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METHOD AND APPARATUS FOR.PROVI DI NG AND EMBEDDI NG CONTROL
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present invention is related to a synchronous bus system and net hod.
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The present invention is related to a synchronous bus system and method.

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 sending

device specific data in a bus transaction by preallocating a device configurable field
the contents of which is configurable by the device sending a request. Upon
receipt of the request, the receiving device responds to the request and generates a
reply. The reply includes a field that the receiving device simply copies the
contents of the device configurable field into a corresponding field of the reply.
The reply therefore conveys back the same information in the corresponding field,
thereby enabling the sending device to use the field for a variety of purposes.

BRIEF DESCRIPTION OF THE DRAWINGS
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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 S 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 present
invention.

Figures 10a, 10b and 10c illustrate request and completion formats
used in one embodiment of the system of the present invention.

Figure 11 is a simplified flow diagram of one embodiment 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 1is
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
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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¢c, 2d and 2e are tables describing
the different signals used in the present embodiment. ’

In one embodiment, the bus is a 16 bit wide data bus, which carries
commands, addresses, data and transaction ID information. In addition, two
additional bits carry mask and other information for the data fields. In one
embodiment, the function of the two additional bits varies according to the clock
cycle. For examplc, the fields provide 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
request 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
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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. Itis
readily apparent that the bus is not limited to this packet structure and a variety of
implementations may be used.

Onc key aspect of the high speed synchronous bus of the present invention
is that the reset signal (XRST#) enables the synchronization of all devices
connected to the bus. Once synchronized, the transmitting and receiving devices
operate synchronously in accordance with prespecified timing protocols to
synchronously transmit packets between devices over multiple clock cycles.

As illustrated in Figure 2a, both the reset signal (XRST#) and clock
signal (XCLK) arrive 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 illustrative 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
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since it knows the timing relationship between the XRST# deassertion and the first
data strobe.

The system and timing relationships can be defined in a variety of ways,
However, in the present embodiment the rising clock edge that samples XRST#
deassertion is referred to the odd cycle and the 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
cmbodiment 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 Jaunched 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 -



the different signals used in the present enbodi nent. |, . In one -
enbodi nent, the bus is a 16 bit w de data bus, which carries commands,

addr esses, ¥R%1388 transaction ID information. In additi onPCHUBARKRt i onal
bits carry mask and other information for the data fields. In one

enbodi nent, the function of the two additional bits varies according to the
clock cycle. For exanple, the fields provide byte enables (nmask
information) identifying the bytes consisting of valid information and may
alternately carry a command type or paritg. The bus is

bi -directional between the sending and receiving devices. In the present

enbodi nent, t hendludedtdrives by h h@g’kﬁivaﬁtﬂ)bEldiéna}ﬁlgN_STB#)". A 38¢H d ARGt tetofONSi st of
a request pacég%ﬁ%ﬂgﬁ%ﬂg eté&ggggégghﬁ@gg request packet initiates a
transaction.. et | eturn data, indicate that a
transaction has conReftreidg agaih keFigasd 4,1 sadiplidg viuteplexvn d20 sahpleat e buf fer
classi1iod ae Anies MEGBUR i TR il ot FShpiton b BESRE Wt a1
command addr essnitiated ¢irea biveshefip r Theanultiplex arti2bliesynelardsized uthe raget sﬁg‘n@{] mat |t g tnus
o, | enath T or ot B 485t ot S TBLEL B RSt L 0
routing and tr ASpkng Bultipleker428tis symchronizetbtotsampletinitially on the even clock and

the data first arrives on the even, clock as shown in the strobe start up timing

detail, the multiplexor 420 properly samples the odd and 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.

A timing circuit showing the timing of exemplary packet transmissions is
shown in Figure 5. Referring to Figure S, XRST# already has deasserted at
some time prior to T5. The strobes (P_STB#, N_STB#) already are running and
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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 it.

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 drivers

and fed back into the originating device such that the line lengths are compatible

and the reset signal is received by all devices at the same time. The reset signal is

clocked out by a PLL clock which typically is not in phase with the core clock of

the controller device (e.g., device 215, Figure 2). However, the equal length

feedback trace assures that the clock (and the reset signal that is synchronous 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 identificd as the odd clock cycle and the next edge is identified as
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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 simply toggles between even flops and odd
flops. Thus, a process of operation for synchronous bus transmission across
multiple clock cycles in which the sending and receiving devices receive clock
signals at the same frequency is described.

Although not required for operation of the high speed synchronous system
as described above, the effectiveness of the system is further enhanced using the
embedded flow control method and 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 regarding 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

]
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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. Furthermore, device

805 is described herein as a mémory controller. However, it is readily apparent

that device 805 can be a variety of types of devices that coupled to the bus 815.

Similarly, device 810 can be embodied as a variety of devices and is not limited to

a bus bridge.

The memory controller 805 includes request queue tracker logic 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 réquest 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,
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circuit would %Laxsrgspogding queues. Inbound request quene 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 queuc,

In one embodiment, the tracker logic 822 is configured to permit only two
read requests and six write requests in an eight deep queue. This is desirable so
that the one type of request, e.g., write request, does not prevent the queuning of
read requests when the number of requests exceeds the size of a queue. Thus in
the current example, if six write requests are currently queued and the device
wishes to queue a seventh write request, the tracker will not permit it even though
the queue has the 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 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 ot both °
processes, it is preferred that both processes are used concurrently to control flow
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* the inbound tracker 850 indicates that the inbound queue in device 805 has room
for the write request. The same occurs for 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. ‘



