Exhibit 596-17

Invalidity of the °596 Patent by Van Loo ’485 and Other Prior Art

The asserted claims of U.S. Patent No. 8,924,596 are anticipated and/or rendered obvious in view of US5907485A (“Van Loo ’485) alone or in
combination with knowledge of one of skill in the art or other prior art.

This claim chart is based on Defendants’ present understanding of the asserted claims, Plaintiffs’ vague and overbroad infringement contentions (and
corresponding, implicit claim constructions), and Defendants’ investigation to date. Defendants are not adopting Plaintiffs’ apparent constructions,
nor are Defendants admitting to the correctness of any particular construction. Defendants reserve all rights to amend this invalidity claim chart in
light of any claim construction developments or any amendments to Plaintiffs’ infringement contentions. Further, as discovery is ongoing and
Defendants continue to seek discovery from third parties regarding the references identified in Defendants’ invalidity contentions as well as other
potential prior art, Defendants reserve the right to amend or supplement this claim chart in connection with Defendants’ continuing investigation. At
a minimum, Defendants intend to revise these invalidity contentions as appropriate based on discovery from third parties as discovery progresses.

The claim chart below identifies where each limitation of each asserted claim of the 596 patent can be found in Van Loo ’485. This analysis is
based on Plaintiff’s interpretation of the claims as indicated in their Infringement Contentions. The citations provided below are exemplary, rather
than exhaustive, and Defendants reserve the right to rely upon any other portion of the cited references.

Claim Language Exemplary Evidence of Anticipation and/or Obviousness

[1pre] A system for dividing and To the extent the preamble is considered a claim limitation, Van Loo ’485 teaches “[a] system for dividing
synchronizing a processing task and synchronizing a processing task across a plurality of processing elements,” including at least the
across a plurality of processing following exemplary citations.

clements comprising: For example, Van Loo ’485 teaches a system for dividing and synchronizing processing tasks by disclosing,

as non-limiting examples, master devices, slave devices, system controllers, instruction and output queues
that coordinate, divide, and synchronize transaction requests. See, e.g.:

“This invention describes a link-by-link flow control method for packet-switched uniprocessor and
multiprocessor computer systems that maximizes system resource utilization and throughput, and minimizes
system latency. The computer system comprises one or more master interfaces, one or more slave interfaces,
and an interconnect system controller which provides dedicated transaction request queues for each master
interface and controls the forwarding of transactions to each slave interface. The master interface keeps track
of the number of requests in the dedicated queue in the system controller, and the system controller keeps
track of the number of requests in each slave interface queue. Both the master interface, and system controller
know the maximum capacity of the queue immediately downstream from it, and does not issue more
transaction requests than what the downstream queue can accommodate. An acknowledgment from the
downstream queue indicates to the sender that there is space in it for another transaction. Thus no system
resources are wasted trying to send a request to a queue that is already full.” Van Loo ’485 at Abstract.
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FIG. 1
Van Loo ’485 at Figure 1.
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FIG. 1A
Van Loo ’485 at Figure 1A.
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Van Loo ’485 at Figure 2.
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Van Loo ’485 at Figure 4.
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Van Loo ’485 at Figure 5.
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Van Loo ’485 at Figure 6.

“The present invention employs a method and apparatus for determining the total queue sizes of all the
queues in the system at initialization time, and for permitting a master (e.g. a processor) to send a number of
transaction requests only to the extent of that total. The system of the invention classifies system interconnect
queues as request queues, read-data queues, and write-data queues, and determines rules of transfer of both
requests and data as loosely coupled events. An interconnect (system) controller is connected between one or
more masters (e.g. microprocessors) and the slave devices, which may be I/O units, disk drives, memory, etc.
The interconnect controller includes a queue for each master, and each master includes a transaction counter
indicating the number of outstanding transaction requests from that master to the controller. The interconnect
controller additionally includes both request and write data queues for each downstream slave, and a
transaction counter indicating the number of outstanding requests from the controller to that slave and the
outstanding write data transfers from some master to that slave.” Van Loo ’485 at col. 2, 1. 54 —col. 3, 1. 6.

“FIG. 1 is a top-level block diagram of a computer system 10 incorporating the present invention. This
diagram relates to a specific implementation of applicant's new Ultrasparc Architecture, which is described
fully in the document UPA Interconnect Architecture, by Bill van Loo, Satya Nishtala and Zahir Ebrahim.
Sun Microsystems, Inc.'s internal release version 1.1 of the UPA Interconnect Architecture has been
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submitted as Appendix A to a related patent application by applicant, entitled "Method and Apparatus for
Flow Control in a Packet-Switched Computer System", by Ebrahim et al. That patent application, filed in the
United States Patent Office on Mar. 31, 1995, describes many of the broader features of the UPA architecture,
and is incorporated herein by reference.” Van Loo 485 at col. 4, 11. 12-25.

“The present invention uses a new system interconnect architecture and concomitant new methods for
utilizing the interconnect to control transaction requests and data flow between master devices and slave or
memory devices.

In FIG. 1, the system 10 includes a UPA module 20 and an interconnect network or module 25, which in
different embodiments of the invention may or may not be connected to the data path. The UPA module may
include such devices as a processor 30, a graphics unit 40, and an I/O unit 50. Other units may be included,
and act as the master units for the purposes of the present invention. A master interface is defined as the
interface for any entity initiating transaction requests; examples of such masters are a CPU making memory
requests, or an I/O channel and bridges making DMA requests.” Van Loo *485 at col. 4, 1. 27-41.

“FIG. 1A shows a more generalized block diagram of a system according to the invention. Here, there are
multiple masters (three exemplary masters M1-M3 being shown). These masters may act in certain
circumstances as slaves. For instance, if M1 is a processor and M3 is an I/O controller, then M3 will often act
as a slave to M1, as in the initialization procedure described below. On the other hand, during a DMA (direct
memory access) operation, the I/0O controller M3 will act as a master to a memory device, such as any of one
to many of memories represented as M1 ... M2 in FIG. 1A.” Van Loo ’485 at col. 5, 11. 50-60.

“FIG. 2 illustrates an interconnect module 100 in a specific implementation where two master interfaces (or
"masters") 110 and 120, a single system controller (SC) 130, two slaves interfaces (or "slaves") 140 and 150,
and a datapath crossbar 155 are used. There may in principle any number of masters and slaves. The masters
may be any of the interfaces discussed above, or in general any devices or entities capable of issuing
transaction requests.” Van Loo 485 at col. 6, 11. 24-31.

“6. A method for controlling transaction flow in a computer system including at least one master device, at
least one slave device, and a system interconnect connected between the master and slave devices, the
interconnect comprising a circuit separate from said master device and having at least one interconnect
request queue coupled to each said master device and each said slave device including at least one slave
request queue coupled to said system interconnect, the method including the steps of:

(1) transmitting a first transaction request from a first said master device to a first said system interconnect;
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(2) receiving the first transaction request in a first said interconnect receive queue of said first system
interconnect;

(3) determining a recipient slave device for said first transaction request;

(4) determining whether the recipient slave request queue of the recipient slave device is available to accept
said first transaction request, and if so, forwarding said first transaction request to said recipient slave request
queue;

(5) receiving said first transaction request at said recipient slave request queue;
(6) executing said first transaction request by said recipient slave device;

(7) notifying the system interconnect, by the slave device, that said first transaction request has been
executed.” Van Loo 485 at col. 17, 11. 33-60.

[1a] an input queue implemented
in hardware;

Van Loo 485 teaches “an input queue implemented in hardware,” including at least the following exemplary
citations.

For example, Van Loo ’485 teaches an input queue implemented in hardware, by disclosing, as non-limiting
examples, a slave queue. See, e.g.:

Defendants have proposed a construction that “queue implemented in hardware” means “queue implemented
in physical circuits without software intervention.” The input queue in Van Loo ’485 meets Defendants’
construction because, for example, Van Loo ’485 teaches a hardware implementation of its teachings, which
includes its teachings of queues. See, e.g., Van Loo 485 at 7:50-53 ("The particular implementation of these
logic modules [including the slave receive queues], and the extent to which it is represented by software or
hardware, are widely variable and thus shown only in block form in FIG. 2.”); 10:30-32 (”The logic for the
carrying out of the invention is provided by hardware/firmware logic of the SC ASIC and the master and
slave interfaces, and by program instructions stored in memory 85 of the system, as shown in FIG. 1.”).

“This invention describes a link-by-link flow control method for packet-switched uniprocessor and
multiprocessor computer systems that maximizes system resource utilization and throughput, and minimizes
system latency. The computer system comprises one or more master interfaces, one or more slave interfaces,
and an interconnect system controller which provides dedicated transaction request queues for each master
interface and controls the forwarding of transactions to each slave interface. The master interface keeps track
of the number of requests in the dedicated queue in the system controller, and the system controller keeps
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track of the number of requests in each slave interface queue. Both the master interface, and system controller
know the maximum capacity of the queue immediately downstream from it, and does not issue more
transaction requests than what the downstream queue can accommodate. An acknowledgment from the
downstream queue indicates to the sender that there is space in it for another transaction. Thus no system
resources are wasted trying to send a request to a queue that is already full.” Van Loo ’485 at Abstract.
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Van Loo ’485 at Figure 4.
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Van Loo ’485 at Figure 5.
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Van Loo ’485 at Figure 6.

“The present invention employs a method and apparatus for determining the total queue sizes of all the
queues in the system at initialization time, and for permitting a master (e.g. a processor) to send a number of
transaction requests only to the extent of that total. The system of the invention classifies system interconnect
queues as request queues, read-data queues, and write-data queues, and determines rules of transfer of both
requests and data as loosely coupled events. An interconnect (system) controller is connected between one or
more masters (e.g. microprocessors) and the slave devices, which may be I/O units, disk drives, memory, etc.
The interconnect controller includes a queue for each master, and each master includes a transaction counter
indicating the number of outstanding transaction requests from that master to the controller. The interconnect
controller additionally includes both request and write data queues for each downstream slave, and a
transaction counter indicating the number of outstanding requests from the controller to that slave and the
outstanding write data transfers from some master to that slave.” Van Loo ’485 at col. 2, 1. 54 —col. 3, 1. 6.

“Each slave 140 and 150 includes a slave queue (160 and 170, respectively) for receiving transaction
requests. The maximum sizes of these slave queues are represented by values in port ID registers 180 and
190, respectively.” Van Loo ’485 at col. 6, 11. 32-35.
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“Masters 110 and 120 include data queues or buffers 115 and 125, and slaves 140 and 150 include data
queues or buffers 185 and 195, whose functions are described in detail relative to FIGS. 6 and 7 below. The
maximum sizes of the slave write data queues 185 and 195 are also represented by values in port ID registers
180 and 190, respectively. In the special case where there is a one-to-one correspondence to a request queue
entry (e.g. 100) and a data buffer in the write data queue (e.g. 185), with the write data queue being
maximally dimensioned to hold an entire packet (i.e. dimensioned such that it can hold the largest
contemplated packet size), then the queue size in 180 can be represented by a single number.” Van Loo 485
at col. 6, 11. 36-48.

“Many combinations of standard hardware and software are possible to execute these functions in the system
controller; and the same is true of the functions carried out in the slave devices (see slave logic modules 142
and 152) and the master devices (see master logic modules 112 and 122). Here, the logic modules represent
all of the circuitry, programming, memory and intelligence necessary to carry out the functions of the
invention as described; assembling the hardware and software to do so is a matter of routine to one skilled in
the art, given the teaching of this invention. (Where a master device is a processor, the logic for implementing
the present invention can of course be made up in large part of the processor itself and the instructions it
executes.) The particular implementation of these logic modules, and the extent to which it is represented by
software or hardware, are widely variable and thus shown only in block form in FIG. 2.” Van Loo 485 at col.
7, 11. 38-54.

“Any master can request transactions to any slave via the SC, for any selected number of master and slaves.
The SC will typically be an ASIC configured for a given system with a predetermined maximum number of
master and slave interfaces. Since it is a relatively simple and inexpensive ASIC (by comparison with the
system as a whole), it provides great flexibility and economy by allowing designers to easily configure
different SC's at low cost for different systems, each one tailored to the specific needs of that system.” Van
Loo ’485 at col. 10, 11. 21-30.

“The logic for the carrying out of the invention is provided by hardware/firmware logic of the SC ASIC and

the master and slave interfaces, and by program instructions stored in memory 85 of the system, as shown in
FIG. 1. Alternative embodiments may implement the logic in other fashions, e.g. by providing memories and
general purpose processors to carry out any of the steps executed by the master interfaces, system controller

and slave interfaces of the preferred embodiment of this invention.” Van Loo ’485 at col. 10, 1. 31-39.

“6. A method for controlling transaction flow in a computer system including at least one master device, at
least one slave device, and a system interconnect connected between the master and slave devices, the
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interconnect comprising a circuit separate from said master device and having at least one interconnect
request queue coupled to each said master device and each said slave device including at least one slave
request queue coupled to said system interconnect, the method including the steps of:

(1) transmitting a first transaction request from a first said master device to a first said system interconnect;

(2) receiving the first transaction request in a first said interconnect receive queue of said first system
interconnect;

(3) determining a recipient slave device for said first transaction request;

(4) determining whether the recipient slave request queue of the recipient slave device is available to accept
said first transaction request, and if so, forwarding said first transaction request to said recipient slave request
queue;

(5) receiving said first transaction request at said recipient slave request queue;
(6) executing said first transaction request by said recipient slave device;

(7) notifying the system interconnect, by the slave device, that said first transaction request has been
executed.” Van Loo 485 at col. 17, 11. 33-60.

[1b] an output queue implemented | Van Loo ’485 teaches “an output queue implemented in hardware,” including at least the following
in hardware; exemplary citations.

For example, Van Loo ’485 teaches an output queue implemented in hardware, by disclosing, as non-limiting
examples, a master transaction request output queue or a system controller output queues. See, e.g..

Defendants have proposed a construction that “queue implemented in hardware” means “queue implemented
in physical circuits without software intervention.” The output queue in Van Loo ’485 meets Defendants’
construction because, for example, Van Loo ’485 teaches a hardware implementation of its teachings, which
includes its teachings of queues. See, e.g., Van Loo 485 at 7:50-53 (”The particular implementation of these
logic modules [including the master transaction request output queues and system controller output queues],
and the extent to which it is represented by software or hardware, are widely variable and thus shown only in
block form in FIG. 2.”); 10:30-32 (”The logic for the carrying out of the invention is provided by
hardware/firmware logic of the SC ASIC and the master and slave interfaces, and by program instructions
stored in memory 85 of the system, as shown in FIG. 1.”).
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Van Loo ’485 at Figure 2.
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Van Loo ’485 at Figure 4.
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Van Loo ’485 at Figure 5.
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Van Loo ’485 at Figure 6.

“Masters 110 and 120 include data queues or buffers 115 and 125, and slaves 140 and 150 include data
queues or buffers 185 and 195, whose functions are described in detail relative to FIGS. 6 and 7 below. The
maximum sizes of the slave write data queues 185 and 195 are also represented by values in port ID registers
180 and 190, respectively. In the special case where there is a one-to-one correspondence to a request queue
entry (e.g. 100) and a data buffer in the write data queue (e.g. 185), with the write data queue being
maximally dimensioned to hold an entire packet (i.e. dimensioned such that it can hold the largest
contemplated packet size), then the queue size in 180 can be represented by a single number.” Van Loo 485
at col. 6, 11. 36-48.

“The masters 110 and 120 also include transaction request output queues 290 and 300, respectively, which are
used to queue up transaction requests from each of the master interfaces to the SC 130. Each master 110 and
120 has a counter (310 and 320) used to track the number of pending transaction requests, as described below.

