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PCT/US99/25818   METHOD AND APPARATUS FOR COMMUNICATING TRANSACTION TYPEs
BETWEEN                             HUBS IN A COMPUTER SYSTEM
FIELD OF THE INVENTION          The present invention pertains to the field
of computer systems. More   particularly, this invention pertains to the
field of communicating between devices in a   computer system.
BACKGROUND OF THE INVENTION  Prior computer systems typically rely on
standardized busses, such as the    Peripheral Component Interconnect (PCI)
bus, to allow computer system chipset    components to communicate one with
another. For example, a transaction originating at    a processor and
intended for a disk drive might first be delivered to a first chipset
component that serves as an intermediary between the processor bus and a
PCI bus. The    first chipset component would then deliver the transaction
over the PCI bus to a second    system chipset component which would then
deliver the transaction to the disk drive.            Busses such as the
PCI bus also provide for communication with other computer 



system devices such as graphics controllers and network adapters. Because
busses such    as the PCI bus must interface with a variety of component
types, each with varying    requirements, they are not necessarily
optimized for allowing communication between    chipset components.
Further, chipset manufacturers who rely on standardized busses    such as
the PCI bus must adhere to bus standards in order to ensure compatibility
with   other components, and are not at liberty to make substantial changes
in how the chipset    components communicate with each other. Another issue
that faces chipset component    manufacturers in designing and
manufacturing chipset components is the need to    conform to standardized
supply and signaling voltages when relying on busses such as    PCI for
communication between chipset components, thereby locking the manufacturers
into certain design practices and manufacturing technologies.        WO
O/6501
PCT/US99/25818        Prior computer systems that rely on standardized
busses such as PCI for communication between chipset components also
typically have no mechanism for  communicating that a particular
transaction is isochronous and should be handled in a  manner that will
ensure an adequate level of quality of service. Deterministic quality of 



service is particularly important for emerging applications that rely on
isochronous  services in the system to move fixed amount of data on a
regular basis. In prior systems,  the notion of isochronous transactions is
contained within subsystems such as USB host  controllers and IEEE 1394
host controllers, and there is no mechanism to extend this  notion up to
the point where transactions are serviced (the main memory subsystem).
SUMMARY OF THE INVENTION         A method and apparatus for communicating
transaction types between hubs in a  computer system is disclosed. The
apparatus includes a data path input/output unit to  output a packet
header. The packet header includes a request/completion field to indicate
whether the packet header is a request packet header or a completion packet
header. The  packet header also includes a read/write field to indicate
whether the packet header is for  a read packet or for a write packet. The
read/write field further indicates whether a  length of data is to follow
the packet header. The packet header further includes a data  length field
to indicate the length of data.  BRIEF DESCRIPTION OF THE DRAWINGS
The invention is illustrated by way of example and not limitation in the
figures of  the accompanying drawings, in which like references indicate
similar elements, and in which:         Figure 1 shows one embodiment of a
computer system including a hub link. 



Figure 2 is a block diagram of one embodiment of two hubs connected by a
hub link including a data path.          Figure 3 is a diagram of one
embodiment of a request packet header including a 32 bit addressing mode.
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PCT/US99/2581S         Figure 4 is a diagram of one embodiment of a request
packet header including a  64 bit addressing mode.        Figure 5 is a
diagram of one embodiment of a request packet header including an  implied
addressing mode.         Figure 6 is a diagram of one embodiment of a
completion packet header.         Figure 7 shows a table of one embodiment
of a completion status encoding  scheme.         Figure 8 is a diagram of
one embodiment of a transaction descriptor routing field portion of a
packet header.         Figure 9 shows a table of one embodiment of a
transaction descriptor attribute 