P_STB# to capture data valid + set up tine for P data sanple is | ess t’han
or equal towd® er of allocated clock periods (in the

il Iugt ration tvv{)lg%*chk periods). Thus, in the present emogﬁ;(g@‘z#?/l%s% del ay
t hrough the conbi natorial |ogic 435 between the sanpling flop and sanpling
mul ti pl exor nust be included in the set up tinme. Preferably, the turn
around tinme fromreceiving to sending nust increase fromone 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 datalfromcolliding with the trailing
negative data phase receive data. Atimng circuit show ng the
timng of exenpl ary Adatepd05if acamnplstixingrasket & re¢edwed, the rédquesttracker Referring to

e 5 e A OB RRECH T eRofd il sl

7 the sanpl i ngnditativaithat theiregquesthasibesn ipraedssedamphia ne ldngacinehesbhffet, Ahe | ef t

and label ed o5 915 if a request packet is to be sent, at step 920, the request buffer count is
incremented and it is determined whether the count exceeds the predetermined
maximum, step 925. If the count does not exceed the predetermined maximum,
then the receiving buffer in the device has the capacity to receive the request and
the request packet is prepared for transmission and subsequently sent out over the
bus, step 940. If the count exceeds the predetermined maximum, then the
available capacity of the buffer cannot accept the request packet and the request
packet tracker 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 packét is a 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 spacc 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 8, 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.
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through dri vers 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 determinced 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. Otherwise, at step 1001, the request is output to the request buffer and the
corresponding data to the data buffer.

Thus the flow control is embedded into the packet protocol. Illustrative
packets are shown in Figures 10a, 10b and 10c. The flow control mechanism
described refers o the type encoding (TP[1:0]), request command encoding
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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 0 if no data was return. CCOM([4:0] is O 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
onc. 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 queuc. TP[1:0] is 0] to indicate a request with data and
RCOM([4:0] is I to indicate the request is using a write queue slot. The output
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 can no longer be pushed
into the transaction queue Preferably, the requesting device will retry any
additional actions of the this type.

In the present embodiment, data buffer management is handled a little
differently; however, it is contemplated that data buffer management can be
handled the same way as requests. The TP[1:0], RCOM[4:0] and LEN[7:0] 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 completion packet
header are used to deallocate data buffers by the data buffer trackers.
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even clock cycle. Preferably, the systemwaits a predeterm ned nunber of
clock cycles, such as 64 clock cycles, before initiating data transm ssion
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The transm ssion process will now be described with reference to Figure 7.
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request with data and RCOM(4:0] 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 thq 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 and completions leave a transaction queue in the same
order as entered. This is necessary to preserve proper transaction ordering, i.e.,
the order of occurrence on one bus is the same as the order on the receiving bus.
However, a write completion contains no data, hence, no ordering requirement,
Therefore, it is preferred that the completion packet is sent directly to the tracker.

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.
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Certain transactions demand a fixed number of DWORDS to transfer. For
example, a line write command (PCI MWI) must transfer a full line. If a line
consists of 8 DWORDS and less than 8 DWORDS of buffering is available, the
transaction must be retried. A normal write burst, however, 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

"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 queuc 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.
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prevents a packet from being generated and placed in the queues 824, 826.
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logic (e.g., a state machine) toggles between OutQa and OutQb. Starting at

OutQua, 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 pointing. Next, the transaction at the top of OutQb is

attempted. If every outbound transaction completes on first attempt, the outbound

queue pointer keeps toggling with each completed transaction,

If a read transaction at the top of the outbound queue s retried, it is moved
into the corresponding read request queue RRQ (a or b) and the outbound queue
pointer toggles to the other queue. If a write transaction at the top of the outbound
queue is retried, it is preferred 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’



‘both read and wite requests, but the tracker permts only a predeterm ned
maxi mum nunbWo 99f1598@ad requests and a predeterm ned nunber oPcMUBISA9512
requests regardl ess of the nunber of available slots in the queue.

In one enbodi nent, the tracker logic 822 is configured to permt only two
read requests and six wite requests in an eight deep queue. This is
desirable so that the one type of request, e.g., wite request, does not
prevent the queuing of read requests when tjge nunber of requests exceeds
the size of a queue. Thus in the current exanple, if six wite requests are

I d, h nt i,Le request,
the tracker il %%M%r it b iRods P TeleBar et B SRR 390 B IR ) 6
recei ve two nor e fiogygither ¢ (Opmxb@lmhédoamab@mleqdeoc&t ed per read requests).
I'f the queue currentl y,oagg ﬁ'hﬁﬁat‘!ﬁdng ‘ET['{ &ﬁ?e%hﬁ)r@ﬁgn 5@8{595%"30?&?11&%\?&{3 s to

I ssue a read request, the trac
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k 85
queue tracker 85Qhe ibandiiequdt fucacdIRive matémda%ﬂmcﬁ ﬁﬂgﬁfe} axg&ll%gﬁqueue 858

i nbound request

and interface/ coﬂij?eﬁqe d%fﬁj? C ?P‘Q’g@daﬁgﬂﬂ “éé‘g‘iﬁﬁ i lﬁ‘&!‘&"ﬂ #haddsgss 13ty f or med
si ][n lar tot h?t desn::(ddfﬁd lﬂbl@‘bgfsor '8P|5G!(b|ﬁ§ raS 08'90ses Qv | The 'ruébstﬁgé(l:! ?%q\i/lgfl; and
nnorRCL o ot Gk abh RIGHSRAS R B Ropc 2B bR shon o
| nt er f ace/ cont r othelagvat oB®2 hightordke addredsad aiMAQefahd inbour tfhn&ﬁ:lﬁbﬁﬁs&?t Z nfj he
conf i rmat i on packab “aef dieahgh 3oide malbe HERFIM heylin hiteRRie
simplified flow ﬁhléﬁf@crlébq}mdtqu@t;qucmdsust rating the flow control pr ocess
for requests and datay, g GifRded ulfidufi RAQEESER bR%ftiated 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 quene. When the associated write packet is sent over the
F16 bus, the packet header containing the write command and address will be



descri bed separately and flow control can be initiated using either one or '

bot h processes, |t Is preferred that both processes are used concurgently
to control WO §ises PCT/US98/1951

control as shown in Figure 9c. In the present enbodi nent, the tracker
mai ntains a count representative of the data stored in the receiving
buffer. For exanple, tracker 824 maintains a count of requests stored in
gueue 852. Wien the count exceeds a predeterm ned maxi num the tracker
controls the device, e.g. processor 803,20 prohibit the creation of the
packet, and causing the device to continue to retry issuing the request
until space i npilled frpuethe I@cteme=tioy qicue Rhdthe Ivmtédkmmlbbqsmleé flomdherent, a