The SC 130 is provided with output queues 210 and 220 and associated counters 230 and 240, respectively,
whose operation will be described below.” Van Loo ’485 at col. 7, 11. 12-20.
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“Many combinations of standard hardware and software are possible to execute these functions in the system
controller; and the same is true of the functions carried out in the slave devices (see slave logic modules 142
and 152) and the master devices (see master logic modules 112 and 122). Here, the logic modules represent
all of the circuitry, programming, memory and intelligence necessary to carry out the functions of the
invention as described; assembling the hardware and software to do so is a matter of routine to one skilled in
the art, given the teaching of this invention. (Where a master device is a processor, the logic for implementing
the present invention can of course be made up in large part of the processor itself and the instructions it
executes.) The particular implementation of these logic modules, and the extent to which it is represented by
software or hardware, are widely variable and thus shown only in block form in FIG. 2.” Van Loo 485 at col.
7, 11. 38-54.

“Any master can request transactions to any slave via the SC, for any selected number of master and slaves.
The SC will typically be an ASIC configured for a given system with a predetermined maximum number of
master and slave interfaces. Since it is a relatively simple and inexpensive ASIC (by comparison with the
system as a whole), it provides great flexibility and economy by allowing designers to easily configure
different SC's at low cost for different systems, each one tailored to the specific needs of that system.” Van
Loo ’485 at col. 10, 11. 21-30.

“The logic for the carrying out of the invention is provided by hardware/firmware logic of the SC ASIC and
the master and slave interfaces, and by program instructions stored in memory 85 of the system, as shown in
FIG. 1. Alternative embodiments may implement the logic in other fashions, e.g. by providing memories and
general purpose processors to carry out any of the steps executed by the master interfaces, system controller
and slave interfaces of the preferred embodiment of this invention.” Van Loo ’485 at col. 10, 11. 31-39.

“6. A method for controlling transaction flow in a computer system including at least one master device, at
least one slave device, and a system interconnect connected between the master and slave devices, the
interconnect comprising a circuit separate from said master device and having at least one interconnect
request queue coupled to each said master device and each said slave device including at least one slave
request queue coupled to said system interconnect, the method including the steps of:

(1) transmitting a first transaction request from a first said master device to a first said system interconnect;

(2) receiving the first transaction request in a first said interconnect receive queue of said first system
interconnect;

(3) determining a recipient slave device for said first transaction request;
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(4) determining whether the recipient slave request queue of the recipient slave device is available to accept
said first transaction request, and if so, forwarding said first transaction request to said recipient slave request
queue;

(5) receiving said first transaction request at said recipient slave request queue;
(6) executing said first transaction request by said recipient slave device;

(7) notifying the system interconnect, by the slave device, that said first transaction request has been
executed.” Van Loo 485 at col. 17, 11. 33-60.

[1c] a first processing element Van Loo ’485 teaches “a first processing element having access to said input queue and said output queue,”
having access to said input queue | including at least the following exemplary citations.

and said output queue; Van Loo ’485 supports at least two example theories for invalidity.

In the first example theory, Van Loo *485 teaches a first processing element having access to said input queue
and said output queue, by disclosing, as non-limiting examples, a master or a master device. A master or a
master device has access to both the input queue and output queue.

In the second example theory, Van Loo ’485 teaches a first processing element having access to said input
queue and said output queue, by disclosing, as non-limiting examples, a system controller. A system
controller has access to both the input queue and output queue. See, e.g.:

“This invention describes a link-by-link flow control method for packet-switched uniprocessor and
multiprocessor computer systems that maximizes system resource utilization and throughput, and minimizes
system latency. The computer system comprises one or more master interfaces, one or more slave interfaces,
and an interconnect system controller which provides dedicated transaction request queues for each master
interface and controls the forwarding of transactions to each slave interface. The master interface keeps track
of the number of requests in the dedicated queue in the system controller, and the system controller keeps
track of the number of requests in each slave interface queue. Both the master interface, and system controller
know the maximum capacity of the queue immediately downstream from it, and does not issue more
transaction requests than what the downstream queue can accommodate. An acknowledgment from the
downstream queue indicates to the sender that there is space in it for another transaction. Thus no system
resources are wasted trying to send a request to a queue that is already full.” Van Loo ’485 at Abstract.
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FIG. 1
Van Loo ’485 at Figure 1.
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FIG. 1A

Van Loo ’485 at Figure 1A.
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Van Loo ’485 at Figure 2.
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Van Loo ’485 at Figure 4.
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Van Loo ’485 at Figure 5.
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FIG. 6
Van Loo ’485 at Figure 6.

“The present invention employs a method and apparatus for determining the total queue sizes of all the
queues in the system at initialization time, and for permitting a master (e.g. a processor) to send a number of
transaction requests only to the extent of that total. The system of the invention classifies system interconnect
queues as request queues, read-data queues, and write-data queues, and determines rules of transfer of both
requests and data as loosely coupled events. An interconnect (system) controller is connected between one or
more masters (e.g. microprocessors) and the slave devices, which may be I/O units, disk drives, memory, etc.
The interconnect controller includes a queue for each master, and each master includes a transaction counter
indicating the number of outstanding transaction requests from that master to the controller. The interconnect
controller additionally includes both request and write data queues for each downstream slave, and a
transaction counter indicating the number of outstanding requests from the controller to that slave and the
outstanding write data transfers from some master to that slave.” Van Loo ’485 at col. 2, 1. 54 —col. 3, 1. 6.

“The present invention uses a new system interconnect architecture and concomitant new methods for
utilizing the interconnect to control transaction requests and data flow between master devices and slave or
memory devices.
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In FIG. 1, the system 10 includes a UPA module 20 and an interconnect network or module 25, which in
different embodiments of the invention may or may not be connected to the data path. The UPA module may
include such devices as a processor 30, a graphics unit 40, and an I/O unit 50. Other units may be included,
and act as the master units for the purposes of the present invention. A master interface is defined as the
interface for any entity initiating transaction requests; examples of such masters are a CPU making memory
requests, or an I/O channel and bridges making DMA requests.” Van Loo ’485 at col. 4, 11. 27-41.

“In general, in this application a master is exemplified by a processor. However, a master may be any
transaction-requesting device, whether or not it includes a microprocessor. Similarly, a "slave" refers herein
to any device that can accept a transaction request, including both memory and non-memory devices, etc., and
including devices such as processors and I/O controllers that may themselves act as masters.” Van Loo ’485
at col. 4, 11. 42-49.

“In a preferred embodiment, the system controller 70 and UPA interface 60 are carried on the main processor
chip, and the slave interface is on the motherboard, though many variations are possible. More generally, each
master (whether a processor or some other device) has a UPA master interface, and each slave includes a
UPA slave interface. The system controller in each case resides with the system.” Van Loo ’485 at col. 5, 11.
4-11.

“A datapath crossbar 90 is also included in the interconnect module 25, and is coupled to the slave
interface(s), the system controller 70, and the ports 60. The datapath crossbar may be s simple bus or may be
a more complicated crossbar. (The UPA ports 60 may be configured as part of either the UPA module 20 or
the interconnect module 25.) The datapath unit 90 is used to transmit read and write data in a manner to be
described below.” Van Loo ’485 at col. 5, 11. 12—19.

“FIG. 1A shows a more generalized block diagram of a system according to the invention. Here, there are
multiple masters (three exemplary masters M1-M3 being shown). These masters may act in certain
circumstances as slaves. For instance, if M1 is a processor and M3 is an I/O controller, then M3 will often act
as a slave to M1, as in the initialization procedure described below. On the other hand, during a DMA (direct
memory access) operation, the I/O controller M3 will act as a master to a memory device, such as any of one
to many of memories represented as M1 ... M2 in FIG. 1A.” Van Loo ’485 at col. 5, 11. 50-60.

“FIG. 2 illustrates an interconnect module 100 in a specific implementation where two master interfaces (or
"masters") 110 and 120, a single system controller (SC) 130, two slaves interfaces (or "slaves") 140 and 150,
and a datapath crossbar 155 are used. There may in principle any number of masters and slaves. The masters
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may be any of the interfaces discussed above, or in general any devices or entities capable of issuing
transaction requests.” Van Loo 485 at col. 6, 11. 24-31.

“Each slave 140 and 150 includes a slave queue (160 and 170, respectively) for receiving transaction
requests. The maximum sizes of these slave queues are represented by values in port ID registers 180 and
190, respectively.” Van Loo 485 at col. 6, 11. 32-35.

“Masters 110 and 120 include data queues or buffers 115 and 125, and slaves 140 and 150 include data
queues or buffers 185 and 195, whose functions are described in detail relative to FIGS. 6 and 7 below. The
maximum sizes of the slave write data queues 185 and 195 are also represented by values in port ID registers
180 and 190, respectively. In the special case where there is a one-to-one correspondence to a request queue
entry (e.g. 100) and a data buffer in the write data queue (e.g. 185), with the write data queue being
maximally dimensioned to hold an entire packet (i.e. dimensioned such that it can hold the largest

contemplated packet size), then the queue size in 180 can be represented by a single number.” Van Loo 485
at col. 6, 11. 36-48.

“6. A method for controlling transaction flow in a computer system including at least one master device, at
least one slave device, and a system interconnect connected between the master and slave devices, the
interconnect comprising a circuit separate from said master device and having at least one interconnect
request queue coupled to each said master device and each said slave device including at least one slave
request queue coupled to said system interconnect, the method including the steps of:

(1) transmitting a first transaction request from a first said master device to a first said system interconnect;

(2) receiving the first transaction request in a first said interconnect receive queue of said first system
interconnect;

(3) determining a recipient slave device for said first transaction request;

(4) determining whether the recipient slave request queue of the recipient slave device is available to accept
said first transaction request, and if so, forwarding said first transaction request to said recipient slave request
queue;

(5) receiving said first transaction request at said recipient slave request queue;

(6) executing said first transaction request by said recipient slave device;
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(7) notifying the system interconnect, by the slave device, that said first transaction request has been
executed.” Van Loo 485 at col. 17, 11. 33-60.

[1d] at least one second processing | Van Loo 485 teaches “at least one second processing element in communication with said first processing
element in communication with element,” including at least the following exemplary citations.

said first processing element; Van Loo ’485 supports at least two example theories for invalidity.

In the first example theory, Van Loo ’485 teaches at least one second processing element in communication
with said first processing element, by disclosing, as non-limiting examples, a system controller. A system
controller, the second processing element is in communication with the first processing element.

In the second example theory, Van Loo *485 teaches at least one second processing element in
communication with said first processing element, by disclosing, as non-limiting examples, a master or
master device. A master or master device, the second processing element is in communication with the first
processing element. See, e.g..

|
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50 | | !
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FIG. 1

Van Loo ’485 at Figure 1.
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Van Loo ’485 at Figure 1A.
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Van Loo ’485 at Figure 2.
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Van Loo ’485 at Figure 4.
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Van Loo ’485 at Figure 5.
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FIG. 6
Van Loo ’485 at Figure 6.

“A UPA port 60 couples the module 20 to a system interconnect controller (SC) 70, which is in turn coupled
to one or more slave interface(s) 80. The slave interface may be an interface for memory (such as main
memory), an I/O interface, a graphics frame buffer, one or more bridges to other interconnection networks, or
even a CPU receiving transactions to be serviced. In general, any device that accepts transaction requests for
servicing may be given a slave interface 80 in accordance with the invention, such as conventional memory
device(s) 85 and/or standard I/O device(s) 95.” Van Loo 485 at col. 4, 1. 60 — col. 5, 1. 3.

“A datapath crossbar 90 is also included in the interconnect module 25, and is coupled to the slave
interface(s), the system controller 70, and the ports 60. The datapath crossbar may be s simple bus or may be
a more complicated crossbar. (The UPA ports 60 may be configured as part of either the UPA module 20 or
the interconnect module 25.) The datapath unit 90 is used to transmit read and write data in a manner to be
described below.” Van Loo ’485 at col. 5, 11. 12—19.

“FIG. 1A shows a more generalized block diagram of a system according to the invention. Here, there are
multiple masters (three exemplary masters M1-M3 being shown). These masters may act in certain
circumstances as slaves. For instance, if M1 is a processor and M3 is an I/O controller, then M3 will often act
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as a slave to M1, as in the initialization procedure described below. On the other hand, during a DMA (direct
memory access) operation, the I/O controller M3 will act as a master to a memory device, such as any of one
to many of memories represented as M1 ... M2 in FIG. 1A.” Van Loo ’485 at col. 5, 11. 50-60.

“FIG. 2 illustrates an interconnect module 100 in a specific implementation where two master interfaces (or
"masters") 110 and 120, a single system controller (SC) 130, two slaves interfaces (or "slaves") 140 and 150,
and a datapath crossbar 155 are used. There may in principle any number of masters and slaves. The masters
may be any of the interfaces discussed above, or in general any devices or entities capable of issuing
transaction requests.” Van Loo 485 at col. 6, 11. 24-31.

“(It should be noted throughout the present description that for the sake of clarity split address and data buses
are assumed and illustrated; however, the present invention is equally applicable to systems using shared
address/data buses.) The I/O controller M3 accesses the boot PROM 94 to read the code for the initialization
sequence, and sends it via line A/ctrl-3 to the SC 75, which sends it on to the processor M1.” Van Loo ’485 at
col. 7,1. 67 —col. 8, 1. 6.

“When this complete-transaction signal is received by the master interface 110 (box 500), the master interface
decrements the counter associated with that SCIQ (box 530) and proceeds to the step at box 440.

At box 440, the counter 320 is incremented by one, and at box 450 the transaction request is sent by the
master to the SC. Thus, the counter 320 now reflects the sending of one (or one additional) transaction
request.” Van Loo 485 at col. 11, 11. 39-46.

“6. A method for controlling transaction flow in a computer system including at least one master device, at
least one slave device, and a system interconnect connected between the master and slave devices, the
interconnect comprising a circuit separate from said master device and having at least one interconnect
request queue coupled to each said master device and each said slave device including at least one slave
request queue coupled to said system interconnect, the method including the steps of:

(1) transmitting a first transaction request from a first said master device to a first said system interconnect;

(2) receiving the first transaction request in a first said interconnect receive queue of said first system
interconnect;

(3) determining a recipient slave device for said first transaction request;
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(4) determining whether the recipient slave request queue of the recipient slave device is available to accept
said first transaction request, and if so, forwarding said first transaction request to said recipient slave request
queue;

(5) receiving said first transaction request at said recipient slave request queue;
(6) executing said first transaction request by said recipient slave device;

(7) notifying the system interconnect, by the slave device, that said first transaction request has been
executed.” Van Loo 485 at col. 17, 11. 33-60.

[1e] a reservation register
implemented in hardware storing a
value indicative of available space
in said input queue, said
reservation register accessible by
both said first processing element
and said at least one second
processing element;

Van Loo ’485 teaches “a reservation register implemented in hardware storing a value indicative of available
space in said input queue, said reservation register accessible by both said first processing element and said at
least one second processing element,” including at least the following exemplary citations.

Van Loo 485 supports at least two example theories for invalidity.

In the first example theory, Van Loo ’485 teaches a reservation register implemented in hardware storing a
value indicative of available space in said input queue, said reservation register accessible by both said first
processing element and said at least one second processing element, by disclosing, as non-limiting examples,
a counter on the system controller and/or a config register. A counter on the system controller and/or a config
register stores a value of indicative space and is accessible by both the first and second processing elements
discussed above.

In the second example theory, Van Loo ’485 teaches a reservation register implemented in hardware storing a
value indicative of available space in said input queue, said reservation register accessible by both said first
processing element and said at least one second processing element, by disclosing, as non-limiting examples,
a master counter. A master counter stores a value of indicative space and is accessible by both the first and
second processing elements discussed above.