field encoding scheme.         Figure 10 is a flow chart of one embodiment
of a method for communicating transaction types between hubs in a computer
system.         Figure 11 is a flow chart of one embodiment of a method for
communicating routing and attribute information for a transaction between
hubs in a computer system.                                    DETAILED
DESCRIPTION        One embodiment of an apparatus for communicating
transaction types between  hubs in a computer system includes a data path
input/output unit to output a packet header. The packet header includes a
request/completion field to indicate whether the  packet header is a
request packet header or a completion packet header. The packet  header
also includes a read/write field to indicate whether the packet header is
for a read packet or for a write packet. The read/write field and the
request/completion field further indicate whether a length of data is to
follow the packet header. The packet header further includes a data length
field to indicate the length of data. An intended advantage of the
embodiment is to provide an efficient mechanism for communicating
transaction  information between two chipset components over a hub link. An
additional intended advantage of the embodiment is to provide a packet
header that can be efficiently decoded by the receiving hub.
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Figure 1 shows one embodiment of a computer system 100 including a hub link
150. The system 100 includes a processor 110 coupled to a hub A. The hub A
may include a memory controller, and is coupled to a system memory 140. The
hub A is also coupled to a graphics accelerator 120. The graphics
controller 120 is preferably coupled to the hub A via an accelerated
graphics port (AGP). The hub A is coupled to a hub B via a hub link 150.
The hub B preferably provides an interface to a storage device 170.  The
storage device 170 is preferably a hard disk drive. The hub B also
preferably  provides an interface to a PCI bus 180.         Figure 2 is a
block diagram of one embodiment of the hub link 150 coupling the hub A and
the hub B. The hub link 150 includes a bidirectional data path 151, one or
more data strobes 152, a flow control signal 153, a group of arbitration
signals 154, a system reset signal 155, a clock signal 156, and a voltage
reference signal 157. The data  path is preferably 8 bits wide, although
the data path width may be any width that is a power of 2 and greater than
or equal to 8 bits. Hub A includes a data path input/output unit 135 and
hub B includes a data path input/output unit 165. Both data path
input/output units 135 and 165 interface to the data path 151.        In
general, the hub link 150 is a mechanism for connecting main building
blocks of the core logic of a computer system, such as the system 100, via
a relatively narrow (8  bits in the present embodiment) and relatively high
bandwidth data path 151. Between individual components in a computer
system, such as between hub A and hub B, the connection is implemented in a
point-to-point fashion. Transfers of information across the hub link 150
are accomplished using a packet based protocol. A request packet is
generally used to start a transaction and a completion packet is used to
terminate the transaction. The hub link protocol also provides a
transaction description mechanism to provide deterministic quality of
service. This mechanism, discussed below, provides information used for
routing of hub link traffic as well as identifying the attributes of a
transaction, for example by defining the transaction as isochronous or
asynchronous.    



4         Wo 00116901
PCT/US99/25818        Figure 3 is a diagram of one embodiment of a request
packet header format  including a 32 bit addressing mode. The base portion
of the packet header format 300 is one doubleword in length (one word
equals 16 bits). An additional doubleword is  required for 32 bit
addressing mode, as shown in Figure 3. Preferably, the least  significant
byte (bits 0 through 7) is transferred across the data path 151 first. The
various fields of the packet header 300 are described as follows. In the
following  descriptions of the various packet fields, specific bits
settings or encodings are discussed.  These represent preferred encoding
schemes. Other encoding schemes are possible.         The
request/completion field (rq/cp) at bit 31 of the first doubleword
indicates  whether a packet is a request packet or a completion packet.
Preferably, a "0" indicates a  request packet and a "I" indicates a
completion packet. Because the packer header 300  is a request packet
header, this field should be set to "0".         The read/write field (r/w)
at bit 30 of the first doubleword indicates whether a  



