherein said
second tracker is further configured to prevent the issuance of
outbound requests to be issued by the second device until the second
request buffer count is below the second buffer maximum.

34. The bus system as set forth in claim 32, further
comprising:

an inbound data buffer located in the second device;

a second tracker located in the first device, said second tracker
configured to monitor size of data of outbound write requests issued
by the first device and received by the inbound data buffer of the
second device and size of data of inbound write completions received



If a read transaction at the tw queue is retried, it is-
noved i nt 0 WwHYessHs esponding read re RRQ (a or b)p@ﬂdsggh9452 )

out bound queue pointer toggles “\ e. If awite transaction
at the top of the outbound que m‘ trl“ed it is preferred that the gueue
poi nter does not toggle. Aretriéd Wite nmust succeed before the outbound
queue pointer will toggle to the opposite queue. However, between attenpts
to conplete the wite at the top of the gurrent queue, any reads in.either
RRQ may al so be attenpted. Once the current outbound wite succeeds it is

Prbound queue. By e iRttt GORT E‘%é‘?’&f‘%‘a &é‘ﬁ?f? afid SEfichent 2 ?%‘9'% Eﬁﬁgﬁﬁééf? e
queue even if eounidyothel datedizectoa eachwiutbo tvmtmuemsg net he,
out bound queuegpep 'd@{'g&faﬁﬁgﬂéﬁ%_n{ ¢htithe dARPBakfef CSHR’HBY Qﬁe %l@f’eﬂsi&é of the

transaction is popped fromt current queuge retried wi t | s not popped
until it succekqssespanding vadte regnest f Cﬂ'o?ﬂfiﬁ“\h%‘t‘i\d[ hi(E Slm}ﬁ Bueue and
pushed into t hﬁécEﬁ@irye}' fRAfrst MeviddRGhidbdecoad atdckepte detérming if ithee datecause
its ordering r ire nts wer ‘Ef’gﬁ dﬂ‘& %Hgftlms .t was popped fromthe
out bound queudPUHRFRMLS 0 Sxeerst A flata byer MEAMBG can' pass out bound
reads in the other RRQin a 64 bit PCl node.) In 32 bit node, an outbound
transaction is routed fromthe high
35.  The bus system as set forth in claim 34, said second

tracker further configured to cause the transmission of subsequent

outbound write requests to be postponed until the data buffer count is

below the data buffer maximum and the request buffer count is below

the request buffer maximum if the data buffer count exceeds a data

buffer maximum.

36. The bus system as set forth in claim 26, further
comprising a memory controller associated with the second device, -
said memory controller configured to process the outbound requests
and perform the associated operations, said memory controller further
configured to indicate when inbound completions are to be generated
for subsequent issuance by the second device to the first device.

37.  The bus system as set forth in claim 26, further
comprising a processor coupled to the first device, said processor
configured to read a buffer size value from a configuration register
located on the second device to determine a size of the inbound buffer
on the second device that receives outbound requests issued by the
first device to the second device and store on the first device as the
buffer maximum a value corresponding to the buffer size.



speed bus to either outbound quwﬁ'e—ndi ng upon the packet's
destination iywgghadgreati on (Destination | I‘“pl exors sel eglorilspsionst .
~ outbound request or a previously ““\“‘@ i scussed in the previous
;s/\ﬁctlfﬂ. lI;’ref gragly a jstepa{ate m;cr e tjssus_ed ggrb_GtAf bl'([j PCl node.

_ en e bus bridge initiates a ransaction in it node, a

- mul tiplexor selects the conmand and address bits from either outbound queue
"a' or outbound queue 'b'. Inbound transacts9ns can address nore than 32

- bits so both inbound queues support dual address cycle (DAC) decode in 32

- bit 22 node and 64,pit The .l nb u separate

_ latch enables for uppg?' angﬂggov\%sr’%&& %ésjg%ffog dﬁgélsa%%&%p%:é? mode, the

- | ow order addr essomprising he¢cond dnbpund request buffenlocatid iy the firstndevicef or

. PQ bus "a’ or 'Qaidrs%%eﬁatihushxdgggagf,gig@ffg# cbRfl £ BaRivE hiGiEnd he | ow

- order address prior to. the next C n preparation for the arrival of
t he high orderpam@g%h%s recepved by thadinshgswies- t ransaction is a single
address cycle transaction, zeros nust be |oaded into the high order address
field of the inbound request queues. In 64 bit node, the inbound
transaction can be initiated by
39.  The bus system as set forth in claim 26, further

comprising a first outbound buffer located in the first device

configured such that said outbound requests placed in the first
outbound buffer for subsequent output on the bus to the second -
device if the first request buffer count does not exceed a first request
buffer maximum.