Fal i 2°Eoﬁf"eﬁ£*?24%%?%’?§taaﬁﬁ%ﬁﬁs"m‘é#@%&e Tohelbs,  REpBREEA Pl T1C° '
ot her nechani som PEBBU#) bepshsi thgcammanglasdtadfiresnintnin@biang the dsedciatedieue.
For D, SRk 8 IS0 TR GpS BrGdo LG et

In dual 32 bit PCI mode an outbound 32 bit PCI read to PCI bus "2’ 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 afrives) it will receive the data from
DRC Data | or DRC Data 2 data queue if the associated inbound read completion
has been popped from the top of the OutQa transaction queue and marked the
inbound read as complete in the inbound delayed read completion tracker.

In 64 bit PCI mode, the two sets of data buffer queues are paired similar to
the transaction queue in 64 bit PCI mode. An inbound write will result in data
being alternately pushed into PW Data | and PW Data 2 data queues. The data’
queues are 32 bits wide (DWord). If data is received 64 bits at a time from a 64 bit



the i hbound tracker 850 indicates that the inbound queue in device 805 has
room for thewWorssnsssoequest. The same occurs for outbound trapehusssmnsiz | f
an i nbound request queue were to accept a transaction for which there is no
roomin the receiving i nbound queue, a deadl ock can occur even though no
packet is sent, until there is roomin the receiving queue. _ _
Referring to Figure 9a, at step 900, the request buffer count maintained by
the tracker is initialized. For exanple, the count may be initialized to
zero. However, the actual value may be sone ot her value such that when the

Correspondi ng. buf FOPAE Sighe Ty SERE PoPIS A RoUng & KRCRRAA P, BeRBtcount i s
initialized to aDWordds pt[shechim]EmPNﬂ Imgzrx1 1 data lqeeutraf[nd ﬂtggfeme]at&d)r@ﬁ?gﬁﬂb@ggﬂgu; Pgr
acker oot STengly b e el BOVTEDS ke Rl bl
buffer may be haddengm§or read from a cpnfiguratiop Lﬁg}gﬁgr or f|I7I2.4 .
are checked 1o det or mTeDREERELSRE N ook Bhcoia e s aedfateainn; <
situation the nasimianfashios. woul d correspond to the size]gI éhf bgf{ﬁ;s
or edoter mned maxi it densreie RicRELBRb dclcipt EyoePh Bh CemBiiing or (ne
buf fer and can b8o¥ corirelénformatiosy alscrpraviteseat dezstane fiold eferred apmrr]eih wsther a
b edet or i neq. magsueten i8Sy on (11D L AR YN SEPRL BRI ol Be Ths
capacity is 8 rebtlddsprefepabliceonéigieblicndaperding eponl thoapplicationp The edvantage is

that the sending device, i.c., 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 packet includes the

transaction ID field which is used to store requesting device data, At step 1110,

the request packet is issued and at step 1115, the receiving device receives the

packet and forms a reply packet, step 1120. The receiving device simply copies

the TID field into the reply packet for subsequent access by the sending device.

Thus, the contents of the TID are not required 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 Jater time by a deferred

reply. The requested data is returned by the deferred reply. Thus, the device and
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At step 905 onpl eti on packet is received, the request t acker
decrenent s Flﬁingflggqsgest buffer count, step 910, as receipt (ﬁCTgsseﬂ?ﬁﬂ%tlon
packet is i ndicative that the request has been processed and is no

| onger in the buffer. At step 915, if a request packet is to be sent,
at step 920, the request buffer count is incremented and it is
determ ned whet her the count exceeds the predeterm ned maxi num step
925. If the count does not exceed the prédeterm ned maxi num then the
receiving buffer in the device has the capacity to receive the request and

the request padkasactien D efthe exld teguesterdnputiigs il TIDTRIG Wﬁ&ﬂﬂh@@éxh et%ﬁxnt out

over the exce
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request pac ket canpletion packgu é¥hen the cormaietkntrcame&dqetopmfﬂ\eanbmnﬂIﬂa]uéﬁquest
acket from bei th tr ssion

Br ocess at the ﬁl T gt@feﬁgdg@f?%goe?’g %mggfo ﬁy gThe deferred Teply | t

shoul d be not ecﬁopﬁathcltpglgleaom'ﬁm intatbe dcﬁchecdrep]ytvbhareeﬁ p;eu;sed focadtiess the

L 33521 3)8'_ N Ofprb@EP ftlat MAGIER R Jrighil) foal! ' St device (e.g., device 805,

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.



- However,  the sane .process is perfornmed when the sane device is to send a
-~ conpl etion Repgk§Hisegts the packets are buffered in the sane bylfRised/fsth .

i nbound 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 simlar process is perforned to control flow control with respect to
" data contained in the packet. A request pazéket is a determ ned size which
fits in a predet erm ned anount of space. However, the anount of data
is variable. ThULAIMS for data buffers, a |l ength field in the packet is
accessed to det erm newhhds alamiedts: of buf fer space needed. A simlar
process is then performed to determ ne when data to be queued woul d
cause the capacity of the data queue to be exceeded. The tracker wll
not allow the capacity. of Ahetddiféer dynhbiRhlly enbing deviecdi®din aas raxoide,

if a device on the bus &%0 vvan%.s to wite 16 DWORDS (16x4 bytes), but the
tracker indicat cCTPEIENTRS: 8, the control logic 882 will only accept
ei ght DWORDS. Thefideddvice gémmpitingacesuestaomphicing a pludddy ofS¢ldg ietlnging wri t e

for the r enpj N %a I { ndi s roomfor them

Al ternately, @&é&%ﬁ'}?o F%BS? @aghémé\%?qgt%eﬁggéﬂf} ur ieégfiag‘lﬂch that the logic
Wi ll not allowthe said fifstrdeviee issvingthesequicettte agedopd devitd; dat a can be pl aced
in the queue. said second device generating a reply comprising a plurality of fields;

~O

said second device copying the data received in the device configurable
field into a designated field of the plurality of fields of the reply;
said second device issuing the reply to the first device.