packet is a read or a write transaction. The read/write field also
indicates, along with the request/completion field, whether data will be
included in the packet. For example, if the packet is a request and if a
write is indicated, data will be included in the packet. Further, if the
packet is a completion packet and if a read is indicated, data will be
included in the packet. An indication of a request packet and an indication
of a read signifies that no data will be included in the packet. Likewise,
an indication of a  completion packet and a write signifies that no data
will be included in the packet. Preferably, a read transaction is indicated
by a "0", and a write transaction is indicated by a "1".          The
completion required field (cr) at bit 29 of the first doubleword of the
request packet 300 indicates whether the initiator of the packet requires a
response to the request packet. Preferably, a completion required is
indicated by a "1" and a no completion required is indicated by a "0". A
write request packet header with the completion required bit set is issued
when the initiator of the packet requires positive confirmation  that the
request has completed. The completion for the write should preferably not
be                                               5        WO oo026801
PCT/US9925818S returned until the write has reached its final destination.
Memory, I/O, and configuration  read requests preferably should always set
the completion required bit. The completion  required bit preferably should
be respected by the target for all requests, including  



special cycles.         The address format (af) field located at bit 28 of
the first doubleword indicates whether the addressing format is either
implied or express (32 or 64 bit addressing). For  the embodiment shown in
Figure 3, the af bit would be set to "1" to indicate express  addressing.
For implied addressing, the af bit should be set to "0".         The lock
(1k) field located at bit 27 of the first double word indicates whether or
not the current packet is part of a locked sequence. All requests and
completions in a locked sequence should have this bit set to "1". Agents
that do not comprehend lock should ignore this field and should always fill
this field with a "0".         The transaction descriptor routing field
located at bits 27 through 21 of the first double word will be discussed
below in connection with Figure 8.         Bits 20 and 19 are reserved for
this embodiment.    The transaction descriptor attribute field (T.D. Attr.)
located at bits 18 through 16 of the first doubleword will be discussed
below in connection with Figure 9.         The space field located at bits
15 and 14 of the first doubleword indicate whether the packet has as a
destination memory space ("00"), I/O space ("01"), configuration space
("10"), or special cycles ("11").         The data length field located at
bits 13 through 8 indicate the length of data (if any) to follow the
packet. The data length is preferably given in doublewords, encoded such
that the number of doublewords represented is one plus this number. Thus,
"000000" represents one doubleword.         The last doubleword byte enable
field (Last DW BE) located at bits 7 through 4 of the first doubleword
indicates the byte enables for the last doubleword of data of any read or
write request. The byte enables are active low ("0"). If there is only one
doubleword of data for a request, this field must be inactive ("1111"). The
byte enables                                              6 



WO 00/26801
PCT/US99I25818 may be discontiguous (e.g., "0101"). Byte enables are not
meaningful for special cycles, and therefore the Last DW BE field overlaps
the special cycle encoding field.        The first doubleword byte enable
field (1[err] DW BE) located at bits 3 through 0 of  the first doubleword
indicates the byte enables for the first doubleword of data of any read or
write request to memory, I/O, or configuration spaces. The byte enables are
active low ("0"). If there is only one doubleword of data for a request,
this field  preferably should be used. The byte enables may be
discontiguous (e.g., "0101"). Byte  enables are not meaningful for special
cycles, and therefore the Last DW BE field overlaps the special cycle
encoding field.         The special cycle encoding field located at bits 7
through 0 of the first doubleword encodes a special cycle type. This field
overlaps the first and last  doubleword byte enable fields.         The
address[31:2] field located at bits 31 through 2 of the second doubleword
indicates the entire address for 32 bit express addressing mode and
provides the lower portion of an address for 64 bit express addressing
mode.         The extended address field (ea) located at bit 0 of the
second doubleword  indicates 32 bit addressing ("0") or 64 bit addressing
("1"). This field is valid only for  memory or special cycle requests only.
This field is overlapped with the configuration   type (ct) field.
The ct field located at bit 0 of the second doubleword is valid for
configuration 