40.  The bus system as set forth in claim 26, further
comprising a second outbound buffer located in the second device
configured such that said inbound completions placed in the second
outbound buffer for subsequent transmission to the first device.

41.  The bus system as set forth in claim 26, wherein the
second device is a bus expander, said bus system further comprising a
second bus coupled to the bus expander.

42.  The bus system as set forth in claim 26, wherein the first
device is a bus bridge, said bus system further comprising a second bus
coupled to the bus bridge.

43.  The bus system as set forth in claim 26, wherein the
second device is a bus expander, said bus system further comprising a
third bus coupled to the bus expander.



either a 32 bit PCl master or 64 bit PCl master. DACis required_to be
asserted on C/B[3:0] in packets by 32 bit and 64 bit PClI nmasters (e.g.,
menory cont r ¥YP8M5922dr essi ng above 4 GB because it is unknowPGRUS$H9452 .
master at this time if the target is 64 bit capable or not. -A 64 bit PCl
master is not required to drive the high order address bits to zero.for
addresses below 4 GB. If REQ4# is asserted with FRAVE# and t he PXB decodes
DAC on C/B[3:0] during the first address#&ycl e, It can inmedi ately decode
the full address. If C/ B[3:0} does not i Ocate DAC, the PXB nust force the
hi gh order address to all zeros before decoding the address. As noted
previously, it is preferred that the data buffers exist as separate
structures fromthe transaction or request queues. The data for PCl
transactions is stored i a separate queue structure fromthe transaction
queues. This data queue dqtructure is referred to as the data buffers or the
data queues. Separate qudques are needed for data because the transactions
and conpletions in the trlansacti on queues do not always get retired in the
sanme order that they entdrgd the transaction queues. For exanple, wite
transactions may pass redd—transactions in the sanme direction. Al so, PC
del ayed readsrget—retireq™n the order that the PCl masters return for

their data wh|ch isf{not rlecessarily the sane order that the read requests
or read data perg rpceivdd. ' ~ .
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. In dual 32 bit RCI node when an inbound PCl wite transaction enters |InQa,

" the data thatwHabysyss the address and command on the PCl bus wpldrassekassst he
- PWData 1 i nbound data queue. \Wen the 23 associated wite packet is

- sent over the F16 bus, the packet header containing the wite comand and

: address will be pulled fromthe InQa transaction queue and the wite data
cwll be pulled fromthe PWData 1/DRPLY Data 1 i nbound data queue.

Li kewi se, an inbound PCI wite on PCl Bu#/2® pushes the command and

- address into InQb and the associated data that follows on the PCl bus is -

. pushed into PWData 2 i nbound data que208. I n dual 32 bit PCl node, an

' outbound 32 bit PCl read to PCl bus 'aais pulled from QutQa or RRQa when

- the read succeeds on the PCl a Re tion is pushed into the
~I'nQa i nbound transaction eue. The associated rea t@- eat eLs-the. PV [t a
~ 1/ DRPLY Dgta_l.inbound data queue. Wen the Conpl etion packet is sent over

the F16 bys,CONTROEEEt eaggé S(:T%gt aining the read co [ i on i'd'é'rggh'eh
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predeterm ned data in this field, e.g., a transaction identifrer or other:
identifier. The control |ogic of the receiving device, after processing the
request angydéqaafai ng the conpl etion packet, sinply copies PEI/USIB UL s of
the field into the conpletion packet for transm ssion back to the initial
sendi ng device. Thus, the configuration can be such that the field contents
I's meaningful only to the sending device as the receiving device sinply
copies the contents and sends it back.>R8rthernore, as the packet is- not