2. The method as set forth in claim 1, wherein the designated field is
located at a location in the reply that comresponds to a field location of the device
configurable field of the request.

3. The method as set forth in claim 1, wherein the device configurable
field is used by the first device to store an transaction identification of the
transaction issued by the first device.

4. The method as set forth in claim 3, further comprising the step of
the first device reading the designated field to determine the identification of the
request the reply corresponds to. |

5. A bus system comprising:

a bus

a first device coupled to the bus, said first device configured to issue a
request comprising a device configurable field comprising device configurable
data;

-

‘) 0



13 Referring to Figure 9b, the data buffer count is initialized,
step 950. If_a conpletion packet is received, step 955, the data buffer
count is decW@rﬁ?ﬂrggﬂ, step 960, by the length (LEN) val ue stRTEP%BHthe
conpl eti on packet. By using the LEN value, accurately buffer tracking
relevant to the buffer capacities can be perforned. It should be noted that
the LEN value is the sane length as is found in the outgoing informtion.
At step 965, if a request is to be sent, the LEN value is determ ned, and
the data buffer count is incremented by an 2nount corresponding to the LEN.
At step 970, if the anbunt of data of the packet plus the current anmount of
data in the buffer wilaseeondalevice bmpledpathictbys afd dohfigired foaeceitethe daudsce i s

prohi bited from cgabd H l, ACL: ] uffer.
The devi ce subse Sentw;gevi %\ﬁcﬁg‘ﬁﬁra‘ggget%ﬁ%P&fg?gﬁgg%%?%&@&‘{bﬁg&aﬁuffer
can accept the arBufePldP hefrst dsvickhe 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
requesti ng devi ce subsequently issues requests, and retries if necessary,

for the bal ance of the.dat &hebhs sys@mbusfskforth @ldlhin/', WheRi thBdediaradRsh at

Ebfe ]P er995 the pac lig fOCilllgd I\t%rl(q(%gor? };1 t}lgl %p[y%ﬂé{%g}résggngetg Ia 1§1d gccilltlgtll gfctgg dév?cct he
configurable field of the request.

7. The bus system as set forth in claim 5, wherein the device
configurable field is used by the first device to store an transaction identification of
the transaction issued by the first device.

8. The bus system as set forth in claim 7, further comprising the step
of the first device reading the designated field to determine the identification of the
request the reply corresponds to.

9. A bus cqmprising a plurality of bus lines configured to convey
device configurable data from a first device to a second device during transmission
of a request and further configured to convey the device configurable data from the
second device to the first device during transmission of a reply to the request.

10.  The bus as set forth in claim 9, wherein the device configurable
data comprises a transaction identification.

(T



As nofed earlier, it is preferable that the flow control process takes into
account avaiWaBpEsIequest buffer space and avail abl e data bufdrasssspestz. | f
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 determned if a conpletion packet is received and if one is received,
at step 997, the request buffer count is decrenented by an anount
corresponding to one request and the data buffer count is decrenented by an
anount corresponding to the LEN val uel/2& step 998, if a request is
received, it is determ ned whether there is avail able buffer space in the
request buffer and the data buffer. As the anount of data can vary, it is
possi bl e 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. Oherw se, at step 1001, the request
is output to the request byffer and the corresponding data to the data
buffer. Thus the flow control is enbedded into the packet protocol
Illustrative packets are shown in Figures 10a, 10b and 10c. The fl ow
control nechani sm described refers to the type encoding (TP[1:0]), request
comand encodi ng WO 99&%5980
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14 (RCOM 4:0]), conmpletion command encodi ng (CCOM 4.0]) and | ength
(LEN 7:0]) fiwbosseéo ch are found in the request packets (Fi @Crasifiwsizand
conpl eti on packets (Figure 1Cb). Preferably wites and reads are controlled
separately by the tracker such that different maxi mum count val ues can be
used for wite requests and read requests. For exanpl e,
when a read request is pushed into the nenory controllers out bound
transaction queue, TP[1:0] is 002f20indicate a request with no data and
RCOM4:0] is Oto indicate that the request is to use a read queue sl ot,
The packet is formed and placed in the queue and the outbound read
queue tracker therefore is decrenented by one. \Wen the conpletion
packet corresponding to the read request is sent back by the PXB,
TP[1:0] is [1:x], where x is | if the data returned and 0 if no data
was return. CCOM4:0] is O to indicat& his is a conpletion for a read
request. The out bound read queue trac 20 therefore increnents the count by

one. It follows that when a read co Lon i s popped fromthe nmenory
controller i nbound tr Ion queue, the ound read queue tracker
is incremented by oné. Simlar operations occurN\wWth réspect™ta the

bus bri dge Wen a wite is to be perfor the request i $

pushed intp CONTROLLER' s gound transaction q TP[ 1: 0]PG!s 01 to
indicate alrequedt with | i tre-PEEXPANGER| !
request isfusing a wite BRIDGE | |
X P.STB# | (PXB) l
XN STBH# —> 20 ||
|
CORECLK  LeXADSHXBEIL0, XDI50LXPAR [N M, | !
| watse L INML . !
XBIS# l
¢ ]
__';B PLL < XBSTING 219 XCLK fza |
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FIG. 2A
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‘wite request queue tracker is increnented by 1. Wien the conpletion for a

wite

r epoiewiseges sent back, TP[ 1: 0]

with no dat a.