cycles only. This field indicates a type "0" configuration cycle if set to
"0" and indicates  a type "1" configuration cycle if set to "1". These
configuration cycle types preferably  correspond to PCl configuration cycle
types.         Figure 4 is a diagram of one embodiment of a request packet
header 400 including a 64 bit addressing mode. The fields for packet header
400 are identical to the fields shown in Figure 3 with the addition of an
address[63:32] field. The address[63:42] field contains the upper address
bits for 64 bit addressing mode. For this mode the ea
7        WO O026801
PCT/US99/2s818  field is be set to "1". The address[63:32] field is
included only for 64 bit addressing  mode.          Figure 5 is a diagram
of one embodiment of a request packet header 500 including an implied
addressing mode. The fields for packet header 500 are identical to  the
fields shown in Figure 3 with the exception of the absence of the second
doubleword.  The implied addressing mode is preferably applied to special
cycles which do not include  an address. The implied addressing mode may
also be used for situations where the  address can be discerned by context.
When the implied mode is used, no address is sent with the request packet.
The af field is set to "0" for implied addressing mode. 



Figure 6 is a diagram of one embodiment of a completion packet header 600.
The various fields are identical to those shown in connection with Figure
5, with the  exception of the absence of the completion required field, the
address format field, and  the space field. The byte enable fields and the
special cycle field are replaced with a completion status field. The
completion status field is preferably loaded with a value from the
completion status encoding table shown in Figure 7.         Completions for
memory reads may provide less than the full amount of data requested so
long as the entire request is eventually completed. Likewise, completions
for memory writes may indicate that less than the entire request has been
completed. This might be done to satisfy hub link interface latency
requirements for a particular  platform or to allow tradeoffs with respect
to return data buffer size. If a memory read or write request has multiple
completions, the completions may have different status. This may occur, for
example, when an access crosses a device decoding boundary. Memory read
completions preferably should contain at least one doubleword of data. The
total amount of data provided for all completions corresponding to a single
request must equal exactly the amount of data specified in the original
request. For packets returning the  "master abort" status, all data
requested preferably should return all "l"s.          Figure 7 shows a
table of one embodiment of a completion status encoding scheme. For cycles
targeting a device on a PCI bus, such as the PCI bus 180 shown in
8         



WO 00/6801
PCT/US99/25818 Figure 1, the completion status should represent the actual
termination for the cycle, except for special cycles, which preferably
should report a "successful completion"  status. For hub link native
devices, completion status is preferably determined by the  type of
completion which would occur for the cycle if the device were implemented
on a  PCI bus. For example, if a hub link agent receives a request not
targeting it, the  completion status must be "master abort." This
corresponds to how the cycle would have  terminated on PCI. Likewise, the
"target abort" completion status indicates that the  targeted device was
able to decode the cycle but is permanently unable to respond, and must
only be used by an agent with a severe internal problem.          The
implication of a "successful completion" status for a completion is that
the  request (or the portion indicated in the data length) was completed
successfully at the final destination. Thus, a bridge will not return a
completion packet for a request when it passes the request through to
another interface, but must wait for a completion packet to arrive on the
other interface which it will then return to the originating interface.
For a request which requires completion, it is preferable for the initiator
to  retain information about the request. Typically this information will
include the size of the packet, lock status, routing information, etc. Some
of this information will be implicit for some initiators. When receiving
the completion(s), the initiator may use the information to match the
completion with the corresponding request. When a request has  multiple
completions, it is preferable for the initiator to accumulate a count of
the data  completed for the original request until the original request is
completed.          Figure 8 is a diagram of one embodiment of a
transaction descriptor routing field 