Defendants have proposed a construction that “register” means “set of flip—flops that store a set of related
bits.” Van Loo ’485 teaches a reservation register that is a set of flip-flops that store a set of related bits. Van
Loo ’485, 7:29-32 (”an ASIC may be provided for carrying out the transaction request handling, queue
control, numerical comparisons and counting, etc.”); 7:50-53; 10:30-32. For example, the reservation
registers identified above is explained and described as a register and the description of its behavior is
consistent with a set of flip-flops that store a set of related bits. See id. Van Loo is a multiprocessor system

Page 37 of 123

IPR2025-00486
Concurrent Ventures LLC, XtreamEdge Inc. EX2036



Exhibit 596-17

Claim Language

Exemplary Evidence of Anticipation and/or Obviousness

that uses registers. A POSITA reading Van Loo would have understood the description of these registers to
be a set of flip-flops that store a set of related bits in view of the relevant disclosures, and further because that
is how hardware systems and registers in particular had been designed and implemented for decades. See,

eg.:
Initialize SC Registers
400
Initialize Master Registers
410

New Transaction request ‘from box 49
o 42 (Fig. 38)
Yes

For read operation:
Is master buffer able to accept data?
For write operation:

Is write data ready for transmission? Wait
424 o 426

yes
Transaction complete

Is master counter value =
message (S_REPLY) total SCIQ size?
Yes

No Nog
v Yes —»| Send ransaction request to SC and
\g/1a (I)t insert at head of SCIQ
= Decrement Master| 440
Counter by 1 * —

master counter by 1
450

If SCIQ for given master is nonempty, take the request at head
of that SC|8 and determine the recipient slave for that request
452

received from SC?

to box 454
(Fig. 3B)

FIG. 3A

Van Loo ’485 at Figure 3A.
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from box 452
(Fig. 34)
s this a memory operation

oraslave ?«aﬁoﬂ?
454

o box 420
(Fig. 3A)

(Memory
operation)

s the recipient memory valid, given
ordering constraints?
456
T Ve
Wait untl memory 15| [ Read or write memory as required
ava and send S_REPLY
458 460

Deemine recipient slave for
ransaction

(Slave
operation)

s he recipi Vaid, given
ordering consiraints?
464

Wait until slave is valid
486

Yes

fthis s a slave writ ransaction: SC enables dalapath, whereupon masler
moves data through data crossbar to slave input quete, and SC sends
S-REPLY (o maseran slave)
17

Transacton TS SC counter value forrecipienl Save =
complete P_REQ queue of recipent siave?
message Yes 475
received fom o

slave?

Increment SC counter for recipient slave by 1
480

o
490
recipient slave =
TThis &  slave read request, then iiiate
read operation; when complete, slave sends
P_REPLY o SC and SC sends S_REPLY's ——
(to master and slave)
FIG. 3B 495

Van Loo ’485 at F;gure 3B.
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UPA master / 700 DataPath / 730 710 \ UPA slave
-2-). Ypata _ (YData :: :'PREQ‘DQ
T N .+ INT_DQ
D: \ 800 \ 790 -Iji -
1 | @srery @s_repLy [T Sﬁo E‘
He R s Rery
- 770 @ 7'y 780 7y
. DPctrl «—
: _(3P_REPLY|
treeeee- * T]scao T 760
QrRea | Llscar @PREQ\ 75
740 / = ————
810 '
820 <
I__‘ - datapath\ ;.45
System Controller \7p9 (230

Slave Read Flow Control

FIG. 6
Van Loo ’485 at Figure 6.

“The present invention employs a method and apparatus for determining the total queue sizes of all the
queues in the system at initialization time, and for permitting a master (e.g. a processor) to send a number of
transaction requests only to the extent of that total. The system of the invention classifies system interconnect
queues as request queues, read-data queues, and write-data queues, and determines rules of transfer of both
requests and data as loosely coupled events. An interconnect (system) controller is connected between one or
more masters (e.g. microprocessors) and the slave devices, which may be I/O units, disk drives, memory, etc.
The interconnect controller includes a queue for each master, and each master includes a transaction counter
indicating the number of outstanding transaction requests from that master to the controller. The interconnect
controller additionally includes both request and write data queues for each downstream slave, and a
transaction counter indicating the number of outstanding requests from the controller to that slave and the
outstanding write data transfers from some master to that slave.” Van Loo ’485 at col. 2, 1. 54 —col. 3, 1. 6.

“Initialization Operation

The basic steps that take place at initialization include:
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(1) determine the sizes of the respective receive queues of all the slaves coupled to the system;

(2) store the sizes of the slave receive queues in registers within the system controller;

(3) determine the sizes of the system controller's receive queues; and

(4) store the sizes of the system controller receive queues in predetermined registers in the master(s).

Thus, at system initialization, the initialization software reads the contents of the size fields for the request
queue and write data queue in each slave, and then copies these values into corresponding fields inside the
configuration (config) register 200 of the SC 130. In one embodiment, the values in ID registers 170 and 180
(representing the slave queue sizes) are stored in separate fields in configuration ("config") register 200 of the
SC 130. In addition, the values of the SCID registers 255 and 265 (representing the SC queue sizes) are stored
in config registers 270 and 280, respectively, of the master interfaces 110 and 120.” Van Loo ’485 at col. 6, 1.
53-col.7,1.7.

“Alternatively, config register 200 may be replaced by a separate configuration register for each UPA port
implemented in the given SC. In this case, there would be two separate config registers, one for each of slaves
140 and 150.” Van Loo ’485 at col. 7, 11. 8-11.

“Many combinations of standard hardware and software are possible to execute these functions in the system
controller; and the same is true of the functions carried out in the slave devices (see slave logic modules 142
and 152) and the master devices (see master logic modules 112 and 122). Here, the logic modules represent
all of the circuitry, programming, memory and intelligence necessary to carry out the functions of the
invention as described; assembling the hardware and software to do so is a matter of routine to one skilled in
the art, given the teaching of this invention. (Where a master device is a processor, the logic for implementing
the present invention can of course be made up in large part of the processor itself and the instructions it
executes.) The particular implementation of these logic modules, and the extent to which it is represented by
software or hardware, are widely variable and thus shown only in block form in FIG. 2.” Van Loo 485 at col.
7, 11. 38-54.

“Once the processor M3 has retrieved the initialization sequence instructions from the boot PROM 94, they
are executed. The first operation is to read the BD registers of the memories and slaves. These ID registers, as
described above with respect to FIG. 2, contain the values of the respective slaves' instruction queues and
write data queues. The flow control sequence that is followed for this read operation follows that described
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below for the Slave Read Flow Control in FIG. 6, the data from the ID registers being retrieved via a data bus
(or datapath) 715.

The ID register values are written to the config registers (such as config register 200) of the system controller
(75 in FIG. 1A, 130 in FIG. 2). As discussed above, there is one config register per slave, or at least one field
in a config register for each slave. The flow sequence followed for this write operation is as discussed below
relative to FIG. 7. The I/O controller for the system is used for this purpose. Thus, assuming in FIG. 7 that for
this operation the slave 710 is the I/O controller, the master (in this case, a processor) 700 causes the SC 720
to write the ID register values from each slave to its own config registers. In each case, the respective ID
register value is stored in a buffer of the processor (master 700 in FIG. 7 or master M1 in FIG. 1A), and this
value is passed to the system controller to the I/O controller (slave 710 in FIG. 7 or master/slave M3 in FIG.
1A), which then writes it right back to the system controller via the datapath provided for that purpose (data
bus 715 in FIG. 7).

The next step in the initialization procedure is to read the sizes of the receive queues of the system controller
(e.g. the SCIQ's 0 and 1 shown in FIG. 7 or SCIQ's 250 and 260 in FIG. 2). The receive queue sizes are stored
in the SCID registers (see registers 255 and 265 shown in FIG. 2). This read operation is executed using the
I/O controller of the system, resulting in the master/processor storing the SC receive queue values in a buffer
or preassigned register.

Finally, these SCIQ sizes are written into the master config registers (such as 270 and 280 in FIG. 2). If the
system is a uniprocessor system, then this amounts the processor writing the SCID values to its own config
register and to the config registers of other devices that can act as masters. If it is a multiprocessor system,
then one processor acts as a master and writes SCID values to both its own config register and to those of the
other processors.” Van Loo 485 at col. 8, 11. 12-54.

“After initialization of the config register 200 in the SC 130 and the config registers 270 and 280 in the
masters, normal operation of the system 100 can commence. During operation, the SC maintains in its config
register 200 a copy of the respective values of the slave ID registers 180 and 190, and hence "knows" the
maximum number of transaction requests that each slave interface can handle in its slave request queue (160
or 170), and the maximum amount of data that can be held in its slave data queue (185 or 195). At any given
time, the counters 230 and 240 store the number of pending transaction requests in the corresponding slave
request queue, and the size of the pending store data in the slave store data queue. Unissued transaction
requests may in some circumstances be stored for the slaves 140 and 150 in output queues 210 and 220,
which may be arbitrarily large, and in particular may be larger than the SCIQ's 250 and 260. In other
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circumstances, requests remain enqueued in corresponding SCIQ's.” Van Loo ’485 at col. 8, 1. 61 —col. 9, L.
11.

“Referring now to FIGS. 3A-3B, at initialization (box/method step 400) all UPA port ID registers (e.g. the
slave ID registers 180 and 190 in FIG. 2) are read, and their contents are written into the appropriate fields in
the SC config register 200 (or into separate, dedicated config registers, as discussed above). The separate
fields in a single SC config register embodiment is more likely to be used when the UPA (slave) ports are
configured with a PROM instead of a port ID register. In the present application, whenever fields of the
config register are referred to, it may be taken alternatively to mean separate config registers, and vice versa.

At box 410, the master registers are now initialized, which involves reading the SCID registers 255 and 265
and writing the SCIQ sizes (stored in those registers) in the respective config registers 270 and 280.” Van Loo
’485 at col. 10, 11. 41-55.

“When either the read or the write operation is ready for execution as far as the master interface is concerned,
then at box 430 the system tests whether the value of the master counter (in this example, counter 320) or
equal to the value stored in the config register, i.e. the size of the associated SCIQ 260 (as originally provided
by the SCID register 265). (The master counter should never be able to exceed the value stored in the config
registers, but in case it did this could be taken into account by using a "=" instead of "=" in the comparison
test.) If the counter has not issued requests equal to the total SCIQ 260 size, then this test will be false and the
method proceeds to box 440.” Van Loo ’485 at col. 11, 11. 18-29.

“a first register storing a first register value representing the number of locations in said slave receive queue
available for queueing of transaction requests by said least one slave device;

a first counter storing a first counter value representing at any given time the number of transaction requests
that are stored in said slave receive queue;” Van Loo 485 at col. 16, 11. 46-52.

“a first register storing a first register value representing the number of locations in said slave receive queue
available for queueing of transaction requests by said least one slave device;

a first counter storing a first counter value representing at any given time the number of transaction requests
that are stored in said slave receive queue;” Van Loo 485 at col. 17, 1. 15-21.

[1f] computer storage storing Van Loo ’485 teaches computer storage storing instructions executed by said at least one second processing
instructions, which when executed | element, including at least the following exemplary citations.
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by said at least one second
processing element:

Van Loo 485 supports at least two example theories for invalidity.

In the first example theory, Van Loo ’485 teaches computer storage storing instructions that are executed by
said at least one second processing element, by disclosing, as non-limiting examples, ROM or RAM storing
program instructions to execute system controller functions or boot PROM storing the initialization sequence.
The second processing element (e.g., a system controller) executes instructions those instructions stored in the
computer storage.

In the second example theory, Van Loo ’485 teaches computer storage storing instructions that are executed
by said at least one second processing element, by disclosing, as non-limiting examples, system storing
program instructions to execute master interface functions or boot PROM storing the initialization sequence.
The second processing element (e.g., a master or a master device) executes instructions those instructions
stored in the computer storage. See, e.g.:

Initialize SC Registers
400
Initialize Master Registers
410
End New Transaction request rom box 49
42 ["No 420 (Fig. 38)

Yes y

For read operation:
Is master buffer able to accept data?
For write operation:

Is write data ready for transmission? Wait
42 oL 48

yYes

Transaction complete Is master counter value =
message (S REPLY) || "0TCRIA Cre
received from SC?  [yoo

No Nog
Wait es Send transaction request to SC and
insert at head of SCIQ
= Decrement Master 440
Counter by 1 —
520 ¥
master counter by 1
450

If SCIQ for given master is nonempty, take the request at head!
of that SCI% and determine the £ecipien( slave for that request
452

(Fig. 38)
FIG. 3A

Van Loo ’485 at Figure 3A.
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from box 452
(Fig. 34)
s this a memory operation

oraslave ?«aﬁoﬂ?
454

o box 420
(Fig. 3A)

(Memory
operation)

s the recipient memory valid, given
ordering constraints?
456
T Ve
Wait untl memory 15| [ Read or write memory as required
ava and send S_REPLY
458 460

Deemine recipient slave for
ransaction

(Slave
operation)

s he recipi Vaid, given
ordering consiraints?
464

Wait until slave is valid
486

Yes

fthis s a slave writ ransaction: SC enables dalapath, whereupon masler
moves data through data crossbar to slave input quete, and SC sends
S-REPLY (o maseran slave)
17

Transacton TS SC counter value forrecipienl Save =
complete P_REQ queue of recipent siave?
message Yes 475
received fom o

slave?

Increment SC counter for recipient slave by 1
480

o
490
recipient slave =
TThis &  slave read request, then iiiate
read operation; when complete, slave sends
P_REPLY o SC and SC sends S_REPLY's ——
(to master and slave)
FIG. 3B 495

Van Loo ’485 at F;gure 3B.
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UPA master / 700 DataPath / 730 710 \ UPA slave
ey — e
-2-). Ypata _ (YData :: :'PREQ‘DQ
T N .+ INT_DQ
D: \ 800 \ 790 -Iji -
1 | @srery @s_repLy [T Sﬁo E‘
He R s Rery
- 770 @ X 760 7y
. DPctrl «—
: _(3P_REPLY|
"""""" * T]scao T 760
QrRea | Llscar @PREQ\ 75
740 / = ————
810 ~ Counter 1!
820 <
I__‘ - datapath\ ;.45
System Controller \7p9 (230

Slave Read Flow Control

FIG. 6
Van Loo ’485 at Figure 6.

“One or more conventional memories or other data storage devices 85 and one or more input/output (I/O)
devices 95 forming part of the system 10 are provided for user interface, data output, etc.; these various slave
devices may include RAM, ROM, disk drives, monitors, keyboards, track balls, printers, etc. They are
coupled into the interconnect module 25 via the slave interfaces 80. The "slave" designation means in this

case only that such devices accept requests from one or more processors and fulfill those requests.” Van Loo
’485 at col. 5, 11. 20-28.

“The circuitry for carrying out the operations of the SC is indicated by SC logic module 245 in FIG. 2, and
may include conventional hardwired and/or software logic for carrying out the necessary functions. For
instance, an ASIC may be provided for carrying out the transaction request handling, queue control,
numerical comparisons and counting, etc. that are used in the invention. Alternatively, a general purpose
processor could be used, configured (such as by program instructions stored in an associated conventional
memory, e.g. ROM or RAM) to execute the functions discussed herein.” Van Loo ’485 at col. 7, 1. 27-37.

“Many combinations of standard hardware and software are possible to execute these functions in the system
controller; and the same is true of the functions carried out in the slave devices (see slave logic modules 142
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and 152) and the master devices (see master logic modules 112 and 122). Here, the logic modules represent
all of the circuitry, programming, memory and intelligence necessary to carry out the functions of the
invention as described; assembling the hardware and software to do so is a matter of routine to one skilled in
the art, given the teaching of this invention. (Where a master device is a processor, the logic for implementing
the present invention can of course be made up in large part of the processor itself and the instructions it
executes.) The particular implementation of these logic modules, and the extent to which it is represented by
software or hardware, are widely variable and thus shown only in block form in FIG. 2.” Van Loo 485 at col.
7, 11. 38-54.

“The logic for the carrying out of the invention is provided by hardware/firmware logic of the SC ASIC and

the master and slave interfaces, and by program instructions stored in memory 85 of the system, as shown in
FIG. 1. Alternative embodiments may implement the logic in other fashions, e.g. by providing memories and
general purpose processors to carry out any of the steps executed by the master interfaces, system controller

and slave interfaces of the preferred embodiment of this invention.” Van Loo ’485 at col. 10, 1. 31-39.