limt 1 ¢ Odt a) ! vof—pourpoes.
Furth rﬁbﬁéi aE t ﬁécr ecefvi n@E8Ivi ce ki npl y copPERINITION contents into Fﬁe
conpl pac Qhﬂ Bl T ST T T S T e T s protesSS TS
descri ene 9 Wi FF r rence td CONURGLUER REQUEBSTETO SENBHEOUES’:'FG'IQIIi ng
devicq fornms aj request pficket. The rdqUSETHE Bl 2DIRECTIONALIBUS SENTS t he
transgction I field whigh is used td EROMEONTROLEER TO RXB\SYNCHRONOUS\ st ep
1110, phe request packet]is issued grdnaupaxep 1115, the rgceiving devijce
recei ep ] Orms—a r1e PACKREL, STEP LILZU TE ch,ET'V'I'I'I'g"
devi cge"@\[’#& y g@m B 'Ifl‘fQNTﬁQJ-lL&ﬁi Ht RCItEXP ANDE RVADDRESSIDATAISTROBEE quent
accesy by the 5’&&“ ng de ilce. Bl - DIRECTIONAL SIGNAL ASSERTED BY THE
PXB SENDING AGENT DURING EVERY CLOCK OF A

PACKET TRANSMISSION EXCEPT THE LAST

CLOCK. IN A SINGLE CLOCK TRANSMISSION .

SUCH AS A COMPLETION PACKET WITH NO

DATA, X_ADS# IS ASSERTED FOR ONE CLOCK.

XBE[1:0}# |CONTROLLER | CONTROLLER | PClI EXPANDER BYTE ENABLES Bl -
[ ! DIRECTIONAL SIGNALS ASSERTED IN
PXB PXB PHASE WITH DATA ON THE BUS TO

INDICATE VALID BYTES DURING THE DATA-

PHASES OF A PACKET TRANSMISSION.

RESERVED FUNCTION DURING HEADER

PHASES.

FI1G. 2D
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Thus,

step 112
field,

3,

the contents of. the TID are not
recei ving device as a sinple copy operation is all
twe 95879 packet, :i ncluding the copied contents of
Is sent back to the requesting device.

required to be interpreted by the

is required. At
SPpfip452

In the present enbodi nent,

t hat

the field is used for a deferred outbound read (processor to PCl)

transact
is split

i on.

into the initial

A deferred transaction is a split transaction where the read
read request followed at a later tine by a

deferred reply. The requested data is returned by the deferred reply. Thus,
t he device and transaction ID of the re
field. When the conpletion packet wwth the read data is sent,.
copied fromthe request packet to the conpletion packet.
conpl etion reaches the top of the inbound request queue,
Is sent to the requesting processor.
conpletion TIDinto the deferred reply where it

of equester is put into the TID

the TIDis
When t he

a deferred reply

The deferred reply copies the

is used to address the

processor that initiated the original read. The invention has been

descri be onf unctl O VW §IT ¢ BN VASA 2k 2 e o e va g A o 8 s 1
t he nune r%hBA | tbrndBPves. hod®PESTati dns, vari at iRERNITIONI uses will be
1 L L  J e wm Y 7 Y

R ,@ﬂgoppss?@wmigar CONTROLLER | py EXPANDER DATA BUS B - DIRECTIONAL

oYB {, | BUS TRANSFERS PACKETS BETWEEN THE

XB CONTROLLER AND PXB.
XADS#
yONTROLLER | CONTROLLER | e EXPANDER BUS PARITY B! - DIRECTIONAL
PXB PxB SIGNAL INDICATES EVEN PARITY ACROSS

XD[15:0} AND XBE({1:0]. MUST BE VALID FOR
EVERY HALF CLOCK PHASE OF A PACKET
TRANSMISSION. INVALID PARITY WILL BE
GENERATED FOR DATA THAT HAD
UNCORRECTABLE MEMORY OR BUS ERRORS.