portion of a packet header. The routing field for this embodiment is a six
bit field used  for packet routing. Other field widths are possible. Three
bits are used for the Hub ID  which identifies the agent containing the
initiating master for a transaction. For this  embodiment, the total number
of hub link components within a particular hub link   hierarchy is limited
to 8. There may exist multiple hub link hierarchies in a system, in
9        Wo 00/26801
PCTUS99M25818 which case the agent at the top of the hierarchies must be
capable of routing completions back to the correct hierarchy. The-term
"hierarchy" as used herein is defined as a  number of hierarchically
connected hub link segments starting from a hub link "root"  agent which is
typically a memory control hub. The remaining three bits of the routing
field are used to identify internal "pipes" within a hub link agent. For
example, an I/O  control hub component may support internal Universal
Serial Bus (USB) host controller  traffic and bus master IDE (BM-IDE)
controller traffic via separate "pipes" and use this  mechanism to
communicate to the servicing agent (in this example a memory control  hub)
that traffic initiated by different "pipes" does not have an ordering
requirement. If a hub link agent does not implement separate internal
pipes, it preferably should use a  default value of "000" for the Pipe ID.



As mentioned above, the routing field is divided into two 3 bit sub-fields,
the Hub   ID sub-field and the Pipe ID sub-field. The Hub ID sub-field is
used to support routing in   a multiple hub link system (i.e. in the system
that comprises of more than 2 hub link  agents). Transactions coming from
different hub link agents (and hence, with different  Hub IDs) preferably
should have no ordering requirements with respect to each other.  Use of
Hub ID is optional for the hub link-based systems that do not support more
than   two hub link components and for particular hub link components that
are not designed as   a hub link building blocks that can be used in larger
configurations. Components that do   not use Hub ID information must drive
all "0"s as initiators of packets and ignore this  field as targets (i.e.
assume all "0" in this bit filed).          The Pipe ID sub-field may be
used to differentiate transactions only if the  transactions have no
ordering requirements with respect to each other. In other words,  they are
sourced from different internal pipes that carry un-ordered traffic.
Otherwise, a   default value of all "0"s must be used for this field.
Components that do not use Pipe ID  info preferably should drive all "0"s
as transaction initiators and ignore this field as  targets (i.e. assume
all "0" in this field).                                               10
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Figure 9 shows a table of one embodiment of a transaction descriptor
attribute  field encoding scheme. The attribute field is preferably a three
bit value which specifies  how a transaction is to be handled when it is
received by a target hub link agent, for  example whether the transaction
is to be handled asynchronously or isochronously. The  attribute field
supports demanding application workloads which rely on the movement  and
processing of data with specific quality of service requirements or other
differentiating characteristics. In addition, recently developed external
busses such as  IEEE 1394 and USB enable the isochronous movement of data
between devices. These  guarantees must be maintained as data flows through
the computer system chipset  between 1/O devices and memory.          While
the attribute field is sufficiently large to specify the range of traffic
differentiating options available with current chipsets using a one-to-one
bit encoding, it   may be insufficient to directly describe the range of
options which platforms may need to   support in the future. Therefore, the
attribute field may be used as an index into an   attribute mechanism
table. This indirection provides a translation between an attribute
specification and the actual chipset mechanisms used to implement it.
Future attributes that may be supported by the attribute field may include
the   ability to differentiate between "snooped" traffic where cache
coherency is enforced by 



hardware (i.e. chipset) and "non-snooped" traffic that relies on software
mechanisms to   ensure data coherency in the system. Another possible
attribute may be an "explicitly   prefetchable" attribute to support a form
of read-caching and to allow for more efficient   use of the main memory
bandwidth.          One important aspect of the transaction description
routing and attribute fields in  request and completion packets is the
mechanism for carrying attributes of transactions   from origination point
to the point of service and back. This is important for providing an
overall solution for deterministic quality of service.        WO 00126801
PCTIUS99IZ5S81         Figure 10 is a flow chart of one embodiment of a
method for communicating transaction types between hubs in a computer
system. At step 1010, a packet header is output from a sending agent to a
data path. The packet header includes a  request/completion field to
indicate whether the packet header is a request packet header or a
completion packet header and a read/write field to indicate whether the
packet  header is for a read packet or for a write packet. The read/write
field further indicates  whether a length of data is to follow the packet
header. The packet header also includes a data length field to indicate the
length of data. At step 1020 the packet header is received at a receiving
agent. 