“a first circuit coupled to said first register, first counter and slave receive queue, including comparison logic
to compare said first register value with said first counter value, and adapted for conditionally transferring
said transaction requests from said interconnect receive queue to said slave device in dependence upon a
difference between said first counter value and said first register value, wherein said first circuit is a circuit
separate from said at least one microprocessor.” Van Loo ’485 at col. 16, 11. 55-63.

“a first circuit coupled to said first register, first counter and slave receive queue, including comparison logic
to compare said first register value with said first counter value, and configured to conditionally transfer said
transaction requests from said interconnect receive queue to said slave device in dependence upon a
difference between said first counter value and said first register value.” Van Loo ’485 at col. 17, 11. 25-32.

[1g] accesses said reservation Van Loo ’485 teaches “accesses said reservation register and reads said stored value,” including at least the
register and reads said stored following exemplary citations.
value;

Van Loo 485 supports at least two example theories for invalidity.

In the first example theory, Van Loo ’485 teaches that the second processing element executes instructions
that causes it to access said reservation register and reads said stored value, by disclosing, as non-limiting
examples, the second processing element (e.g., a system controller) checking the reservation register (e.g., a
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config register and/or a counter). The second processing element accesses and reads the stored value in the
reservation register.

In the second example theory, Van Loo ’485 teaches that the second processing element executes instructions
that causes it to access said reservation register and reads said stored value, by disclosing, as non-limiting
examples, the second processing element (e.g., a master) checking the reservation register (e.g., a master
counter). The second processing element accesses and reads the stored value in the reservation register. See,

eg.

“This invention describes a link-by-link flow control method for packet-switched uniprocessor and
multiprocessor computer systems that maximizes system resource utilization and throughput, and minimizes
system latency. The computer system comprises one or more master interfaces, one or more slave interfaces,
and an interconnect system controller which provides dedicated transaction request queues for each master
interface and controls the forwarding of transactions to each slave interface. The master interface keeps track
of the number of requests in the dedicated queue in the system controller, and the system controller keeps
track of the number of requests in each slave interface queue. Both the master interface, and system controller
know the maximum capacity of the queue immediately downstream from it, and does not issue more
transaction requests than what the downstream queue can accommodate. An acknowledgment from the
downstream queue indicates to the sender that there is space in it for another transaction. Thus no system
resources are wasted trying to send a request to a queue that is already full.” Van Loo ’485 at Abstract.
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Initialize SC Registers
400
Initialize Master Registers
410

End New Transaction request ‘from box 49
2 % 420 (Fig. 38)
Yes
For read operation:
Is master buffer able to accept data?
For write operation: -
Is write data reng for transmission? \i\l;ét
424 oL 22
yes
Transaction complete -
message (S_REPLY) Is master gg‘]’a‘g{z‘g’”e
received from SC?  [yoo 430 !
No_ Yes Noy - Cand
Wait e Send transaction request to SC an
insert at head of SCIQ
Decrement Master 440

Counter by 1
520 v
master counter by 1
450

If SCIQ for given master is nonempty, take the request at head
of that SC|8 and determine the recipient slave for that request
452

to box 454
(Fig. 38)

FIG. 3A

Van Loo ’485 at Figure 3A.
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from box 452
(Fig. 34)
s this a memory operation

oraslave ?«aﬁoﬂ?
454

o box 420
(Fig. 3A)

(Memory
operation)

s the recipient memory valid, given
ordering constraints?
456
T Ve
Wait untl memory 15| [ Read or write memory as required
ava and send S_REPLY
458 460

Deemine recipient slave for
ransaction

(Slave
operation)

s he recipi Vaid, given
ordering consiraints?
464

Wait until slave is valid
486

Yes

fthis s a slave writ ransaction: SC enables dalapath, whereupon masler
moves data through data crossbar to slave input quete, and SC sends
S-REPLY (o maseran slave)
17

Transacton TS SC counter value forrecipienl Save =
complete P_REQ queue of recipent siave?
message Yes 475
received fom o

slave?

Increment SC counter for recipient slave by 1
480

o
490
recipient slave =
TThis &  slave read request, then iiiate
read operation; when complete, slave sends
P_REPLY o SC and SC sends S_REPLY's ——
(to master and slave)
FIG. 3B 495

Van Loo ’485 at F;gure 3B.

Page 50 of 123
IPR2025-00486

Concurrent Ventures LLC, XtreamEdge Inc. EX2036



Exhibit 596-17

Claim Language Exemplary Evidence of Anticipation and/or Obviousness
UPA master / 700 DataPath / 730 710 \ UPA slave
ey — e
-2-). Ypata _ (YData :: :'PREQ‘DQ
T N .+ INT_DQ
D: \ 800 \ 790 -Iji -
1 | @srery @s_repLy [T Sﬁo E‘
He R s Rery
- 770 @ 7'y 780 7y
. DPctrl «—
: _(3P_REPLY|
"""""" * T]scao T 760
QrRea | Llscar @PREQ\ 75
740 / = ————
810 '
820 <
I__‘ - datapath\ ;.45
System Controller \7p9 (230

Slave Read Flow Control

FIG. 6
Van Loo ’485 at Figure 6.

“The SC 130 then determines to which of the two slaves 140 and 150 the transaction request is destined, and
checks the counter for that queue. For instance, if slave 140 is the destination for the transaction request, then
the SC 130 checks the counter 210 and compares the value stored there with the value in the config register
200 corresponding to the ID register 180. If the counter 230 value is less than the value stored in the config
register, then the SC 130 issues the transaction request and increments the counter 230. Otherwise, the
transaction request is maintained in the output queue 210. (In some transactions related to ordering constraints
for transactions for different requests from the same master, it may be desirable to leave the request in the
SCIQ 250.)” Van Loo 485 at col. 9, 11. 19-32.

“At box 424, if the pending transaction request is for a read operation, then the system determines whether the
master read data buffer (discussed in greater detail below) for the master interface is ready to accept data, i.e.
whether there is sufficient room in the master read data buffer to receive the data to be read. If not, then the
system waits as at box 426 until the master read data buffer is ready. Note that a write operation need not be
held up during a wait period for a read operation, but may proceed independently; and vice versa.
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For a write operation, the system determines whether the data to be written to one of the slaves via a slave
interface or memory is in fact ready for writing in (transmission to) a master write buffer. If not, again at box
426 a wait period is executed, until the data item is ready for writing.” Van Loo ’485 at col. 11, 11. 4-17.

“When either the read or the write operation is ready for execution as far as the master interface is concerned,
then at box 430 the system tests whether the value of the master counter (in this example, counter 320) or
equal to the value stored in the config register, i.e. the size of the associated SCIQ 260 (as originally provided
by the SCID register 265). (The master counter should never be able to exceed the value stored in the config
registers, but in case it did this could be taken into account by using a "=" instead of "=" in the comparison
test.) If the counter has not issued requests equal to the total SCIQ 260 size, then this test will be false and the
method proceeds to box 440.” Van Loo ’485 at col. 11, 11. 18-29.

“At box 475, the SC 130 then checks the counter for the recipient slave, e.g. counter 240 if slave 150 is the
destination for the pending transaction request. If the counter equals or exceeds the value in the config
register (i.e. the size indicated by the ID register 180 or 190, which were read at initialization), then the
request is not yet allowed. In this case, then steps 530-550 are followed (essentially identical to steps 500-
520), until a free line opens up in the destination slave queue to receive the transaction request.

If the appropriate counter (230 or 240) has not reached its maximum allowed value, then it is incremented by
one (box 480), and the transaction request is sent to the recipient slave (box 490).” Van Loo 485 at col. 12, 1L
50-62.

“a first circuit coupled to said first register, first counter and slave receive queue, including comparison logic
to compare said first register value with said first counter value, and adapted for conditionally transferring
said transaction requests from said interconnect receive queue to said slave device in dependence upon a
difference between said first counter value and said first register value, wherein said first circuit is a circuit
separate from said at least one microprocessor.” Van Loo ’485 at col. 16, 1. 55-63.

“a first circuit coupled to said first register, first counter and slave receive queue, including comparison logic
to compare said first register value with said first counter value, and configured to conditionally transfer said
transaction requests from said interconnect receive queue to said slave device in dependence upon a
difference between said first counter value and said first register value.” Van Loo ’485 at col. 17, 11. 25-32.

“6. A method for controlling transaction flow in a computer system including at least one master device, at
least one slave device, and a system interconnect connected between the master and slave devices, the
interconnect comprising a circuit separate from said master device and having at least one interconnect
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request queue coupled to each said master device and each said slave device including at least one slave
request queue coupled to said system interconnect, the method including the steps of:

(1) transmitting a first transaction request from a first said master device to a first said system interconnect;

(2) receiving the first transaction request in a first said interconnect receive queue of said first system
interconnect;

(3) determining a recipient slave device for said first transaction request;

(4) determining whether the recipient slave request queue of the recipient slave device is available to accept
said first transaction request, and if so, forwarding said first transaction request to said recipient slave request
queue;

(5) receiving said first transaction request at said recipient slave request queue;
(6) executing said first transaction request by said recipient slave device;

(7) notifying the system interconnect, by the slave device, that said first transaction request has been
executed.” Van Loo 485 at col. 17, 11. 33-60.

“9. The method of claim 6, further including the steps of:

storing a pending request value representing the total number of transactions that said recipient slave request
queue can receive; and

maintaining a count of the number of transaction requests present in the recipient slave request queue;

wherein step 4 includes the step of comparing said count with said pending request value, to determine that
the recipient slave request queue can accept the transaction request if said count is less than said pending
request value.” Van Loo ’485 at col. 18, 11. 1-11.

[1h] determines when said read Van Loo ’485 teaches “determines when said read value indicates available space in said input queue for said
value indicates available space in | first processing element to issue a command,” including at least the following exemplary citations.
said input queue for said first

processing element to issue a
command; In the first example theory, Van Loo ’485 teaches that the second processing element executes instructions

that causes it to determine when said read value indicates available space in said input queue for said first
processing element to issue a command, by disclosing, as non-limiting examples, the second processing

Van Loo 485 supports at least two example theories for invalidity.
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element (e.g., a system controller) determining if there is enough space for a transaction request by comparing
a counter value to a config register value. The second processing element determines if the stored value
indicates available space in the input queue for the first processing element to issue a command.

In the second example theory, Van Loo ’485 teaches that the second processing element executes instructions
that causes it to determine when said read value indicates available space in said input queue for said first
processing element to issue a command, by disclosing, as non-limiting examples, the second processing
element (e.g., a master device) determining if there is enough space for a transaction request by checking a
master counter. The second processing element determines if the stored value indicates available space in the
input queue for the first processing element to issue a command.

“This invention describes a link-by-link flow control method for packet-switched uniprocessor and
multiprocessor computer systems that maximizes system resource utilization and throughput, and minimizes
system latency. The computer system comprises one or more master interfaces, one or more slave interfaces,
and an interconnect system controller which provides dedicated transaction request queues for each master
interface and controls the forwarding of transactions to each slave interface. The master interface keeps track
of the number of requests in the dedicated queue in the system controller, and the system controller keeps
track of the number of requests in each slave interface queue. Both the master interface, and system controller
know the maximum capacity of the queue immediately downstream from it, and does not issue more
transaction requests than what the downstream queue can accommodate. An acknowledgment from the
downstream queue indicates to the sender that there is space in it for another transaction. Thus no system
resources are wasted trying to send a request to a queue that is already full.” Van Loo ’485 at Abstract.
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Initialize SC Registers
400
Initialize Master Registers
410

End New Transaction request ‘from box 49
2 % 420 (Fig. 38)
Yes
For read operation:
Is master buffer able to accept data?
For write operation: -
Is write data reng for transmission? \i\l;ét
424 oL 22
yes
Transaction complete -
message (S_REPLY) Is master gg‘]’a‘g{z‘g’”e
received from SC?  [yoo 430 !
No_ Yes Noy - Cand
Wait e Send transaction request to SC an
insert at head of SCIQ
Decrement Master 440

Counter by 1
520 v
master counter by 1
450

If SCIQ for given master is nonempty, take the request at head
of that SC|8 and determine the recipient slave for that request
452

to box 454
(Fig. 38)

FIG. 3A

Van Loo ’485 at Figure 3A.
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from box 452
(Fig. 34)
s this a memory operation

oraslave ?«aﬁoﬂ?
454

o box 420
(Fig. 3A)

(Memory
operation)

s the recipient memory valid, given
ordering constraints?
456
T Ve
Wait untl memory 15| [ Read or write memory as required
ava and send S_REPLY
458 460

Deemine recipient slave for
ransaction

(Slave
operation)

s he recipi Vaid, given
ordering consiraints?
464

Wait until slave is valid
486

Yes

fthis s a slave writ ransaction: SC enables dalapath, whereupon masler
moves data through data crossbar to slave input quete, and SC sends
S-REPLY (o maseran slave)
17

Transacton TS SC counter value forrecipienl Save =
complete P_REQ queue of recipent siave?
message Yes 475
received fom o

slave?

Increment SC counter for recipient slave by 1
480

o
490
recipient slave =
TThis &  slave read request, then iiiate
read operation; when complete, slave sends
P_REPLY o SC and SC sends S_REPLY's ——
(to master and slave)
FIG. 3B 495

Van Loo ’485 at F;gure 3B.
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UPA master / 700 DataPath / 730 710 \ UPA slave
ey — e
-2-). Ypata _ (YData :: :'PREQ‘DQ
T N .+ INT_DQ
D: \ 800 \ 790 -Iji -
1 | @srery @s_repLy [T Sﬁo E‘
He R s Rery
- 770 @ 7'y 780 7y
. DPctrl «—
: _(3P_REPLY|
"""""" * T]scao T 760
QrRea | Llscar @PREQ\ 75
740 / = ————
810 '
820 <
I__‘ - datapath\ ;.45
System Controller \7p9 (230

Slave Read Flow Control

FIG. 6
Van Loo ’485 at Figure 6.

“The SC 130 then determines to which of the two slaves 140 and 150 the transaction request is destined, and
checks the counter for that queue. For instance, if slave 140 is the destination for the transaction request, then
the SC 130 checks the counter 210 and compares the value stored there with the value in the config register
200 corresponding to the ID register 180. If the counter 230 value is less than the value stored in the config
register, then the SC 130 issues the transaction request and increments the counter 230. Otherwise, the
transaction request is maintained in the output queue 210. (In some transactions related to ordering constraints
for transactions for different requests from the same master, it may be desirable to leave the request in the
SCIQ 250.)” Van Loo 485 at col. 9, 11. 19-32.

“At box 424, if the pending transaction request is for a read operation, then the system determines whether the
master read data buffer (discussed in greater detail below) for the master interface is ready to accept data, i.e.
whether there is sufficient room in the master read data buffer to receive the data to be read. If not, then the
system waits as at box 426 until the master read data buffer is ready. Note that a write operation need not be
held up during a wait period for a read operation, but may proceed independently; and vice versa.
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For a write operation, the system determines whether the data to be written to one of the slaves via a slave
interface or memory is in fact ready for writing in (transmission to) a master write buffer. If not, again at box
426 a wait period is executed, until the data item is ready for writing.” Van Loo ’485 at col. 11, 11. 4-17.

“When either the read or the write operation is ready for execution as far as the master interface is concerned,
then at box 430 the system tests whether the value of the master counter (in this example, counter 320) or
equal to the value stored in the config register, i.e. the size of the associated SCIQ 260 (as originally provided
by the SCID register 265). (The master counter should never be able to exceed the value stored in the config
registers, but in case it did this could be taken into account by using a "=" instead of "=" in the comparison
test.) If the counter has not issued requests equal to the total SCIQ 260 size, then this test will be false and the
method proceeds to box 440.” Van Loo ’485 at col. 11, 11. 18-29.

“At box 475, the SC 130 then checks the counter for the recipient slave, e.g. counter 240 if slave 150 is the
destination for the pending transaction request. If the counter equals or exceeds the value in the config
register (i.e. the size indicated by the ID register 180 or 190, which were read at initialization), then the
request is not yet allowed. In this case, then steps 530-550 are followed (essentially identical to steps 500-
520), until a free line opens up in the destination slave queue to receive the transaction request.