A PARITY SIGNAL IS CORRECT IF THERE ARE AN
EVEN NUMBER OF ELECTRICALLY LOW

SIGNALS IN THE SET INCLUDING THE COVERED
SIGNALS PLUS THE PARITY SIGNALS.

FIG. 2E
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26 CLAIMS What is clainmed is: 1. A nmet hod for managi ng.fl ow control of
data across etween a first device and a second device \ od
conpri si ng Wﬂ’e”%?%gs of : nonitoring outbound requests i ssuedP%?/ﬂF%é{%i%{'St
device to the second device and i nbound conpl etions received by the first
device fromthe second device; increrren;#ibg a first request buffer count

for each out bgund neque I sgued by jthe Tiyst ¢evicejyand gecyenenting the
first request/bt count foN each |i nbounl coppl etipn regei yed by the
first device iningfif t first{request bpffer|copnt is to
exceed aXXirpt o uf f er Jmaxi pgm - 2. The nethpd as|se{ forth in
claim1l, risiNg e step\of if]lan putbouhd requesy is to cause
the first gouht to fxdeed a|firgt reguest buffér maxi mum
preventing i sgugance nd rejgugsts by the firsf device ¢ntil the
first req ' Qnot bxceedithelfirst!request buffer maxi num
by issua&ce m nd rjquest _
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3. The met hod as set-forth in claim1, wherein the steps of nonitoring
fand increnment iwQos97performed by the first device. 4. The nmetplqedsds sas
.forth in claim1, wherein outbound requests issued by the first device to
the second device are processed through a first request buffer, the first

- request buffer count corresponding to the capacity of the first request

- buffer. 27 5. The nethod as set forth in claim4, wherein the first

- request buffer is |ocated on the second device. 6. The net hod as set
~forth in claim4 wherein the first request buffer is located on the first
~device. T. - The nmethod as set forth ingglaim1, wherein outbound requests

~issued by the first device to the second device are processed through a
first request bgAPPUREFEEPgd on the first device and syagmnG pegriest buffer

| ocat ed the seognd devi ce, tgﬂmpﬁ_w@muxequest buffer count coyresponding
to the snmal lxgr capath t he LSI r:ﬁ}les nd the segond request
buffer. & "{5| € (Bt hodQ§s flort h i GUBINATORIALL Rer ¢ sy ng t he
~steps of: ws |, 2T \wac 4/ P ™
o8| VP s 440 | DATA
o> S_ INTO CORE
E e > QB} OR SIGNAL
| TO BUS
D Q o
P_STB# iLQQB EVEN)
n——D—-——@&
E
D Q
415
> QB
R
PWR_GD#
{SYNCD)
- >
XRST#
D QD Q D Q D QD Q D QF—
> b | > | b >
QB} QB QB QB (| OB QB—]
[430]
CORE
CLOCK
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nonitoring i nbound requests issued by the second device to the- first devi ce
and outbounq,ﬁ@ﬁgkﬁtlons recei ved by the second device fron1¥ §¢52

devi ce; incre g a second request buffer count for each in oun request
i ssued by the second device and decrenenting the second request buffer
count for each outbound conpletion received by the second device; and
determning if the second request buffer count is to exceed a second
request buffer nmaxi num 9. The nethod as set forth in claim8, further
conprising the step of if an inbound request is to cause the second request
buffer count to exceed a second request 2% fer nmaxi mum preventing issuance

of inbound requests by the second device until the second 28 request
buffer count will not exceed t he second buffer maxi mum by issuance of the
I nbound request. 10.|( ne;qa set forth ip clajm8,, wheyein the
steps of nonitoryngl inbo and I n¢grenmenti nglthe pecophd request
buffer count are erfdﬁ conr'de | ce.
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. first device and a buffer

11. The nethod as set forth in claiml, further conprising the steps of:
at initialization, determning a first buffer capacity value of the second
devi ce from Wes¥E9shd device: and storing in the first devi ceP&I/USAYIMPS st
- request buffer maxinuma value corresponding to the first buffer capacity
© value. 12. The met hod as set forth inclaiml, further conprising the
- steps of: at initializatione—de AN IBZ 6er size capacity in the

e second device; and sel ecting
a first request buffer nax nun1 ue cgrresponding to the snmaller of the
first device buffer size capP™ rraresecond device buffer size capacity.
13. The nmethod as set forth In q ain11, wherein for each outbound request
to be issued by thgfrrst—devrce—tie—frrst—requgst buffer count is