request .

transacti on queue,
1. As noted above,

is 10 to indicate amgghgﬁﬂ

CCOM4:01 is 1 toindicate a conpletion for a wite
Wien a wite

conpl etion

t he out bound
when a transaction

wite queue tracker

I's popped fromthe

queue tracker

devi ce's i nbound
I's incremented by
decrenents to

CONTROLLER SO THAT THE PXB AND
CONTROLLER SEE XRST # DEASSERT
ON THE SAME CLOCK.

zero, transactions of that type can no | onger be pushed into the
transacti on queue Preferably, the requestlng device will retry any
addi tional actions of the this type. In the present
enbodi me data buffer nm amnmmt is handled o Litilg differontly:
however, lidiciys cqnt e ateq fat a fbuffer man Ncan be hapdl ed
the sane M%?LNSILS pouggdrss 9%?1 ROOM 4. 0] E@E‘F‘ﬂ%ﬁ Z.Ql fieolds .}
in the r enaquumdisdm‘mme;gqesxar e used t & COPY ORTHE CONTROLLER COREIQYOCKe flat a
buf fer trackers. The TE[Wl:0], CCOVGENERATEDRBYLTEAE XCIO PULL @aNds in the
conpl eti ¢n packet headprivere used EXTERRILILONSKEW ELOCKORIVERS by t he
data buffler trackers. DISTRIBUTES A BUFFERED VERSION TO THE
PXB AND BACK INTO THE CONTROLLER TO
THE PLL FEEDBACK. THERE IS ONE OF THESE
FOR EACH BUS.
XCLK EXT. PXB THE BUFFERED VERSION OF THE XCLKOUT
CLK FROM THE EXTERNAL LOW SKEW CLOCK
DRIVER DRIVER SENT TO THE PXB. THERE IS ONE OF
THESE FOR EACH BUS.
XCLK_IN | EXT. CONTROLLER | THE BUFFERED VERSION OF THE XCLKOUT
CLK FROM THE EXTERNAL LOW SKEW CLOCK
DRIVER DRIVER SENT TO THE CONTROLLER FOR THE
XCLK PLL FEEDBACK. THERE IS ONE OF
THESE FOR EACH BUS,
RESET CONTROLLER| PXB SYSTEM RESET GENERATED BY THE
CONTROLLER,
XRAST # CONTROLLER| PX8B PXB RESET GENERATED BY THE CONTROLLER|
THERE IS A SEPARATE ONE FOR EACH PXB.
THE CONTROLLER AND PXB SOURCE
SYNCHRONOQUS DATA STROBES START
RUNNING ON THE FIRST CLOCK AFTER
OBSERVING XRST # DEASSERT.
XRSTIN# | CONTROLLER|CONTROLLER | A COPY OF XRST # FED BACK INTO THE

FIG. 2B

SUBSTITUTE SHEET (RULE 26)
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i ndicate a request with no data and RCOM 0]
using a read queue sl ot.
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SYNCHRONOUS CLOCK STROBE SENT FROM
CONTROLLER TO PXB WITH POSITIVE PHASE
DATA. THIS STROBE CLOCK STARTS RUNNING
ON THE FIRST CLOCK AFTER OBSERVING XRST#
DEASSERT. THE STROBE IS FREE - RUNNING
UNTIL ANOTHER ASSERTION OF XRST#.

PXB

B_N_STB#

CONTROLLER

CONTROLLER NEGATIVE DATA STROBE SOURCE
SYNCHRONOUS CLOCK STROBE SENT FROM
CONTROLLER TO PXB WITH NEGATIVE PHASE
DATA. THIS STROBE CLOCK STARTS RUNNING
ON THE FIRST CLOCK AFTER OBSERVING XRSTINH
DEASSERT. THE STROBE IS FREE - RUNNING
UNTIL ANOTHER ASSERTATION OF XRST#.

PXB

XRST #

PXB

CONTROLLER | pC! EXPANDER REQUEST TO SEND
REQUEST TO USE THE Bi - DIRECTIONAL
BUS SENT FROM PXB TO CONTROLLER

SYNCHRONOUS TO XCLK#.
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order as ent e{v%c; @}i S IS necessary to preserve proper transaction
ordering, i.e., tgﬂ & der of occurrence on one bus is the sanecpysisnesar der
on the receiving bus. However, a wite conpletion contains no data, hence,
no ordering requirenment. Therefore, it is preferred that the conpletion
packet is sent directly to the tracker. When a data buffer tracker
decrenents 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 wll erefore retry any additi onal
transactions of that type. Simlar PE c is used to support wite packets

| ssued by . ﬁdwr'ﬁ'ow
control r96Ha8E ils i BRustraf ed BRATow. Fpr purposel RINTION cussi on, the

exanpl e i ot Tt UTaCCoUTT o e oY m
par anet er BRSEEn 40 Bql Bd to pref CONTROYLER REQUEST TSENDREQUEST TO
16 USE THE BI - DIRECTIONAL BUS SENT

FROM CONTROLLER TO PXB SYNCHRONOUS

TO XCLK..

RADSH ,CONTHO'-LER fONTROU-ER PCI EXPANDER ADDRESS/DATA STROBE

8 " B! - DIRECTIONAL SIGNAL ASSERTED BY THE
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_ADSH IS ASSERTED FOR ONE CLOCK.

XBE(1:0/4 |CONTROLLER | CONTROLLER | PCI EXPANDER BYTE ENABLES Bl -

/ / DIRECTIONAL SIGNALS ASSERTED IN

PX8 PXs PHASE WITHDATAONTHEBUSTO
INDICATE VALID BYTES DURING THE DATA
PHASES OF A PACKET TRANSMISSION.
RESERVED FUNCTION DURING HEADER
PHASES.