If the appropriate counter (230 or 240) has not reached its maximum allowed value, then it is incremented by
one (box 480), and the transaction request is sent to the recipient slave (box 490).” Van Loo 485 at col. 12, 1L
50-62.

“a first circuit coupled to said first register, first counter and slave receive queue, including comparison logic
to compare said first register value with said first counter value, and adapted for conditionally transferring
said transaction requests from said interconnect receive queue to said slave device in dependence upon a
difference between said first counter value and said first register value, wherein said first circuit is a circuit
separate from said at least one microprocessor.” Van Loo ’485 at col. 16, 1. 55-63.

“a first circuit coupled to said first register, first counter and slave receive queue, including comparison logic
to compare said first register value with said first counter value, and configured to conditionally transfer said
transaction requests from said interconnect receive queue to said slave device in dependence upon a
difference between said first counter value and said first register value.” Van Loo ’485 at col. 17, 11. 25-32.

“6. A method for controlling transaction flow in a computer system including at least one master device, at
least one slave device, and a system interconnect connected between the master and slave devices, the
interconnect comprising a circuit separate from said master device and having at least one interconnect
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request queue coupled to each said master device and each said slave device including at least one slave
request queue coupled to said system interconnect, the method including the steps of:

(1) transmitting a first transaction request from a first said master device to a first said system interconnect;

(2) receiving the first transaction request in a first said interconnect receive queue of said first system
interconnect;

(3) determining a recipient slave device for said first transaction request;

(4) determining whether the recipient slave request queue of the recipient slave device is available to accept
said first transaction request, and if so, forwarding said first transaction request to said recipient slave request
queue;

(5) receiving said first transaction request at said recipient slave request queue;
(6) executing said first transaction request by said recipient slave device;

(7) notifying the system interconnect, by the slave device, that said first transaction request has been
executed.” Van Loo 485 at col. 17, 11. 33-60.

“9. The method of claim 6, further including the steps of:

storing a pending request value representing the total number of transactions that said recipient slave request
queue can receive; and

maintaining a count of the number of transaction requests present in the recipient slave request queue;

wherein step 4 includes the step of comparing said count with said pending request value, to determine that
the recipient slave request queue can accept the transaction request if said count is less than said pending
request value.” Van Loo ’485 at col. 18, 11. 1-11.

[11] notifies said first processing
element to issue said command to
said input queue; and

Van Loo 485 teaches “notifies said first processing element to issue said command to said input queue,”
including at least the following exemplary citations.

Van Loo 485 supports at least two example theories for invalidity.

In the first example theory, Van Loo ’485 teaches that the second processing element executes instructions
that causes it to notify said first processing element to issue said command to said input queue, by disclosing,
as non-limiting examples, the second processing element (e.g., a system controller) sending notice to the first
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processing element (e.g., a master device) that indicates transaction completion and notifies the first
processing element that one more slot is available in the downstream queue, thereby enabling the firs
processing element to issue the next transaction request. The second processing element notifies the first
processing element to issue the command to the input queue.

In the second example theory, Van Loo ’485 teaches that the second processing element executes instructions
that causes it to notify said first processing element to issue said command to said input queue, by disclosing,
as non-limiting examples, the second processing element (e.g., a master) sending notice to the first processing
element (e.g., a system) that indicates transaction completion and notifies the first processing element that one
more slot is available in the downstream queue, thereby enabling the firs processing element to issue the next
transaction request. The second processing element notifies the first processing element to issue the
command to the input queue. See, e.g.:

Initialize SC Registers
400
Initialize Master Registers
410
End New Transaction request rom box 49
42 ["No 420 (Fig. 38)

Yes y

For read operation:
Is master buffer able to accept data?

For write operation: -
Is write data ready for transmission? Wait
42 oL 4%

yYes

Is master counter value =
total SCIQ size?
430

Transaction complete
message (S_REPLY)
receiveg ér[?m SC? |Ves

No Y Nog
Wait es Send transaction request to SC and
insert at head of SCIQ
= Decrement Master 440

Counter by 1
520 ¥
master counter by 1
450
v

If SCIQ for given master is nonempty, take the request at head!
of that SCI% and determine the £ecipien( slave for that request
452

(Fig. 38)
FIG. 3A

Van Loo ’485 at Figure 3A.
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from box 452
(Fig. 34)
s this a memory operation

oraslave ?«aﬁoﬂ?
454

o box 420
(Fig. 3A)

(Memory
operation)

s the recipient memory valid, given
ordering constraints?
456
T Ve
Wait untl memory 15| [ Read or write memory as required
ava and send S_REPLY
458 460

Deemine recipient slave for
ransaction

(Slave
operation)

s he recipi Vaid, given
ordering consiraints?
464

Wait until slave is valid
486

Yes

fthis s a slave writ ransaction: SC enables dalapath, whereupon masler
moves data through data crossbar to slave input quete, and SC sends
S-REPLY (o maseran slave)
17

Transacton TS SC counter value forrecipienl Save =
complete P_REQ queue of recipent siave?
message Yes 475
received fom o

slave?

Increment SC counter for recipient slave by 1
480

o
490
recipient slave =
TThis &  slave read request, then iiiate
read operation; when complete, slave sends
P_REPLY o SC and SC sends S_REPLY's ——
(to master and slave)
FIG. 3B 495

Van Loo ’485 at F;gure 3B.
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UPA master / 700 DataPath / 730 710 \ UPA slave
ey — e
-2-). Ypata _ (YData :: :'PREQ‘DQ
T N .+ INT_DQ
D: \ 800 \ 790 -Iji -
1 | @srery @s_repLy [T Sﬁo E‘
He R s Rery
- 770 @ 7'y 780 7y
. DPctrl «—
: _(3P_REPLY|
"""""" * T]scao T 760
QrRea | Llscar @PREQ\ 75
740 / = ————
810 '
820 <
I__‘ - datapath\ ;.45
System Controller \7p9 (230

Slave Read Flow Control

FIG. 6
Van Loo ’485 at Figure 6.

“The masters and the controller are prevented from issuing any transaction requests (or to initiate a write-data
transfer requests) downstream when the respective counter indicates that the corresponding request or data
queue downstream is full. When a transaction is complete (e.g. upon the receipt of requested data read or
consumption of write data by the slave), the relevant counter is decremented to indicate the availability of a
place in the transaction queue or write-data queue.” Van Loo ’485 at col. 3, 1. 7-15.

“Assuming the transaction request is issued in this example, then the SC 130 sends a signal to the master 110
to this effect (upon completion of the transaction, e.g. the transfer of data) and removes the transaction
request from its input queue 250 (upon sending of the reply). The master 110 accordingly decrements its
counter 310, which enables it to issue an additional pending transaction request. If the counter 310 was at its
maximum (indicating that the SCIQ 250 was full), the decrementation of the counter 310 allows room for a
single additional transaction request from the master 110 to the SC 130. If the counter 310 was not at its
maximum value, then the decrementation of the counter 310 simply adds one to the number of transaction
requests available to the master interface 110.” Van Loo ’485 at col. 9, 1. 33—46.
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“If the counter value has reached its maximum allowable value, then the transaction request will not be
passed on to the SC, and the method proceeds to box 500. In this case, the transaction request pending in the
master interface is required to wait (box 510) until a complete-transaction signal has been received from the
SC before it can be issued. In a preferred embodiment, this complete-transaction signal takes the form of an S.
-REPLY signal, discussed in detail below with respect to FIGS. 4-7.” Van Loo ’485 at col. 11, 1. 30-38.

“When this complete-transaction signal is received by the master interface 110 (box 500), the master interface
decrements the counter associated with that SCIQ (box 530) and proceeds to the step at box 440.

At box 440, the counter 320 is incremented by one, and at box 450 the transaction request is sent by the
master to the SC. Thus, the counter 320 now reflects the sending of one (or one additional) transaction
request.” Van Loo 485 at col. 11, 11. 39-46.

[1j] wherein said first processing Van Loo 485 teaches “wherein said first processing element receives notification from said at least one
element receives notification from | second processing element regarding issuing the command, issues said command to said input queue, and
said at least one second processing | receives a response corresponding to said command from said output queue,” including at least the following
element regarding issuing the exemplary citations.

command, issues said command to

said input queue, and receives a
response corresponding to said In the first example theory, Van Loo ’485 teaches wherein said first processing element receives notification

command from said output queue. | from said at least one second processing element regarding issuing the command, issues said command to
said input queue, and receives a response corresponding to said command from said output queue, by
disclosing, as non-limiting examples, the first processing element (e.g., a master device) receiving the
notification that the input queue has become available (e.g., a transaction—completion signal), issuing a
transaction request to the input queue, and receiving a transaction—completion signal ora S REPLY. The
first processing element receives the notification, issues the command, and receives a corresponding response
from the output queue.

Van Loo 485 supports at least two example theories for invalidity.

In the second example theory, Van Loo ’485 teaches wherein said first processing element receives
notification from said at least one second processing element regarding issuing the command, issues said
command to said input queue, and receives a response corresponding to said command from said output
queue, by disclosing, as non-limiting examples, the first processing element (e.g., a system controller)
receiving the notification that the input queue has become available (e.g., via receipt of a transaction request),
issuing a transaction request to the input queue, and receiving a transaction—completion signal ora S REPLY.
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The first processing element receives the notification, issues the command, and receives a corresponding
response from the output queue. See, e.g.:

\
Toge E[ Data_, |
112

QUEUE i
290\ RE_,'_S'E'
Counter
310
Master 2 125\ /]
1z t
T ata D
L1 e[|
VASTER [Gonfg DataPath 20 Mg
QUEUE | Register Control
200\ 760
SCLOGIC scoQ
Counter 25 20| |«
320
Counter
T
scla
~ 260 RConﬁg
i - egister
SCIDZ%gglsler 200
SCOQ
SCIQ P —
250 210

SCID Register
" &

System Controller
/ 1/0 Devices &
100 Memory
9%
FIG. 2

Van Loo ’485 at Figure 2.
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Initialize SC Registers
400
Initialize Master Registers
410

End New Transaction request ‘from box 49
2 % 420 (Fig. 38)
Yes
For read operation:
Is master buffer able to accept data?
For write operation: -
Is write data reng for transmission? \i\l;ét
424 oL 22
yes
Transaction complete -
message (S_REPLY) Is master gg‘]’a‘g{z‘g’”e
received from SC?  [yoo 430 !
No_ Yes Noy - Cand
Wait e Send transaction request to SC an
insert at head of SCIQ
Decrement Master 440

Counter by 1
520 v
master counter by 1
450

If SCIQ for given master is nonempty, take the request at head
of that SC|8 and determine the recipient slave for that request
452

to box 454
(Fig. 38)

FIG. 3A

Van Loo ’485 at Figure 3A.
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from box 452
(Fig. 34)
s this a memory operation

oraslave ?«aﬁoﬂ?
454

o box 420
(Fig. 3A)

(Memory
operation)

s the recipient memory valid, given
ordering constraints?
456
T Ve
Wait untl memory 15| [ Read or write memory as required
ava and send S_REPLY
458 460

Deemine recipient slave for
ransaction

(Slave
operation)

s he recipi Vaid, given
ordering consiraints?
464

Wait until slave is valid
486

Yes

fthis s a slave writ ransaction: SC enables dalapath, whereupon masler
moves data through data crossbar to slave input quete, and SC sends
S-REPLY (o maseran slave)
17

Transacton TS SC counter value forrecipienl Save =
complete P_REQ queue of recipent siave?
message Yes 475
received fom o

slave?

Increment SC counter for recipient slave by 1
480

o
490
recipient slave =
TThis &  slave read request, then iiiate
read operation; when complete, slave sends
P_REPLY o SC and SC sends S_REPLY's ——
(to master and slave)
FIG. 3B 495

Van Loo ’485 at F;gure 3B.
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UPA master / 700 DataPath / 730 710 \ UPA slave
ey — e
-2-). Ypata _ (YData :: :'PREQ‘DQ
T N .+ INT_DQ
D: \ 800 \ 790 -Iji -
1 | @srery @s_repLy [T Sﬁo E‘
He R s Rery
- 770 @ X 760 7y
. DPctrl «—
: _(3P_REPLY|
"""""" * T]scao T 760
QrRea | Llscar @PREQ\ 75
740 / = ————
810 ~ Counter 1!
820 <
I__‘ - datapath\ ;.45
System Controller \7p9 (230

Slave Read Flow Control

FIG. 6
Van Loo ’485 at Figure 6.

“For the purposes of this invention, a "transaction" may be defined as a request packet issued by a master,
followed by an acknowledgment packet (not necessarily a full packet, depending upon the chosen
implementation) from the recipient immediately downstream. There may or may not be a data transfer
accompanying a request packet, and the data transfer may either occur on the same set of wires as the request
packet, or on separate datapath wires. This is described in greater detail below in connection with FIGS. 4-7.”
Van Loo ’485 at col. 4, 11. 50-59.

“Assuming the transaction request is issued in this example, then the SC 130 sends a signal to the master 110
to this effect (upon completion of the transaction, e.g. the transfer of data) and removes the transaction
request from its input queue 250 (upon sending of the reply). The master 110 accordingly decrements its
counter 310, which enables it to issue an additional pending transaction request. If the counter 310 was at its
maximum (indicating that the SCIQ 250 was full), the decrementation of the counter 310 allows room for a
single additional transaction request from the master 110 to the SC 130. If the counter 310 was not at its
maximum value, then the decrementation of the counter 310 simply adds one to the number of transaction
requests available to the master interface 110.” Van Loo ’485 at col. 9, 1. 33—46.
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“At box 420, it is determined whether a new transaction request is pending in one of the masters, e.g. the
master 120.” Van Loo ’485 at col. 10, 11. 67-68.

“When this complete-transaction signal is received by the master interface 110 (box 500), the master interface
decrements the counter associated with that SCIQ (box 530) and proceeds to the step at box 440.

At box 440, the counter 320 is incremented by one, and at box 450 the transaction request is sent by the
master to the SC. Thus, the counter 320 now reflects the sending of one (or one additional) transaction
request.” Van Loo ’485 at col. 11, 11. 39—46.

“FIG. 6: read operation from a device other than memory;” Van Loo 485 at col. 13, 1. 21.
“Memory Read Requests: FIG. 4

This read request example assumes that data is coming from memory, and not, e.g., from a cache. Snoop
operations on the snoopbus shown in FIG. 4 are not in consideration here.

Event 1: When a UPA master port such as post 630 has a read-from-memory transaction ready, and the
master counter is not at its allowed maximum (see box 430 in FIGS. 3A-3B), the read transaction is issued on
the UPA.. Addressbus from UPA port 630 to the system controller 650. This is indicate by the event 1 (P--
REQ) along the UPA.. Addressbus 660 in FIG. 4, with the direction of the information indicated by the arrow,
1.e. from the port to the SC.

Event 2: The memory cycle i.e. RAS (read-address-strobe)/CAS (column-address-strobe) request issuance! is
issued over memory control bus 670 to the memory banks 610 . . . 620. See vent 2 ("RAS/CAS") along bus
670.

Event 3: The datapath is scheduled by a signal along the datapath control bus 680, and data items are
accordingly delivered from memory to the datapath crossbar 625 via a memory databus 690 and UPA databus
700. This fulfills the read request.” Van Loo *485 at col. 14, 11. 4-25.

“Slave Read Requests: FIG. 6

FIG. 6 illustrates a read sequence to a slave device other than memory, and is similar to FIG. 2, but for this
example a single master interface 710 and a single slave interface 720 are used, coupled by a system
controller 720 and a datapath crossbar 730.

Event 1 indicates the issuance of a read request P.. REQ on UPA address bus 740 to SC 720.
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In event 2, the SC 720 sends the P.- REQ on bus 750 to the slave interface 710. To do this, if there are several
slave interfaces, the SC must first decode the address to ensure that the P.. REQ goes to the correct slave
interface. Event 2 informs the slave interface to prepare the data to move through the datapath.

When the data items are ready, then event 3 takes place, namely the sending of a P.. REPLY from the slave
710 to the SC 720 over bus 760.