- increnmented by 1 arn @.n received by the first
- device, the first f%é@@%%&% %sm nted by 1. 29
DEVICES AT THE SAME TIME

605

DEVICES OBSERVE DEASSERTION
610

FIRST RISING CLOCK EDGE THAT SAMPLES
RESET SIGNAL IS DESIGNATED AS SECOND
CLOCK EDGE AFTER DEASSERTION IS SAMPLED

615

FLIP FLOP SELECTING MULTIPLEXOR IN RECEIVER
CIRCUITRY OF DEVICES IDENTIFIES ODD CLOCK
WHEN RESET SIGNAL DEASSERTS TO
SYNCHRONIZE SAMPLING CHARACTER

620

INITIATE DATA TRANSMISSION ON
CLOCK EDGE OF EVEN CLOCK CYCLE

630

OUTPUT REQUEST |
640

FIG. 6



14. The nethod as set forth in claim1, wherein for each outbound request
that is a wite request, the first request buffer count is i el by a
val ue corré%%%?‘% to the anount of data to be wite, and for each inbound
conpletion of a wite request, the first request buffer count is
decrenented by a value corresponding to the anount of data wite. 15. The
met hod as set forth in claim1, furthedlézthprising the steps of: nonitoring
size of data of outbound wite requests issued by the first device to the
second device and size of "da pbewrd wite conpletions received by the
first device fromthe secoifd devsﬁﬁT I ncrlementing a data buffer count by
the data size for each out I ssued by the first device
and decrenenting the data bbd the data size of the
corresponding wite request for egch inbound wite conpletion received by
the first device; gmui—dete i data—bogfer count is to exceed a
data buffer maxinmu SIMULTNNEOWYWW-IS’EROBEH in claim15, further
conprising the steq of ANDDATAFROMTRANSMITUING Wi || exceed a data buffer

maxi mum preventing th@gwgg:po%ggvmgtm;]ggnt ogit bound write requests
until the data buffler count will not exceed the Bata buffer nmaxi nrum and

o
c
-] q
o
¢
D

DATA AND STROBE RECEIVED AT
RECEIVING DEVICE

01

IS "EVEN CLOCK", DATA CAPTURED BY
"EVEN* FLOPS: IF "0DD" CLOCK DATA
CAPTURED BY "ODD" FLOPS

DATA IS SAMPLED TWO CLOCKS AFTER LAUNCHED;
DATA SAMPLED FROM EVEN FLOPS IF
LAUNCHED ON EVEN CLOCK AND SAMPLED
FROM ODD FLOPS IF LAUNCHED ON ODD CLOCK

703

FIG.7



the request buffer count will not exceed the request data buffer nmaxi mum by
i ssuance of dﬂ.gbﬂound request. 17. The nethod as set forthpcTvus)sionszls,
wher ei n out bound requests issued by the first device to the second device
are processed through a first data buffer, the first data buffer count
corresponding to the capacity of the first data buffer. 30 18. The

met hod as set forth in claim17, wherein the first data buffer is |ocated
on the second device. 19. The method as set forth in claim15, wherein
the first data buffer is |ocated on the first device. 20. The met hod as
set forth in claim 15, wherein outbound tdf@ests i ssued by the first device
to the second device are prgcessed through a first dafja buffer |ocated on
the first device and second Eata buf PBOCESSARed on _t hé second device, the
first data buffer count corr ' 3 apacity of the first
data buffer and the second data buffer.jZ : The nethod as set forth in