FIG. 2D
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In addition, the bel ow exanple and the discussion that follews discusses -
mechani smin the context of a devi ce,pEygddsassif
coupl ed through the high speed bus of the present
expander that transfers the data to 2 32

the fl ow

bit PCl

WO %9/25980 O!
menory controller,

i nvention to a PC

bus bridge
busses or 1 64 bit PCl

bus.

Dat a Buffer Tracker

(Separate Tracker for Transacti ons) Request Wite Wite
Read Data Read Acti on Dat a Transacti Buffer
Transact i racker on Slots Tracker on Slots
Count Count Any Read X X 0
X Retry Bus
Request up to Bri dge 6/20 X 8 >0
DWORDS (BB) Read BB Read
Request up to Mul tiple X , 8 >0
DWORDS Mem Read Partial (1
Request 1 DWORD) X ¢ 1 >0
Mem Read Parti al X X X Q Rau%/
SIGNAL SRC DEST. DEFINITION
XD(15:0)# | CONTROLLER | CONTROLLER | pci EXPANDER DATA BUS BI - DIRECTIONAL
/ / BUS TRANSFERS PACKETS BETWEEN THE
PXB PX8 CONTROLLER AND PXB.
KADS# | CONTROLLER |CONTROLLER | pcj EXPANDER BUS PARITY BI - DIRECTIONAL
/an {vxe 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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I I X X Retry BB Wite

Burst unti | W80 99/15980 8 >0 X PCT/US98/1¥512
DWORDS BB MW Retry
(must (l'i ne=8 have 8
DWORDS DWORDS  of )

< 8 X X X buf fer Mem Wite Partial (1
DWORD) X 0 X X Certain
transactions de gg %&,‘B’!’ ed nunbgy,of DWORDS to tgmmﬂdﬁor exanple, a
line wri co F sfer a full Tine. | i ne consists

)%}@%@@?’@

of 8 DWORDS and buf

|
avallagze,

t he

transactd_a-@' ?n: >4 oul d'gesul t in
a portion th R+ e nde bei ng
retried. For e I on aypul retried
unl ess buffer $ DROS i S q%bg Ee.
As noted aboves . toq ts
for dual 32 bfft SHRet-e—64—brt—opeT ¢ i ng n dual
32 bit node the ' na 'b' sacti on queues operate™ den?‘fy
their respect|\ye bus I ntleraction occurs at the high speed bus
interface whefg @ he set| of queues send or receive on the high
speed bus bet yeen*t he 8
P_STB# 410 (EVEN)
QB
D——D————d>
E
l
D Q
415
Qa8
N
PWR_GD#
(SYNCD)
- —p-
XRSTH
D Q0 Q D Q D Q0 Q D QF
> | > > D> P>
QB QB QB QB Qs Qa8
CORE
CLOCK
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.bridge and the nenory controller. In single 64 bit node the outbound
‘transaction g¥@A¥4598¢t e paired up to appear as a single outbouwarusseussiand

t he i nbound transacti on queues are paired up to appear as a single inbound
transacti on queue. Effectively, the 64 bit PCl bus interface has tw ce the
gqueue depth of each of the dual 32 bit PCl interfaces. Thus, queue tracking
Is configurable to track a pair of inbound/outbound queues as well as a
singl e set of queues. 18
The out bound transaction queues are treated in a simlar manner to the

I nbound transaction queues. |If ans9pzd bound transaction fromthe high speed
bus interface enters the 'a' outbound queue (QutQa), the next outbound
transaction will enter the 'b'" outbound queue (Qut Q) and so forth. At the
bus bridge interface, logic (e.g., a state machine) toggles between Qut Qa
and Qut Q. Starticg At

(R

P28 PN

| N

—d_ A
— <

T39

\i—d@
N
7

.
N N N

T38

v

L I N N Ve B

pe——

d

137
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FIGURE 5: F16 DATA TRANSMISSION DETAIL
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Qut Qa, the first outbound transaction is attenpted on -the bus coupled to -
the bus bri , a PCl bus). If the transaction conpl it _1.S
popped fro Q%J?@sand the conpl etion &aeket i's pushed int o%@ﬁﬁ@ﬂ%ﬁ?@h

i nbound queue the queue point er curr 2y is pointing. Next, the
transaction at the top of attenRted. If every out bound transaction
conpletes on first attenpt, the %Fﬁound queue poi nter keeps toggling with

each conpl eted transacti on. a gead transaction at the top of the
out bound queue is retried, [ h

queue. If a wite t ansac Ton a e put bound queue is retried,

must “suceeed bef or o] than ‘OWAWS Tg PPt o0gi e to the opposite
quZuetsuHowever, bet e(rﬁsg E; th Wi teggt the top oPpt ?le
current queue, any feads Iso pe attenpted. Once the

current outbound wite succeeds |t i s oOooed
conpl etion packet is Inserted I nta I nbound queue. The out bound
gueue pointer will then toggle toYhe opposite queue even if an unconpl eted
read remains in the . I'n summary, thejoutbound queue pointer
toggl es to the opposi \ angaction is popped fromthe
current queue. A ret ?%%qa$¥§%§$%ﬁﬁ@?A%§%iggNun il it succeeds. Aretried
read i s popped from {he outbound queue and pushgd into the RRQ A read in a
RRQ can be attenpted i i rglering requirenents were net
i i gqueue. (Note that outbound
reads in one RRQ reads in the other RRQin a 64 bit PC

node. ) I n t bound transacti is routed fromthe
hi gh speed bus FIRST RlSlNG CLOCK EDGE THAT SAMPLES