Figure 11 is a flow chart of one embodiment of a method for communicating
routing and attribute information for a transaction between hubs in a
computer system.  At step 1110, a transaction descriptor routing field is
output. The transaction descriptor routing field identifies an initiating
agent that initiated the transaction. The transaction descriptor routing
field includes a hub identification portion and a pipe identification
portion. The hub identification portion identifies a hub that contains the
initiating agent, and the pipe identification portion further identifies
the initiating agent within the  identified hub if the transaction has no
ordering requirements with respect to a second agent in the identified hub.
At step 1120, a transaction descriptor attribute field is output.
In the foregoing specification the invention has been described with
reference to  specific exemplary embodiments thereof. It will, however, be
evident that various  modifications and changes may be made thereto without
departing from the broader  spirit and scope of the invention as set forth
in the appended claims. The specification  and drawings are, accordingly,
to be regarded in an illustrative rather than a restrictive  sense.
12        WO 00/26801
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CLAIMS  What is claimed is: 1. An apparatus, comprising:          a data
path input/output unit to output a packet header, the packet header
including                 a request/completion field to indicate whether
the packet header is a                        request packet header or a
completion packet header;                a read/write field to indicate
whether the packet header is for a read          packet
or for a write packet, the read/write field further to indicate
whether a length of data is to follow the packet header; and
a data length field to indicate the length of data.          2. The
apparatus of claim 1, wherein the packet header further includes a lock
field to indicate that a current packet is part of a locked sequence.
3. The apparatus of claim 2, wherein the packet header further includes a
transaction descriptor routing field and a transaction descriptor attribute
field.         4. The apparatus of claim 3, wherein the request/completion
field indicates a request header, the request header including a completion
required field.         5. The apparatus of claim 4, wherein the request
header further includes an  address format field.        6. The apparatus
of claim 5, wherein the request header further includes a space field to
indicate a destination space type. 



7. The apparatus of claim 3, wherein the request/completion field indicates
a completion, the completion header including a completion status field.
8. A system, comprising:                                                13
WO 0026801
PCT/US99/25818 a sending agent including a sending agent data path
input/output unit to output a  packet header, the packet header including
a request/completion field to indicate whether the packet header is a
request packet header or a completion packet header,                 a
read/write field to indicate whether the packet header is for a read
packet                        or for a write packet, the read/write field
further to indicate                        whether a length of data is to
follow the packet header, and                a data length field to
indicate the length of data;  



a receiving agent including a receiving unit data path input/output unit to
receive  a the packet header; and          a data path coupled to the
sending unit and the receiving unit.           9. The system of claim 8,
wherein the packet header further includes a lock field   to indicate that
a current packet is part of a locked sequence.         10. The apparatus of
claim 9, wherein the packet header further includes a  transaction
descriptor routing field and a transaction descriptor attribute field.
11. The apparatus of claim 10, wherein the request/completion field
indicates a  request header, the request header including a completion
required field.         12. The apparatus of claim 11, wherein the request
header further includes an              address format field.         13.
The apparatus of claim 12, wherein the request header further includes a
space field to indicate a destination space type.         14. The apparatus
of claim 9, wherein the request/completion field indicates a   completion,
the completion header including a completion status field.         15. A
method, comprising:          outputting a packet header from a sending
agent to a data path, wherein   outputting
14      
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PCT/US99/25816                the packet header includes
outputting a request/completion field to indicate whether the
packet header is a request packet header or a completion
packet header,                         outputting a read/write field to
indicate whether the packet header                                is for a
read packet or for a write packet, the read/write
field further to indicate whether a length of data is to
follow                                the packet header, and
outputting a data length field to indicate the length of data; and
receiving the packet header at a receiving agent.             
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