clai m 15, fyr+her—eenrpr+strg—the-steps G* 3
INTERFACE/CONTROL LOGIC734 705
| '
OuT IN DATA pé‘
- - QUEUE
“gﬁgﬁ? OuT- IN- BOUND| {BOUND| | TRACKER M
TRACKER BOUND | | BOUND | | DATA | | DATA 10
REQUEST) |REQUEST| |QUEUE| |QUEUE R
QUEUE | | QUEUE Y
722 724 728 | [_726 7}0 732 702
AN '
715
INBOUND
\1/
I
REQUEST ouT- IN- ouT- IN- DATA
QUEUE H%gﬁ'ggT R%gﬂ'égT BOUND| |BOUND| | QUEUE
TRACKER DATA | | DATA | | TRACKER
QUEUE | | QUEUE | | quEuE] |QuEuE
752 754
750 756 758 760
| S— 1
E L LOGIC
INTERFACE/CONTRO - 710
é v
PCI BUS
720
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at initialization, determning a first buffer capacity value of the second
device fro _ ond device; and storing in the first devi first
dat a buffeﬁwhgﬁﬂﬁﬁﬁ1a val ue corresponding to the first bufféﬁggg%g@?%n

val ue. 22. The nethod as set forth in claim15, further conprising the
steps of: at initialization, determning a buffer size capacity in the
first device and a buffer size capacity, ﬂ)the second devi ce; and sel ecting
a first data buffer maxi mum a val ue correspondlng to the smaller of the

first device buffer size capdciiy ond i90@¢ buffer size capacity.
31 23. . The nethod as set forth Eﬁpg%%ﬁﬁ'
of a nmenory controller associfat e8

further conprising the step
rst device processing the

i nbound requests and perform

controller indicating when out bound

erations, said nenory

onpletions are to be generated for
subsequent issuance by the first devfce to the second device. 24. The
met hod as set forth in claimi1, wh '

COMPLETION
RECEIVED
?

910

DECREMENT
BUFFER CNT

REQUEST NO

TO BE SENT
?

INCREMENT
BUFFER CNT

0
)/93

GREATER

THAN RETRY

outrur | ¥
REQUEST

FIG. 9A



" coupled to the first device and second device reads a first buffer size
- value from aggbiggssati on regi ster located on the first devi cocanssosasss2 .

' determ ne a size of an inbound buffer on the first device that receives
out bound requests issued by the second device to the first device and
storing on the first device as the first request buffer maxi numa val ue

- corresponding to the buffer size. 25. Thé20ret hod as set forth in claim1l,
- further conprising the steps of: if the first request buffer count is not
to exceed a first request b ey maxi num pl aci ng out bound .requests in the

~first buffer; increnenting ﬂéﬂfi
out put requests |ocated i M |
bus system conpri si ng:

devi ce coupled to the
Si ze;

t request buffer count; and transmtting
st buffer to the second device. 26. A
a bus; Ja first device coupled to the bus; a second

oungséequest buffer of a determined

INITIALIZE DATA
BUFFER COUNT

l

955

COMPLETION
RECEIVED
?

NO

960

DECREMENT DATA
BUFFER COUNT BY
LEN VALUE

NO REQUEST

TO BE SENT
?

FIG. 9B
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5 995
OUTPUT
REQUEST

SUBSTITUTE SHEET (RULE 26)



32 a first tracker located in the first device, said first tracker
configured jfor outbound requests issued by the first j

recei ved b9§6ﬁgﬁg#?st request i nbound buffer and inbound coﬁ%ﬁé@#@ﬁgﬂg.
received by the first device fromthe second device, and increnent a first
request buffer count for each outbound request to be issued by the first
devi ce and decrenent the first request 1B/@0¢ er count for each inbound

conpl etion received by the first devite, said first tracker further
configured to determine if the A STARTeguest buffer count is to exceed a
first request buffer maxi num 27. »® bus systemas set forth in claim
26, wherein the first inbound requesg buffer is located in the second

devi ce. 28. The bus system as se Qrth in claim26, wherein the first
i nbound request buffer is |ocat [ e F P88 device. 29. The bus system

as set forth in claim26, whe ‘t sts issued by the first
device to the second—dev+e-@Qre g S ' : st request buffer
| ocated on the first} device aMg [ e | gcat ed on the second

device, the first rgquest buffe Or respondi ng tofthe smaller
capacity of the firgt request buf find t he second reqhest buffer. 30.
The bus systemas sgt forth in clai myE§ wherein the fifst request buffer
maxi mum corresponds {to a capacity ofgthe first inbound

997
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DATA BUFFER
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REQUEST BUFFER
AND DATA TO DATA
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request buffer. .31.