In event 4, a series of steps are executed to cause the master interface to receive the data: SC 720 schedules
the datapath 730, and issues an S.. REPLY over bus 770 to the master interface 700. In addition, the SC issues
the S.- REPLY over bus 780 to the slave 710, to drive the data, when it is ready, on the slave's UPA databus
790 via the datapath and over the databus 800 to the master interface 700.” Van Loo ’485 at col. 14, 1. 49 —
col. 15, 1. 6.

2. The system of claim 1, wherein
said input queue is a first-in-first-
out (FIFO) buffer.

Van Loo ’485 teaches “[t]he system of claim 1, wherein said input queue is a first-in-first-out (FIFO) buffer,”
including at least the following exemplary citations.

For example, Van Loo ’485 teaches wherein said input queue is a first-in-first-out (FIFO) buffer, by
disclosing, as non-limiting examples, a slave device executes transaction requests in the order the transactions
requests are received at the input queue. See, e.g.:
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Van Loo ’485 at Figure 2.
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Slave Read Flow Control

FIG. 6
Van Loo ’485 at Figure 6.

“The SC is provided with intelligence and/or logic (hardware and/or software) to determine whether it has a
transaction request pending in its request receive queue (such as SCIQ's 250 and 260). If so, then at box 452
the transaction request at the head of the queue is examined to determine which slave is intended as the
recipient for the request. This queue control and recipient determination is carried out in a conventional
manner.” Van Loo 485 at col. 11, 11. 55-62.

“As arule, in this operation the order of reception of the transaction requests will be the order of reply by the
slave interfaces.” Van Loo 485 at col. 13, 11. 55-57.

3. The system of claim 1, wherein | Van Loo 485 teaches “[t]he system of claim 1, wherein said system is part of a storage area network (SAN)
said system is part of a storage controller,” including at least the following exemplary citations.

area network (SAN) controller. For example, Van Loo 485 teaches wherein said system is part of a storage area network (SAN) controller,

by disclosing, as non-limiting examples, the first processing element (e.g., a master device, or a system
controller) and the second processing element (e.g., a system controller, or a master device) controlling

Page 71 of 123

IPR2025-00486
Concurrent Ventures LLC, XtreamEdge Inc. EX2036



Exhibit 596-17

Claim Language Exemplary Evidence of Anticipation and/or Obviousness

downstream slave devices including storages like RAMs, ROMs, or disk drives. The first processing element,
the second processing elements, and the input and output queues are used in a SAN controller. See, e.g.:

“One or more conventional memories or other data storage devices 85 and one or more input/output (I/O)
devices 95 forming part of the system 10 are provided for user interface, data output, etc.; these various slave
devices may include RAM, ROM, disk drives, monitors, keyboards, track balls, printers, etc. They are
coupled into the interconnect module 25 via the slave interfaces 80. The "slave" designation means in this
case only that such devices accept requests from one or more processors and fulfill those requests.” Van Loo
"485 at col. 5, 11. 20-28.

“The interconnection network may in general take the form of a number of different standard communication
topologies that interconnect masters and slaves, such as a point-to-point link, a single bus or multiple buses,
or switching fabrics. The interconnect may employ any of a number of conventional mechanisms for
switching the transaction request to a slave using one or more signal paths, and the switching may be based
either on the addressing information contained in the transaction request packet, or on another protocol not
necessarily dependent on the contents of the request packet. There may be any amount of buffering, or no
buffering, in the interconnect.” Van Loo ’485 at col. 5, 1. 30—41.

4. The system of claim 1, wherein | Van Loo ’485 teaches “[t]he system of claim 1, wherein said system is part of a network attached storage
said system is part of a network (NAS) controller,” including at least the following exemplary citations.

attached storage (NAS) controller. For example, Van Loo 485 teaches wherein said system is part of a network attached storage (NAS)

controller, by disclosing, as non-limiting examples, the first processing element (e.g., a master device, or a
system controller) and the second processing element (e.g., a system controller, or a master device)
controlling downstream slave devices including storages like RAMs, ROMs, or disk drives. The first
processing element, the second processing elements, and the input and output queues are used in a NAS
controller. See, e.g.:

“One or more conventional memories or other data storage devices 85 and one or more input/output (I/O)
devices 95 forming part of the system 10 are provided for user interface, data output, etc.; these various slave
devices may include RAM, ROM, disk drives, monitors, keyboards, track balls, printers, etc. They are
coupled into the interconnect module 25 via the slave interfaces 80. The "slave" designation means in this
case only that such devices accept requests from one or more processors and fulfill those requests.” Van Loo
’485 at col. 5, 11. 20-28.
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“The interconnection network may in general take the form of a number of different standard communication
topologies that interconnect masters and slaves, such as a point-to-point link, a single bus or multiple buses,
or switching fabrics. The interconnect may employ any of a number of conventional mechanisms for
switching the transaction request to a slave using one or more signal paths, and the switching may be based
either on the addressing information contained in the transaction request packet, or on another protocol not
necessarily dependent on the contents of the request packet. There may be any amount of buffering, or no
buffering, in the interconnect.” Van Loo ’485 at col. 5, 1. 30—41.

5. The system of claim 1, wherein
said stored value is decremented
by a predefined value prior to
returning said stored value to said
at least one second processing
element.

Van Loo ’485 teaches “[t]he system of claim 1, wherein said stored value is decremented by a predefined
value prior to returning said stored value to said at least one second processing element,” including at least the
following exemplary citations.

Van Loo 485 supports at least two example theories for invalidity.

In the first example theory, Van Loo ’485 teaches wherein said stored value is decremented by a predefined
value prior to returning said stored value to said at least one second processing element by disclosing, as non-
limiting examples, a counter on a system controller incrementing its value by a predefined value (e.g., 1) prior
to returning said stored value to said at least one second processing element. A counter on a system controller
decrements the stored value by a predefined value.

In the second example theory, Van Loo ’485 teaches wherein said stored value is decremented by a
predefined value prior to returning said stored value to said at least one second processing element by
disclosing, as non-limiting examples, a master counter incrementing its value by a predefined value (e.g., 1)
prior to returning said stored value to said at least one second processing element. A master counter
decrements the stored value by a predefined value. See, e.g.:

Page 73 of 123

IPR2025-00486
Concurrent Ventures LLC, XtreamEdge Inc. EX2036



Exhibit 596-17

Claim Language

Exemplary Evidence of Anticipation and/or Obviousness

Initialize SC Registers
400
Initialize Master Registers
410
New Transaction request ‘from box 49
No 420 (Fig. 38)

Yes

For read operation:
Is master buffer able to accept data?

For write operation: -
Is write data ready for transmission? Wait
424 g M)
yes
Is master counter value =

Transaction complete

message (S_REPLY) b
received fiom SC? [¥gg total SCIQ size?
No_ Yes Noy d
i S Send transaction request to SC an
\gvf (I)t insert at head of SCIQ
] Decrement Master| 440
Counter by 1 —
520 v

master counter by 1
450

If SCIQ for given master is nonempty, take the request at head
of that SCI% and determine the recipient slave for that request
452

to box 454
(Fig. 3B)

FIG. 3A

Van Loo ’485 at Figure 3A.

“The masters and the controller are prevented from issuing any transaction requests (or to initiate a write-data
transfer requests) downstream when the respective counter indicates that the corresponding request or data
queue downstream is full. When a transaction is complete (e.g. upon the receipt of requested data read or
consumption of write data by the slave), the relevant counter is decremented to indicate the availability of a
place in the transaction queue or write-data queue.” Van Loo ’485 at col. 3, 1. 7-15.

“When a master, e.g. master interface 110, has a transaction request to issue, it first compares the value in its
counter 310 with the value in the config register 270. If the counter value is less than the config register value,
then the request may be issued. The request is sent from the master's output queue 290 to the SCIQ 250, and
the counter 310 is incremented by one.” Van Loo 485 at col. 9, 11. 12—18.

“The SC 130 then determines to which of the two slaves 140 and 150 the transaction request is destined, and
checks the counter for that queue. For instance, if slave 140 is the destination for the transaction request, then
the SC 130 checks the counter 210 and compares the value stored there with the value in the config register
200 corresponding to the ID register 180. If the counter 230 value is less than the value stored in the config
register, then the SC 130 issues the transaction request and increments the counter 230. Otherwise, the
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transaction request is maintained in the output queue 210. (In some transactions related to ordering constraints
for transactions for different requests from the same master, it may be desirable to leave the request in the
SCIQ 250.)” Van Loo ’485 at col. 9, 11. 19-32.

“Assuming the transaction request is issued in this example, then the SC 130 sends a signal to the master 110
to this effect (upon completion of the transaction, e.g. the transfer of data) and removes the transaction
request from its input queue 250 (upon sending of the reply). The master 110 accordingly decrements its
counter 310, which enables it to issue an additional pending transaction request. If the counter 310 was at its
maximum (indicating that the SCIQ 250 was full), the decrementation of the counter 310 allows room for a
single additional transaction request from the master 110 to the SC 130. If the counter 310 was not at its
maximum value, then the decrementation of the counter 310 simply adds one to the number of transaction
requests available to the master interface 110.” Van Loo ’485 at col. 9, 1. 33—46.

“Since at start-up the config registers 200 fields and the config registers 270-280 must allow at least one
transaction apiece (to read their corresponding ID registers 180-190 and 250-260, respectively), they are
initialized to a value of "1" to begin with, to "bootstrap" the start-up. Then, when the read-ID-registers
transaction requests are issued, and the counters are decremented, the requests will be allowed. (If the config
registers were all at 0, no transactions would be allowed.) Upon the reading of the respective ID registers, the
config register values are replaced with the correct values, i.e. the actual sizes of their associated ID
registers.” Van Loo ’485 at col. 10, 11. 56—66.

“When this complete-transaction signal is received by the master interface 110 (box 500), the master interface
decrements the counter associated with that SCIQ (box 530) and proceeds to the step at box 440.

At box 440, the counter 320 is incremented by one, and at box 450 the transaction request is sent by the
master to the SC. Thus, the counter 320 now reflects the sending of one (or one additional) transaction
request.” Van Loo ’485 at col. 11, 11. 39-46.

“At box 475, the SC 130 then checks the counter for the recipient slave, e.g. counter 240 if slave 150 is the
destination for the pending transaction request. If the counter equals or exceeds the value in the config
register (i.e. the size indicated by the ID register 180 or 190, which were read at initialization), then the
request is not yet allowed. In this case, then steps 530-550 are followed (essentially identical to steps 500-
520), until a free line opens up in the destination slave queue to receive the transaction request.
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If the appropriate counter (230 or 240) has not reached its maximum allowed value, then it is incremented by
one (box 480), and the transaction request is sent to the recipient slave (box 490).” Van Loo 485 at col. 12, 11.
50-62.

“In general in FIGS. 4-7, the order of events is indicated by the circled event numerals 1, 2, 3 and 4 (with
accompanying arrows indicating the direction of data or signal flow), as the case may be for each figure. With
the exception of the fact that the memories in FIGS. 4 and 5 do not include the slave queues and ID register of
the slaves shown in FIG. 2, the following description of data flow with respect to FIGS. 4-7 should be
understood to include the steps described with respect transaction request control (see FIGS. 3A-3B). Thus,
for each request issued, the appropriate counter consultation, incrementation and decrementation is carried out
to determine that the request is sent at an appropriate time. The respective queues are also handled as
appropriate.” Van Loo ’485 at col. 13, 1. 58 —col. 14, 1. 3.

6. The system of claim 1, wherein
at least one third processing
element executes said command
and notifies said output queue to
issue said response.

Van Loo ’485 teaches “[t]he system of claim 1, wherein at least one third processing element executes said
command and notifies said output queue to issue said response,” including at least the following exemplary
citations.

For example, Van Loo ’485 teaches wherein at least one third processing element executes said command
and notifies said output queue to issue said response, by disclosing, as non-limiting examples, a slave device
executing the transaction request and send a result (e.g., a transaction—completion signal ora S REPLY) to
the output queue. A slave device executes the command and notifies the output queue to issue a response.
See, e.g..

“This invention describes a link-by-link flow control method for packet-switched uniprocessor and
multiprocessor computer systems that maximizes system resource utilization and throughput, and minimizes
system latency. The computer system comprises one or more master interfaces, one or more slave interfaces,
and an interconnect system controller which provides dedicated transaction request queues for each master
interface and controls the forwarding of transactions to each slave interface. The master interface keeps track
of the number of requests in the dedicated queue in the system controller, and the system controller keeps
track of the number of requests in each slave interface queue. Both the master interface, and system controller
know the maximum capacity of the queue immediately downstream from it, and does not issue more
transaction requests than what the downstream queue can accommodate. An acknowledgment from the
downstream queue indicates to the sender that there is space in it for another transaction. Thus no system
resources are wasted trying to send a request to a queue that is already full.” Van Loo ’485 at Abstract.
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FIG. 1
Van Loo ’485 at Figure 1.
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FIG. 1A

Van Loo ’485 at Figure 1A.
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FIG. 2

Van Loo ’485 at Figure 2.
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FIG. 4
Van Loo ’485 at Figure 4.
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Van Loo ’485 at Figure 5.
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FIG. 6
Van Loo ’485 at Figure 6.

“The present invention uses a new system interconnect architecture and concomitant new methods for
utilizing the interconnect to control transaction requests and data flow between master devices and slave or
memory devices.

In FIG. 1, the system 10 includes a UPA module 20 and an interconnect network or module 25, which in
different embodiments of the invention may or may not be connected to the data path. The UPA module may
include such devices as a processor 30, a graphics unit 40, and an I/O unit 50. Other units may be included,
and act as the master units for the purposes of the present invention. A master interface is defined as the
interface for any entity initiating transaction requests; examples of such masters are a CPU making memory
requests, or an I/O channel and bridges making DMA requests.” Van Loo 485 at col. 4, 11. 27-41.

“In general, in this application a master is exemplified by a processor. However, a master may be any
transaction-requesting device, whether or not it includes a microprocessor. Similarly, a "slave" refers herein
to any device that can accept a transaction request, including both memory and non-memory devices, etc., and
including devices such as processors and I/O controllers that may themselves act as masters.” Van Loo *485
at col. 4, 11. 42-49.
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“For the purposes of this invention, a "transaction" may be defined as a request packet issued by a master,
followed by an acknowledgment packet (not necessarily a full packet, depending upon the chosen
implementation) from the recipient immediately downstream. There may or may not be a data transfer
accompanying a request packet, and the data transfer may either occur on the same set of wires as the request
packet, or on separate datapath wires. This is described in greater detail below in connection with FIGS. 4-7.”
Van Loo ’485 at col. 4, 11. 50-59.

“One or more conventional memories or other data storage devices 85 and one or more input/output (I/O)
devices 95 forming part of the system 10 are provided for user interface, data output, etc.; these various slave
devices may include RAM, ROM, disk drives, monitors, keyboards, track balls, printers, etc. They are
coupled into the interconnect module 25 via the slave interfaces 80. The "slave" designation means in this
case only that such devices accept requests from one or more processors and fulfill those requests.” Van Loo
"485 at col. 5, 11. 20-28.

“FIG. 1A shows a more generalized block diagram of a system according to the invention. Here, there are
multiple masters (three exemplary masters M1-M3 being shown). These masters may act in certain
circumstances as slaves. For instance, if M1 is a processor and M3 is an I/O controller, then M3 will often act
as a slave to M1, as in the initialization procedure described below. On the other hand, during a DMA (direct
memory access) operation, the I/O controller M3 will act as a master to a memory device, such as any of one
to many of memories represented as M1 ... M2 in FIG. 1A.” Van Loo ’485 at col. 5, 1. 50-60.

“Slave devices S1 ... S2 (which may be one, several or many slave devices) are also provided, and the
masters, memories and slaves are coupled via a system controller 75 in the same fashion as the system
controller 70 is coupled to the master and slave(s) in FIG. 1. The SC 75 is coupled via a datapath control bus
77 to a datapath crossbar (or interconnect) 92, as with the datapath crossbar 90 in FIG. 1.” Van Loo ’485 at
col. 5, 11. 61-67.