RESET SIGNAL {S 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

t he queue and a

62

INITIATE DATA TRANSMISSION ON
CLOCK EDGE OF EVEN CLOCK CYCLE

630
v

OUTPUT REQUEST
| £40

FIG. 6



to €ither outbound queue 'a' or 'b' depending upon the packet's destination
i denti fi catwomy/{®estination D). Miltiplexors select the ndEEI¥bSihd
request or a previously retired read as discussed in the previous section.
Preferably a separate nultiplexor is used for 64 bit PCI node. Wen the bus
bridge initiates a PCl
19 transaction in 64 bit node, a muii/mpl exor selects the conmand and
address bits fromeither outbound queue '"a'" or outbound queue 'b'.
I nbound transactions can address nore than 32 bits so both i nbound queues
support dual address cycle (DAC ECouE 32 bit nmode and 64 bit node. The
I nbound request queues have nabl es for upper and |ower 32
bits of address. In 32 bit noQe owo der address is latched in
address latch 'a' or address Ia c D or PCl bus "a' or '"b'" respectively.
The inbound request queue | atches tfe | ow order address prior to the next
PCl clock in preparatfon for
SIMULTANEOQUSLY LAUNCH STROBE

AND DATA FROM TRANSMITTING

DEVICE TO RECEIVING DEVICE

700

—rl,

DATA AND STROBE RECEIVED AT
RECEIVING DEVICE

v

IS "EVEN CLOCK", DATA CAPTURED BY
"EVEN" FLOPS; IF "0DD” CLOCK DATA
CAPTURED BY “ODD" FLOPS

102

! |

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 0ODD CLOCK

703

FIG.7



the arrival

of the high order address of a DAC.
is a single aggogaspsgycl e transaction,

order address field of the inbound request queues.

t he i nbound transaction can be initiated by either a 32 bit PCl

DAC is required to be asserted on C/ B[ 3: 0]

masters (e.qg..,

t is unknown to the na§Y5§Eat this time if the target
master

resses HRRQGESS0BB.

AC on /B [3:0]

64 bit PCl

@B because i
capabl e or

mast er.
32 bit and 64 bit PC

not .
address bits to zero for adg
FRAME# and t he PXB decodes

I f the inbound transaction
zeros nust be | oaded ipgwUsdMA93IE gh

In 64 bit node,

mast er or
i n packets by

mory controller) addressing above 4

A 64 bit PC

I'S not

requrrea

duri nd93

| f _RE(

is 64 bit
o drive the high order
[ 64# is asserted with

he first address cycle,

it can i medi ately decode the full If C/ B[3:0] does not indicate
DAC, the PXB— or-c-e—t-he—hi-gh -85S E—1-0—3 er-0s—hefare decodi ng
t he address. As not eqg 0 bit i pree red that the ¢lata
buffers exi 4t as separate stjru nsag¢ti on or yequest
queues. The|fdata foy PCl traLnsaCFlﬁ%ccsé,?@%a%ﬁeddé@mm separ at { ueue
structure frfom the fransactiomgueues T oougue structure i $
referred tojas the Hdata bufferq or thg s liSepar ape—gted 8
needed for data [pecausq The trgnsactrpn | etions| ip EM@Atr?ns iton
queues do nqgt al REQUEGHt r ptiree- e r é it [t hpyQUlerigd
transacti on {queueQUEBDr exaéﬁ&% n$ pab SRAGKER
transactiong in [TR&CKERE d P a_ég%mgads get refir in
the order that the PCl jnas E 1 chiis not
necessarily |t he sane or|der t pr ead ¢ata werpg
recei ved. | R2ugl 32—bHisE— h I PCl V83te
transaction{enters , the i?ta t hatff ol | ows| t he adffress and compand on
the PCl bus{will enter the
AN
715
INBOUND
Nv/
OuT- IN-
REQUEST OuT- IN- DATA
quege | | AOVNOt LBOUND | aouno| [souno| | quEse
TRACKER DATA DATA TRACKER
QUEUE QUEUE QUEUE| | QUEUE
752 754
750 756 758 760
=
INTERFACE/CONTROL LOGIC
78_2] . no
y Y

0

PCI BUS

720
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PWData 1 i nbound -data queue. Wen the associated wite packet is sent over
the F16 bus,wbbemperket header containing the wite command mUsaskbsess
will be 13/20 20 pulled from
the 1 nQa transaction queue and the wite data will be pulled fromthe PW

Data 1/DRPLY Data 1 inbound dat a quaggéggggemn-e @00i nbound PCl write on

PCl Bus 'b' pushes the command
data that follows on the PCl bug isP
gueue. In dual 32 bit PCl e
bus "a'" is pulled from QutQa or RRQa wh
and a Read Conpletion is pushed into t
The associ ated read data enters the BW¥
gqueue. Wien the Conpl etion packet |z .
header containing the read conpl 21 COMPIENON f

top of the InQa transacji on gquedg arRECEIVED
I’

edund 32 bit PCl read to PCl
n the read succeeds on the PCl bus
2 1 nQa i nbound transacti on queue.

k B8LY Data 1 i nbound data
Cr the F16 bus, the packet

r WO | be pulled fromthe

pECReMeNT . |- 910
. BUFFER CNT

915

REQUEST NO
TO BE SENT
?
920
INCREMENT |
BUFFER CNT

GREATER
THAN

ourrur |
REQUEST

FIG. 9A



the read data wll be pulled fromthe PWData 1/DRPLY-Datal- i nbound data-
gueue. WO 9B/as5980 32 bit PCl port can have two i nbound PClpcrasdsiosiz

out standi ng. An inbound PCl read on PCl port a is pushed into InQa if there
is a slot available in the PXB i nbound queue for a read and there are .