.The bus systemas set forth in claim26, wherein the

first trackekydsoifdesd her configured to prevent the issuance of ptirassosridaszind

33 requests by the first device until
not exceed the first request buffer
request, if the first request buffer
buf fer maxi mum by issuance of the out bourh
set forth in claim26, further

a second tracker | ocated
configured to nonitor in
recei ved by the second
recei ved by the second d
request buffer count for
and decrenent the second
recei ved by the second d
determne if the

the first

count

request buffer count wll
ﬁBXIﬁUﬂ]by i ssuance of the outbound

exceed a first request
The bus system as

8/4%quest

32.

~a second inbound request buffer;
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second request buffer count exceeds or will exceed a second reguest buffer
maxi mum 33, The bus systens as set forth in claim 32, wherei ' cond
tracker is P“R%W@?gkonfigured to prevent the issuance of oufgsgﬁgg#gﬁggsts
to be issued by the second device until the second request buffer count is
bel ow t he second buffer maxi rum 34. The bus systemas set forth in claim
32, further conprising: an inbound data1 H&;er | ocated in the second
device; a second tracker located in the tirst device, said second tracker
configured to nonitor size of data of outbound wite requests issued by the
first device and received by the inbound data buffer of the second device
and size of data of inbound wite conpletions received 34 by the first
device fromthe second device and increnment a data buffer count by the data

size for each outbound wite 10 By Ttie=fr st devi ce and
decrenent the data buffer coupt b fKRre ¢f ffhe corresponding wite
request for each inbound witp co E? veqd by the first device,
sai d second tracker to detern§ne ga_.
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The bus system as set
count

maxi nrum and t he request

maxi rumif the data buffer

maxi nrum 35.

. The bus systemas set forth in claim
, §8j# menory controller further

is below the data buffer
further conprising a nenory controller associated with the second

ai d second tracker further configured to CRCR/USISHRI452
maxi mum 36.