“FIG. 2 illustrates an interconnect module 100 in a specific implementation where two master interfaces (or
"masters") 110 and 120, a single system controller (SC) 130, two slaves interfaces (or "slaves") 140 and 150,
and a datapath crossbar 155 are used. There may in principle any number of masters and slaves. The masters
may be any of the interfaces discussed above, or in general any devices or entities capable of issuing
transaction requests.” Van Loo 485 at col. 6, 11. 24-31.
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“In FIG. 2 the slaves 140 and 150 may be any of the slave devices described above with respect to slave 80 in
FIG. 1, and in particular slaves 140 and 150 may represent any number of memory or non-memory slave
devices.” Van Loo ’485 at col. 6, 11. 49-52.

“If the pending transaction is a slave read request then at this point (box 495) the read operation is initiated.
When it is complete, the slave sends a P.. REPLY to the SC, and the SC sends S.-. REPLY's to both the
requesting master and the recipient slave. See the discussion below relating to FIG. 6 below for details about
the transaction and data flow for slave read requests.” Van Loo *485 at col. 12, 1. 63 —col. 13, 1. 2.

“Memory Read Requests: FIG. 4

This read request example assumes that data is coming from memory, and not, e.g., from a cache. Snoop
operations on the snoopbus shown in FIG. 4 are not in consideration here.

Event 1: When a UPA master port such as post 630 has a read-from-memory transaction ready, and the
master counter is not at its allowed maximum (see box 430 in FIGS. 3A-3B), the read transaction is issued on
the UPA.. Addressbus from UPA port 630 to the system controller 650. This is indicate by the event 1 (P..
REQ) along the UPA.. Addressbus 660 in FIG. 4, with the direction of the information indicated by the arrow,
i.e. from the port to the SC.

Event 2: The memory cycle i.e. RAS (read-address-strobe)/CAS (column-address-strobe) request issuance! is
issued over memory control bus 670 to the memory banks 610 . . . 620. See vent 2 ("RAS/CAS") along bus
670.

Event 3: The datapath is scheduled by a signal along the datapath control bus 680, and data items are
accordingly delivered from memory to the datapath crossbar 625 via a memory databus 690 and UPA databus
700. This fulfills the read request.” Van Loo ’485 at col. 14, 11. 4-25.

“Slave Read Requests: FIG. 6

FIG. 6 illustrates a read sequence to a slave device other than memory, and is similar to FIG. 2, but for this
example a single master interface 710 and a single slave interface 720 are used, coupled by a system
controller 720 and a datapath crossbar 730.

Event 1 indicates the issuance of a read request P.. REQ on UPA address bus 740 to SC 720.
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In event 2, the SC 720 sends the P.- REQ on bus 750 to the slave interface 710. To do this, if there are several
slave interfaces, the SC must first decode the address to ensure that the P.. REQ goes to the correct slave
interface. Event 2 informs the slave interface to prepare the data to move through the datapath.

When the data items are ready, then event 3 takes place, namely the sending of a P.. REPLY from the slave
710 to the SC 720 over bus 760.

In event 4, a series of steps are executed to cause the master interface to receive the data: SC 720 schedules
the datapath 730, and issues an S.. REPLY over bus 770 to the master interface 700. In addition, the SC issues
the S.- REPLY over bus 780 to the slave 710, to drive the data, when it is ready, on the slave's UPA databus
790 via the datapath and over the databus 800 to the master interface 700.” Van Loo ’485 at col. 14, 1. 49 —
col. 15, 1. 6.

[7pre] A system for dividing and
synchronizing a processing task
across a plurality of processing
elements comprising:

Van Loo 485 teaches “[a] system for dividing and synchronizing a processing task across a plurality of
processing elements,” including at least the following exemplary citations.

See above at row [1pre].

[7a] an input queue implemented
in hardware;

Van Loo ’485 teaches “an input queue implemented in hardware,” including at least the following exemplary
citations.

See above at row [1a].

[7b] an output queue implemented
in hardware;

Van Loo 485 teaches “an output queue implemented in hardware,” including at least the following
exemplary citations.

See above at row [1b].

[7c] a first processing element
having access to said input queue
and said output queue;

Van Loo ’485 teaches “a first processing element having access to said input queue and said output queue,”
including at least the following exemplary citations.

See above at row [1c].
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[7d] at least one second processing | Van Loo ’485 teaches “at least one second processing element in communication with said input queue,”
element in communication with including at least the following exemplary citations.

said input queue; For example, Van Loo ’485 teaches at least one second processing element in communication with said input

queue, by disclosing, as non-limiting examples, a system controller interacting with the input queue. A
system controller, the second processing element is in communication with the input queue. See, e.g.:

“This invention describes a link-by-link flow control method for packet-switched uniprocessor and
multiprocessor computer systems that maximizes system resource utilization and throughput, and minimizes
system latency. The computer system comprises one or more master interfaces, one or more slave interfaces,
and an interconnect system controller which provides dedicated transaction request queues for each master
interface and controls the forwarding of transactions to each slave interface. The master interface keeps track
of the number of requests in the dedicated queue in the system controller, and the system controller keeps
track of the number of requests in each slave interface queue. Both the master interface, and system controller
know the maximum capacity of the queue immediately downstream from it, and does not issue more
transaction requests than what the downstream queue can accommodate. An acknowledgment from the
downstream queue indicates to the sender that there is space in it for another transaction. Thus no system
resources are wasted trying to send a request to a queue that is already full.” Van Loo ’485 at Abstract.
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|
UPA MODULE | INTERCONNECT
20 I 25
o | | DetaPat Merory
Processor | | P Crossbar
0 |1 A ' 20
— | Addr/Control
Graphics P [® I _ | Slave(s)
ﬂ : 0 | - m
o | 7 | ><
50 | [
| 80 : I0 %%vices
' T_ System
' _| Controller
L
10/

FIG. 1
Van Loo ’485 at Figure 1.
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1| Aletrd-7
y Memory Mem1| A
|
Alctrl-1 Master M1 ] D1 [ DataPath '
(can act as Slave) "| Crossbar |
-6
] Master M2 |, D2 % :D5= Memory Mem2) Al
(can act as Slave) i
T
Alctrl-2
I >< D6 S1 | Alctr-5
| > Slave <
| T
( MasterS | M:§ < D3 > }
can act as Slave) " poot \|:
PROM D7 52| Alctr4
Alctri-3 D4 94 96 Slave
3 3 DataPath Control
System Controller
75
FIG. 1A

Van Loo ’485 at Figure 1A.
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e b |10
Togic Data_| ‘_.185/ &l‘ae‘fe
112

VASTER [Confi D
ZgéjEUE Register P
\ 210 DataPath —M
t‘ Counter 155 YRR
310 ez | O

15
Data Slave

qdzasleﬂ 125\ [—»{195 /| Queue
— ata D
(L e[|

v i
VASTER [Gonfig DataPath 2 70
QUEUE | Regstor Control
300\ | "G

SCLOGC|  scOa
CoErBler 25 20| ||«

Counter
240
scia
~ 20 [Canfg
"| rScTO Register | Register
%
$coQ
scia || e———
G, 210

Counter
SCIDzbgzglswr 20
System Conlroller

System Controller

=3
3

/ 1/0 Devices &
100 Memory
9%

FIG. 2

Van Loo ’485 at Figure 2.
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700
UPA port, UPA_Databus -—
& @ ﬂ @ oeta Memory Bank,
g MOLT Da |
e S_REPLY 0
H Datapath
Crossb A
: prerly | 2 | T A
4 Addr_Valid 4 625
: Data_Stall | |35
ECC_Valid =
Arb_Cntr = [ Memory Bank,_,
N Port_ID S 620
H Sys_Ck ==
v | upAport,, Y
H 640
> &0 % /eeo 2 /67(]
H = S
: O% 2
s €
8
System Controlk
Ly stem . ntroller
Address Crossbar
&0 Memory Control
. Coherence/Memory/
H Datapath Control
{srootus ¥- o (o) @omgcans
o0 / Memory Read Flow Control
FIG. 4
Van Loo ’485 at Figure 4.
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70
UPApor, |, UPA Databus (| .
& @ E‘ﬁ @ o Memory Bank,
(1|, 0% voma|
g s TERLY 60
H [€) Datapath
PrREPLY | |3 Crosstar e
H addrvaid | | € 625
H Data_Stall 3
R ECC_Vald ]
' Arb_Cntrl = Memory Bank__,
: potD | |5 620
Sys_Ck =
+ | UPAport,
e ”
: \sso ]
. 2| ,680 | 670
1 [ Dtag | @2 / s /
: 3 2
s ©]
s L
T £ System Controller
8 > &
3 \_’ :IZ_:'ress Crossbar
&0 Memory Control
. Coherence/Memory/
H Datapath Control
smopts *m ______ —m ____________ +Dig Contl
o0 / Memory Write Flow Control
FIG. 5
Van Loo ’485 at Figure 5.
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UPA master / 700 DataPath / 730 710 \ UPA slave
“r- P — -re,
Ll @ Data ¢ Data - ': :'PREQ‘DQ
D: \ 800 \ 790 .LJNT.DQ
(L
— —
¢ | @sreny ®s_repLy [FE? Sﬁo E‘
e = =
- 770 @ 7y 780 x
’ DPctrl -—
: _(3P_REPLY|
treeeee- * T]scao T \750
> T]sciat (2PREQ
o/ QP52 L f———— —
810 '
820 <
I__‘ - datapath\ ;.45
System Controller \7p9 (230

Slave Read Flow Control

FIG. 6
Van Loo ’485 at Figure 6.

“The present invention employs a method and apparatus for determining the total queue sizes of all the
queues in the system at initialization time, and for permitting a master (e.g. a processor) to send a number of
transaction requests only to the extent of that total. The system of the invention classifies system interconnect
queues as request queues, read-data queues, and write-data queues, and determines rules of transfer of both
requests and data as loosely coupled events. An interconnect (system) controller is connected between one or
more masters (e.g. microprocessors) and the slave devices, which may be I/O units, disk drives, memory, etc.
The interconnect controller includes a queue for each master, and each master includes a transaction counter
indicating the number of outstanding transaction requests from that master to the controller. The interconnect
controller additionally includes both request and write data queues for each downstream slave, and a
transaction counter indicating the number of outstanding requests from the controller to that slave and the
outstanding write data transfers from some master to that slave.” Van Loo ’485 at col. 2, 1. 54 - col. 3, L. 6.

“The present invention uses a new system interconnect architecture and concomitant new methods for
utilizing the interconnect to control transaction requests and data flow between master devices and slave or
memory devices.
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In FIG. 1, the system 10 includes a UPA module 20 and an interconnect network or module 25, which in
different embodiments of the invention may or may not be connected to the data path. The UPA module may
include such devices as a processor 30, a graphics unit 40, and an I/O unit 50. Other units may be included,
and act as the master units for the purposes of the present invention. A master interface is defined as the
interface for any entity initiating transaction requests; examples of such masters are a CPU making memory
requests, or an I/O channel and bridges making DMA requests.” Van Loo ’485 at col. 4, 11. 27-41.

“In general, in this application a master is exemplified by a processor. However, a master may be any
transaction-requesting device, whether or not it includes a microprocessor. Similarly, a "slave" refers herein
to any device that can accept a transaction request, including both memory and non-memory devices, etc., and
including devices such as processors and I/O controllers that may themselves act as masters.” Van Loo ’485
at col. 4, 11. 42-49.

“In a preferred embodiment, the system controller 70 and UPA interface 60 are carried on the main processor
chip, and the slave interface is on the motherboard, though many variations are possible. More generally, each
master (whether a processor or some other device) has a UPA master interface, and each slave includes a
UPA slave interface. The system controller in each case resides with the system.” Van Loo ’485 at col. 5, 11.
4-11.

“A datapath crossbar 90 is also included in the interconnect module 25, and is coupled to the slave
interface(s), the system controller 70, and the ports 60. The datapath crossbar may be s simple bus or may be
a more complicated crossbar. (The UPA ports 60 may be configured as part of either the UPA module 20 or
the interconnect module 25.) The datapath unit 90 is used to transmit read and write data in a manner to be
described below.” Van Loo ’485 at col. 5, 11. 12—19.

“FIG. 1A shows a more generalized block diagram of a system according to the invention. Here, there are
multiple masters (three exemplary masters M1-M3 being shown). These masters may act in certain
circumstances as slaves. For instance, if M1 is a processor and M3 is an I/O controller, then M3 will often act
as a slave to M1, as in the initialization procedure described below. On the other hand, during a DMA (direct
memory access) operation, the I/O controller M3 will act as a master to a memory device, such as any of one
to many of memories represented as M1 ... M2 in FIG. 1A.” Van Loo ’485 at col. 5, 11. 50-60.

“FIG. 2 illustrates an interconnect module 100 in a specific implementation where two master interfaces (or
"masters") 110 and 120, a single system controller (SC) 130, two slaves interfaces (or "slaves") 140 and 150,
and a datapath crossbar 155 are used. There may in principle any number of masters and slaves. The masters
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may be any of the interfaces discussed above, or in general any devices or entities capable of issuing
transaction requests.” Van Loo 485 at col. 6, 11. 24-31.

“Each slave 140 and 150 includes a slave queue (160 and 170, respectively) for receiving transaction
requests. The maximum sizes of these slave queues are represented by values in port ID registers 180 and
190, respectively.” Van Loo 485 at col. 6, 11. 32-35.

“Masters 110 and 120 include data queues or buffers 115 and 125, and slaves 140 and 150 include data
queues or buffers 185 and 195, whose functions are described in detail relative to FIGS. 6 and 7 below. The
maximum sizes of the slave write data queues 185 and 195 are also represented by values in port ID registers
180 and 190, respectively. In the special case where there is a one-to-one correspondence to a request queue
entry (e.g. 100) and a data buffer in the write data queue (e.g. 185), with the write data queue being
maximally dimensioned to hold an entire packet (i.e. dimensioned such that it can hold the largest

contemplated packet size), then the queue size in 180 can be represented by a single number.” Van Loo 485
at col. 6, 11. 36-48.

“6. A method for controlling transaction flow in a computer system including at least one master device, at
least one slave device, and a system interconnect connected between the master and slave devices, the
interconnect comprising a circuit separate from said master device and having at least one interconnect
request queue coupled to each said master device and each said slave device including at least one slave
request queue coupled to said system interconnect, the method including the steps of:

(1) transmitting a first transaction request from a first said master device to a first said system interconnect;

(2) receiving the first transaction request in a first said interconnect receive queue of said first system
interconnect;

(3) determining a recipient slave device for said first transaction request;

(4) determining whether the recipient slave request queue of the recipient slave device is available to accept
said first transaction request, and if so, forwarding said first transaction request to said recipient slave request
queue;

(5) receiving said first transaction request at said recipient slave request queue;

(6) executing said first transaction request by said recipient slave device;
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(7) notifying the system interconnect, by the slave device, that said first transaction request has been
executed.” Van Loo 485 at col. 17, 11. 33-60.

[7e] a reservation register
implemented in hardware storing a
value indicative of available space
in said input queue, said
reservation register accessible by
both said first processing element
and said at least one second
processing element;

Van Loo 485 teaches “a reservation register implemented in hardware storing a value indicative of available
space in said input queue, said reservation register accessible by both said first processing element and said at
least one second processing element,” including at least the following exemplary citations.

See above at row [le].

[7f] computer storage storing
instructions, which when executed
by said at least one second
processing element:

Van Loo ’485 teaches computer storage storing instructions executed by said at least one second processing
element, including at least the following exemplary citations.

See above at row [1f].

[7g] receives a command from said
first processing element;

Van Loo ’485 teaches “receives a command from said first processing element,” including at least the
following exemplary citations.