i nbound read data buffers available in the PXB and MOC. At this tine the

i nbound del ayed read conpl etion tracker is |oaded with the conmand and
address fields of the inbound read solff® it can identify the PCI master
requesting the read. ion identifier unique to this inbound
transaction is al so | oaQ O the inbound del ayed read conpl etion tracker
so that the read conpl etlo can be identified when it arrives in the QutQa.
When t he i nbound read gn th 6 bus, a delayed read conpletion
(DRC) packet contaihi I Aj gat Il arrive to the bus bridge over

t he hi gh speed bus. TQ&L% g slfati on header containing the inbound read
identifier will be puShe \%% t{Qa. The read data that follows in the
packet will be pushed I'nto|DR a | data queue or DRC 2 data queue
dependi ng upon which DRC dgta queue was assigned to this inbound read. Wen
the PCI master returns fo 'ts data (it will be continuously retired until
the data arrives) it w %8¢ data from DRC Data | or DRC Data 2
dat a queue |f the assoRf cad conpl eti on has been popped from
t he top -Re : : reh mar ked t he i nbound read as
conplefe in the |nbo--d ¢tion tracker. In 64 bit
PCl node, the two sets ™™ d i

transafti on queue in 64 b PCl node. An ifpbound wite will result in data
being plternately pushed inf@SPWData | and PWData 2 data queues. The data
gueues]are 32 bits wide .(®Word). If data ifs received 64 bits at a'tine

fromal 64 bit DECREMENT DATA %60

BUFFER COUNT BY
LEN VALUE

965

REQUEST
TO BE SENT
?

NO

FIG. 9B

DECREMENTDATA =70
BUFFER COUNT BY
LEN VALUE

975 985

YES,. | DECREMENT
CNT

I 930
—={ RETRY

DATA

BUFFER COUNT

GT MAXIMUM
2

QUTPUT

REQUEST
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21 PC nmaster and t he data queue pointer is pointing at PWData | queue,
the first DWPI1¥8hushed into PwData | data queue and the Ffe¥¥S 1 is
pushed into PWData 2 date queue. Additional DWORDS alternate between the
two i nbound data queues. The DRC data queues and wite data queues
are paired and interleaved in a simlar fashion. The innovative
packet format described above in adgifzoon to enbeddi ng fl ow control
information, also provides at |eagt—ome{ield referred to herein as the
transaction identification (TID) at can be used in a variety of
ways. The field is preferably conNg e, depending upon the appl.ication.
The advantage is that the sending det'ce, I.e., the device issuing a
request packet, can store predetermed data in this field, e.g., a
transaction identifier or other igéntif} 9% control logic of the

RECEIVED
?

997

DECREMENT REQUEST
BUFFER CONTENT AND
DATA BUFFER COUNT

NO >

REQUEST
?

1000
AVAILABLE s
REQUEST BUFFER |,
SPACE AND AVAILABLE RETRY
DATA BUFFER

SPACE
2

1001

OUTPUT REQUEST TO
REQUEST BUFFER
AND DATA TO DATA
BUFFER

FIG. 9C
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preparing the conpletion packet, sinply copies the contents-of the field:
into the cowamusgmn packet for transm ssion back to the inigdbsosgosizng
device. Thus, the configuration can be such that the field contents is
meani ngf ul onIy to the sending device as the receiving device sinply copies
the contents and sends it back. Furthernore, as the packet is not limted
to specific data, the field canidygoused for a variety of purposes.
Furthernore, as the receiving device sinply copies the contents into the

conpl eti on packet, t m T 0qgd. This process is
descri bed generally &0 Fi 1. |At |step 1 105, the sending
device forns a reques fsequs ket{ i pcljdes the transaction
ID field which is us RSt | icq data) At step 1110, the
request packet is iss e (111 rdceifvihg device receives
t he packet and forns T, |stq Thelrefei ving device sinply
copies the TID field} y qack subséquent access by the
sendi ng devi ce. Thus, of] tH ar g nEt fequired to be
interpreted by the re e as 3 e qopy operation is all that
Is required. At step 'y jpag ijncljudiingl t he copied contents
of the TIDfield, is the re Ijng |deYi cg. In the
present enbodi nent, t sed fa ferjred opt bound read
(processor to PCl) tr . deflerr nsgctijonjis a split
transaction where thel redqdi s §qgit Iint 0 iIni tli.all rkad request followed
at a later tinme by a dbﬂeﬁfed riegal ly. {The éﬁedﬁdg&a I's returned by the
deferred reply. Thus, q—devige—and (S %
Eg E A
a wl<cl<c
x c|a|ao

XD9:8]
LEN[7:0}

XD{10]
CA[5:2]

XD[14:12]
ROUTE[3:0)

REQUEST PACKET FO
XD[11]
A[35:24]

XD[15]
DATA[31:24]
DATA[15:8]

LH=1

BE[1:0]
TP(1:0]

RESERVED
BE[3:2]
BE[1:0)

0.x
TID{7:0}
RBE[5:0]
AJ23:6]
RESERVED

CLK
CYCLE
1P
iN
2P
2N
3P
3N

P
4N
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22 transaction | D of the read requester is put into the TID field. Wen
the conpleti SPP4EWE: with the read data is sent, the TID i sSPEBHESEASRomM

t he request packet to the conpletion packet. Wen the conpl etion reaches
the top of the inbound request queu]?/ a deferred reply is sent to the
requesting processor. The deferred @BI y copies the conpletion 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 enbodinent. It is evident that the numerous alternatives,

nodi fications, variations, and uses will be apparent to those skilled in
the art in light of the foregoing description.
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| ocated at a |ocation in the reply that corresponds to a field | ocation of
t he devi ce Mm$yvigesoabl e field of the request. 3. PCT/US#8 9583t hod
as set forth in claiml, wherein the device configurable field is used by
the first device to store an transaction identification of the transaction
I ssued by the first device. 4. . The nethod as set forth in
claim3. further conprising the step -of;d/g first device reading the

designated field tordeteragne the identification of the request the reply
corresponds to. 5. A pus systtem conpri si ng: a bus
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24 a second device coupled to the bus and cenfigured to receive
the request and copy the device configurable data into a ' field
of a replﬁwgﬁﬂu?ékue the reply to the first device. 96§h@ﬂ%®9g The
bus systemas set forth in claimb5, wherein the designated field is | ocated
at a location in the reply that correspgngs to a field location of the
device configurable field of the request. 7. The bus system
as set forth in claimb5, wherein the device configurable field is used by
the first device to store an transaction identification of
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