equent out bound wite requests to be postponed until

b2

count
I's bel ow the request buffer

exceeds a data buffer

26,

is to exceed a data buffer
9o
su

0
said nenory controller configured to process the outbound requests

and performthe associ ated operations

count
count

forth in cl
transm ssi on

t he data buffer
buf f er

buf f er
devi ce,

n O *
g ., D01 914
0o Sco "
CFSTESSS 3573136 INSSY LON - SIHISSYIA AIOHA NIHM DO OL Xad AS G3NSS! 3o
B 23”5805 aNVE3QiS 3A0WIY) HasH
G~ NO SO
SN T . SNA 10d ALIIGILYANOD OL (s3n03y
5 LSIND3E GNOGALNO YIHLHNS SHOOTE QOIN 'SLHISSY A10Hd NIHM D0IN OL 8Xd A a3nsst|  INYE3AIS 3HNO3S) Hess
(8] (] ©
'S SC S 0 H3QV3H ONOT3SN LON S300 HOd X9 09% ]
P S 005y HCRIFAVONVA SNIZE ATNO HIQV3H LHOHS ATNO LYWHOA H3QV3H DNOTNI [oEicyly | (SSIHAQV LS3N03) SEierlv
- — @ © O >0
b Y oo 525 . S.38 GHOMA N3A3 3HL SAVYMTY Si [0:€]3aH . (S31gVN3
'S:38 GHEME 009 IHL SAYMTV Si [v:£138H ‘ST HO S3LAG 8 40 S1S3ND3IY HOH SILAG ALV 3148 LS3n03Y) [0:21384
et = —am -
h Q.- O®O . SNHNLIH JLIHM ¥ NIHM (
O = £-71Q0d ¥3£INA ILIM IHL OL HIGWNN SIHL SOV HINOVHL H344n8 ¥Ava 31¥O0TIV-30 o o,
= © S A0 (NHNLIY SQHOMA 40 H3BWNN ONY G31S3N03H QHOMA 40 HIBWNN SILYOIANI HLONIT VIV O-LINTT
ES556E0T 'NHNLIY AJHL SV SNOLLTTAINOD YOVHL OL
0> -yG1I$IAOI A8 GISN "LIDHYL A8 G3IIGONNN - HOLSINOIY A 0ILYIHO .QVd HOLVHOS. |  (aI NOILOVSNVHL) oclals
.j,H\J1.$ S - -
5o P80l (¥4 QHVH
0 S © w[«smu HM L3%OVd LHOHS ‘Qv3H 13NOVd LHOHS ‘LM V3 GUVH ‘Qv3H Tivd GHVH (SONVAINOD
R - .Amﬁ QUVH OL d¥W) 3LIUM AHL3H ‘Qv3H AHLIH ‘LM TVINHON -Qv3H TYWHON - NOILFTdWO0O) [0:vIW000
c " -0o°0 :1S3N0OIH GILVIO0SSY JO SNLYLS SNHNLIY
g s
—_ O Q Oy 4— u— .
S 3NN 3LIUM AHOWNN 'av3H G3X001
e wummmr.rw B LM NOILVHNDIINOO ‘Qv3H NOILVHNDINOD HOOINN ‘NOILOINNOD HOIHD (Sanvioo) oo
St31 Ak ABONIWEAYIH AHOWIW ‘aV3H O/ ‘NOLLOVSNYHL TWIO3dS ‘IDGTTMONNOY LdNHLALNI
_ 0O = — C >C
S C =0
SS28i8gy NOLLdIHOS3a ANVIWINOD
BSEEESEE SaTAld LDIDVd
T R .
35 5 - 4— o O
DoE_mcon
Che Eosha
CO nOONUIT-=N
O S >XC o . O .0 .=
OV Weu— N =y

SUBSTFTUTE SHEET (RULE 26)



35 38. The bus systemas set forth in claim?26, furthex conprising a
second inb est buffer located in the first device, saj

i nbound re%@gf’)i%%fer configured to receive i nbound conpl et%ﬁygﬁzlggéﬁved
by the first device. 39. The bus systemas set forth in claim26, further
conprising a first outbound buffer located in the first device configured
such that said outhound requests placed9420 the first outbound buffer for
subsequent output dn the Hus to the| second]device if the first request
buffer count does rjot excded askirsf requedt buffer maxi num 40. The bus
system.as set fortH injclgim 2@ fufther cqnprising a second out bound
buffer located in tjhe gecgnd dedi ce| configyred such that said i nbound
conpl etions placed}in {he se\%rﬁ ouf bound RQuffer for subsequent

transm ssion to thg fifst |de a1. Thg bus systemas set forth in

cl ai m 26, wherein tithe $ecqnd Q_i cel]is a bys expander, said bus system

further conprisingija s¢cond $zcou | ed to|the bus expander. 42. The bus
[

3

systemas set forth injcla

wherein thle first device is a bus bridge,
sai d bus system furft hef cdnp ng

n second bus coupled to the bus bridge.

DESCRIPTION

PACKET FIELDS

ISSUED BY MIOC TO PBX FOR THE FIRST READ OF A LOCKED SEQUENCE; M
FURTHER REQUESTS TO THE TARGETED PCl BUS EXCEPT BY THE AGENT IRIf®
ISSUED BY MIOC TO PBX WHEN FSB LOCK NUMBER SIGNAL DEASSERTS

COMMAND
LOCKED READ
UNLOCK
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43. The bus system_,as set forth in claim26, wherein the second device is
a bus expan bus system further conprising a third buQQIWQSB/éQHS?o
t he bus expa‘&ég?a%g .

20/20

Comar 3

AND STORES DEVICE-SPECIFIC DATAIN TID
FIELD

1105
!

SENDING DEVICE ISSUES PACKET

L:

!

RECEIVING DEVICE RECEIVES PACKET

SENDING DEVICE FORMS REQUEST PACKET |

RECEIVING DEVICE FORMS REPLY PACKET

AND COPIES TID DATA INTO TID FIELD
OF THE REPLY PACKET

1120

RECEIVING DEVICE SENDS
REPLY PACKET TO SENDING DEVICE
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