For example, Van Loo 485 teaches that the second processing element executes instructions that causes it to
receive a command from said first processing element, by disclosing, as non-limiting examples, the second
processing element (e.g., a system controller) receiving a transaction request from a master device. The
second processing element receives a command from the first processing element. See, e.g.:
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Initialize SC Registers
400
Initialize Master Registers
410

End New Transaction request ‘from box 49
2 % 420 (Fig. 38)
Yes
For read operation:
Is master buffer able to accept data?
For write operation: -
Is write data reng for transmission? \i\l;ét
424 oL 22
yes
Transaction complete -
message (S_REPLY) Is master gg‘]’a‘g{z‘g’”e
received from SC?  [yoo 430 !
No_ Yes Noy - Cand
Wait e Send transaction request to SC an
insert at head of SCIQ
Decrement Master 440

Counter by 1
520 v
master counter by 1
450

If SCIQ for given master is nonempty, take the request at head
of that SC|8 and determine the recipient slave for that request
452

to box 454
(Fig. 38)

FIG. 3A

Van Loo ’485 at Figure 3A.

Page 96 of 123
IPR2025-00486

Concurrent Ventures LLC, XtreamEdge Inc. EX2036



Exhibit 596-17

Claim Language

Exemplary Evidence of Anticipation and/or Obviousness

from box 452
(Fig. 34)
s this a memory operation

oraslave ?«aﬁoﬂ?
454

o box 420
(Fig. 3A)

(Memory
operation)

s the recipient memory valid, given
ordering constraints?
456
T Ve
Wait untl memory 15| [ Read or write memory as required
ava and send S_REPLY
458 460

Deemine recipient slave for
ransaction

(Slave
operation)

s he recipi Vaid, given
ordering consiraints?
464

Wait until slave is valid
486

Yes

fthis s a slave writ ransaction: SC enables dalapath, whereupon masler
moves data through data crossbar to slave input quete, and SC sends
S-REPLY (o maseran slave)
17

Transacton TS SC counter value forrecipienl Save =
complete P_REQ queue of recipent siave?
message Yes 475
received fom o

slave?

Increment SC counter for recipient slave by 1
480

o
490
recipient slave =
TThis &  slave read request, then iiiate
read operation; when complete, slave sends
P_REPLY o SC and SC sends S_REPLY's ——
(to master and slave)
FIG. 3B 495

Van Loo ’485 at F;gure 3B.
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UPA master / 700 DataPath / 730 710 \ UPA slave
RS "PREQ_DQ
"I TINT_DQ

(C

Ll @Data | \9Data -
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r
-
L]
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/
@
S
S

A
4

/
3
©
S

Y

<+— —>
é |C__0| _ (s_repLy @s repLy, FE'Q Sl_iflo E‘
T \ 770 @ A \ 780 A
' DPctrl «—
(3P_REPLY

e * T]scao T 760
o/ PR T]sciat (PREQ\ 75

-

810~ Conir 1]
o2 oot 2]

— datapath\ 75
System Controller \7p9 (230

A

Slave Read Flow Control

FIG. 6
Van Loo ’485 at Figure 6.

“When a master, e.g. master interface 110, has a transaction request to issue, it first compares the value in its
counter 310 with the value in the config register 270. If the counter value is less than the config register value,
then the request may be issued. The request is sent from the master's output queue 290 to the SCIQ 250, and
the counter 310 is incremented by one.” Van Loo ’485 at col. 9, 11. 12—18.

“At box 420, it is determined whether a new transaction request is pending in one of the masters, e.g. the
master 120.” Van Loo ’485 at col. 10, 11. 67—-68.

“6. A method for controlling transaction flow in a computer system including at least one master device, at
least one slave device, and a system interconnect connected between the master and slave devices, the
interconnect comprising a circuit separate from said master device and having at least one interconnect
request queue coupled to each said master device and each said slave device including at least one slave
request queue coupled to said system interconnect, the method including the steps of:

(1) transmitting a first transaction request from a first said master device to a first said system interconnect;
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(2) receiving the first transaction request in a first said interconnect receive queue of said first system
interconnect;

(3) determining a recipient slave device for said first transaction request;

(4) determining whether the recipient slave request queue of the recipient slave device is available to accept
said first transaction request, and if so, forwarding said first transaction request to said recipient slave request
queue;

(5) receiving said first transaction request at said recipient slave request queue;
(6) executing said first transaction request by said recipient slave device;

(7) notifying the system interconnect, by the slave device, that said first transaction request has been
executed.” Van Loo 485 at col. 17, 11. 33-60.

[7h] accesses said reservation
register and reads said stored
value;

Van Loo ’485 teaches “accesses said reservation register and reads said stored value,” including at least the
following exemplary citations.

See above at row [1g].

[71] determines when said read
value indicates available space in
said input queue to issue said
command;

Van Loo ’485 teaches “determines when said read value indicates available space in said input queue to issue
said command,” including at least the following exemplary citations.

See above at row [1h].

[7j] issues said command to said
input queue on behalf of said first
processing element; and

Van Loo 485 teaches “issues said command to said input queue on behalf of said first processing element,”
including at least the following exemplary citations.

For example, Van Loo ’485 teaches that the second processing element executes instructions that causes it to
issue said command to said input queue on behalf of said first processing element, by disclosing, as non-
limiting examples, the second processing element (e.g., a system controller) issues the received transaction
request into the input queue. The second processing element issues the command to the input queue on behalf
of the first processing element. See, e.g.:
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e b |10
Togic Data_| ‘_.185/ &l‘ae‘fe
112

VASTER [Confi D
ZgéjEUE Register P
\ 210 DataPath —M
t‘ Counter 155 YRR
310 ez | O

15
Data Slave

qdzasleﬂ 125\ [—»{195 /| Queue
— ata D
(L e[|

v i
VASTER [Gonfig DataPath 2 70
QUEUE | Regstor Control
300\ | "G
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Counter
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scia
~ 20 [Canfg
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%
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scia || e———
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Counter
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System Conlroller

System Controller

=3
3

/ 1/0 Devices &
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9%

FIG. 2

Van Loo ’485 at Figure 2.
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Initialize SC Registers
400
Initialize Master Registers
410

End New Transaction request ‘from box 49
2 % 420 (Fig. 38)
Yes
For read operation:
Is master buffer able to accept data?
For write operation: -
Is write data reng for transmission? \i\l;ét
424 oL 22
yes
Transaction complete -
message (S_REPLY) Is master gg‘]’a‘g{z‘g’”e
received from SC?  [yoo 430 !
No_ Yes Noy - Cand
Wait e Send transaction request to SC an
insert at head of SCIQ
Decrement Master 440

Counter by 1
520 v
master counter by 1
450

If SCIQ for given master is nonempty, take the request at head
of that SC|8 and determine the recipient slave for that request
452

to box 454
(Fig. 38)

FIG. 3A

Van Loo ’485 at Figure 3A.
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from box 452
(Fig. 34)
s this a memory operation

oraslave ?«aﬁoﬂ?
454

o box 420
(Fig. 3A)

(Memory
operation)

s the recipient memory valid, given
ordering constraints?
456
T Ve
Wait untl memory 15| [ Read or write memory as required
ava and send S_REPLY
458 460

Deemine recipient slave for
ransaction

(Slave
operation)

s he recipi Vaid, given
ordering consiraints?
464

Wait until slave is valid
486

Yes

fthis s a slave writ ransaction: SC enables dalapath, whereupon masler
moves data through data crossbar to slave input quete, and SC sends
S-REPLY (o maseran slave)
17

Transacton TS SC counter value forrecipienl Save =
complete P_REQ queue of recipent siave?
message Yes 475
received fom o

slave?

Increment SC counter for recipient slave by 1
480

o
490
recipient slave =
TThis &  slave read request, then iiiate
read operation; when complete, slave sends
P_REPLY o SC and SC sends S_REPLY's ——
(to master and slave)
FIG. 3B 495

Van Loo ’485 at F;gure 3B.
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UPA master / 700

DataPath /730 710\ UPA slave

2 Gom B :éz:PREQ_DQ
LI Neo ) \ 790 JREES
(L
cee L @azpw ®S__REPL'FE|QSE|Q|5
(N N HE
‘ (@ ot @mm
--------- * T]scao T ¢ . REQ\mo
o7 (P —]]scuo:____ @PREAN 75
810 I
0 I__‘ ‘ datapath\ ;.45

System Controller \ 720

(230)

Slave Read Flow Control

FIG. 6

Van Loo ’485 at Figure 6.

“For the purposes of this invention, a "transaction" may be defined as a request packet issued by a master,
followed by an acknowledgment packet (not necessarily a full packet, depending upon the chosen
implementation) from the recipient immediately downstream. There may or may not be a data transfer
accompanying a request packet, and the data transfer may either occur on the same set of wires as the request
packet, or on separate datapath wires. This is described in greater detail below in connection with FIGS. 4-7.”
Van Loo ’485 at col. 4, 11. 50-59.

“The SC 130 then determines to which of the two slaves 140 and 150 the transaction request is destined, and
checks the counter for that queue. For instance, if slave 140 is the destination for the transaction request, then
the SC 130 checks the counter 210 and compares the value stored there with the value in the config register
200 corresponding to the ID register 180. If the counter 230 value is less than the value stored in the config
register, then the SC 130 issues the transaction request and increments the counter 230. Otherwise, the
transaction request is maintained in the output queue 210. (In some transactions related to ordering constraints
for transactions for different requests from the same master, it may be desirable to leave the request in the
SCIQ 250.)” Van Loo 485 at col. 9, 11. 19-32.
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“Assuming the transaction request is issued in this example, then the SC 130 sends a signal to the master 110
to this effect (upon completion of the transaction, e.g. the transfer of data) and removes the transaction
request from its input queue 250 (upon sending of the reply). The master 110 accordingly decrements its
counter 310, which enables it to issue an additional pending transaction request. If the counter 310 was at its
maximum (indicating that the SCIQ 250 was full), the decrementation of the counter 310 allows room for a
single additional transaction request from the master 110 to the SC 130. If the counter 310 was not at its
maximum value, then the decrementation of the counter 310 simply adds one to the number of transaction
requests available to the master interface 110.” Van Loo ’485 at col. 9, 1. 33—46.

“At box 424, if the pending transaction request is for a read operation, then the system determines whether the
master read data buffer (discussed in greater detail below) for the master interface is ready to accept data, i.e.
whether there is sufficient room in the master read data buffer to receive the data to be read. If not, then the
system waits as at box 426 until the master read data buffer is ready. Note that a write operation need not be
held up during a wait period for a read operation, but may proceed independently; and vice versa.

For a write operation, the system determines whether the data to be written to one of the slaves via a slave
interface or memory is in fact ready for writing in (transmission to) a master write buffer. If not, again at box
426 a wait period is executed, until the data item is ready for writing.” Van Loo ’485 at col. 11, 11. 4-17.

“The SC is provided with intelligence and/or logic (hardware and/or software) to determine whether it has a
transaction request pending in its request receive queue (such as SCIQ's 250 and 260). If so, then at box 452
the transaction request at the head of the queue is examined to determine which slave is intended as the
recipient for the request. This queue control and recipient determination is carried out in a conventional
manner.” Van Loo 485 at col. 11, 11. 55-62.

“Once the slave is valid for this transaction, then the transaction request is moved into the corresponding SC
output queue (SCOQ) 210 or 220.” Van Loo ’485 at col. 12, 11. 39-41.

“If the pending transaction is a slave write transaction, than at this time (box 470) the SC enables the datapath
155 via a datapath control signal, and the master (whose transaction is pending) is then able to move the data
through the datapath to the appropriate slave input queue (185 or 195). The SC then sends its transaction-
complete (S.-. REPLY) signal to both the master and the slave (see discussion below relative to FIG. 7).” Van
Loo ’485 at col. 12, 11. 42-49.

“At box 475, the SC 130 then checks the counter for the recipient slave, e.g. counter 240 if slave 150 is the
destination for the pending transaction request. If the counter equals or exceeds the value in the config
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register (i.e. the size indicated by the ID register 180 or 190, which were read at initialization), then the
request is not yet allowed. In this case, then steps 530-550 are followed (essentially identical to steps 500-
520), until a free line opens up in the destination slave queue to receive the transaction request.

If the appropriate counter (230 or 240) has not reached its maximum allowed value, then it is incremented by
one (box 480), and the transaction request is sent to the recipient slave (box 490).” Van Loo 485 at col. 12, 1L.
50-62.

“6. A method for controlling transaction flow in a computer system including at least one master device, at
least one slave device, and a system interconnect connected between the master and slave devices, the
interconnect comprising a circuit separate from said master device and having at least one interconnect
request queue coupled to each said master device and each said slave device including at least one slave
request queue coupled to said system interconnect, the method including the steps of:

(1) transmitting a first transaction request from a first said master device to a first said system interconnect;

(2) receiving the first transaction request in a first said interconnect receive queue of said first system
interconnect;

(3) determining a recipient slave device for said first transaction request;

(4) determining whether the recipient slave request queue of the recipient slave device is available to accept
said first transaction request, and if so, forwarding said first transaction request to said recipient slave request
queue;

(5) receiving said first transaction request at said recipient slave request queue;
(6) executing said first transaction request by said recipient slave device;

(7) notifying the system interconnect, by the slave device, that said first transaction request has been
executed.” Van Loo 485 at col. 17, 11. 33-60.

[7k] wherein said first processing | Van Loo ’485 teaches “wherein said first processing element receives a response corresponding to said
element receives a response command from said output queue,” including at least the following exemplary citations.
corresponding to said command

. For example, Van Loo ’485 teaches wherein said first processing element receives a response corresponding
from said output queue.

to said command from said output queue, by disclosing, as non-limiting examples, the first processing
element (e.g., a master device) receiving a transaction—completion signal ora S REPLY corresponding to a
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transaction request. The first processing element receives a response from the output queue corresponding to

the command. See, e.g..
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Van Loo ’485 at Figure 2.
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FIG. 6
Van Loo ’485 at Figure 6.

“For the purposes of this invention, a "transaction" may be defined as a request packet issued by a master,
followed by an acknowledgment packet (not necessarily a full packet, depending upon the chosen
implementation) from the recipient immediately downstream. There may or may not be a data transfer
accompanying a request packet, and the data transfer may either occur on the same set of wires as the request
packet, or on separate datapath wires. This is described in greater detail below in connection with FIGS. 4-7.”
Van Loo ’485 at col. 4, 11. 50-59.

“FIG. 6: read operation from a device other than memory;” Van Loo *485 at col. 13, 1. 21.
“Memory Read Requests: FIG. 4

This read request example assumes that data is coming from memory, and not, e.g., from a cache. Snoop
operations on the snoopbus shown in FIG. 4 are not in consideration here.

Event 1: When a UPA master port such as post 630 has a read-from-memory transaction ready, and the
master counter is not at its allowed maximum (see box 430 in FIGS. 3A-3B), the read transaction is issued on
the UPA.. Addressbus from UPA port 630 to the system controller 650. This is indicate by the event 1 (P..
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REQ) along the UPA.. Addressbus 660 in FIG. 4, with the direction of the information indicated by the arrow,
1.e. from the port to the SC.

Event 2: The memory cycle i.e. RAS (read-address-strobe)/CAS (column-address-strobe) request issuance! is
issued over memory control bus 670 to the memory banks 610 . . . 620. See vent 2 ("RAS/CAS") along bus
670.

Event 3: The datapath is scheduled by a signal along the datapath control bus 680, and data items are
accordingly delivered from memory to the datapath crossbar 625 via a memory databus 690 and UPA databus
700. This fulfills the read request.” Van Loo ’485 at col. 14, 1. 4-25.

“Slave Read Requests: FIG. 6

FIG. 6 illustrates a read sequence to a slave device other than memory, and is similar to FIG. 2, but for this
example a single master interface 710 and a single slave interface 720 are used, coupled by a system
controller 720 and a datapath crossbar 730.

Event 1 indicates the issuance of a read request P.. REQ on UPA address bus 740 to SC 720.

In event 2, the SC 720 sends the P.- REQ on bus 750 to the slave interface 710. To do this, if there are several
slave interfaces, the SC must first decode the address to ensure that the P.. REQ goes to the correct slave
interface. Event 2 informs the slave interface to prepare the data to move through the datapath.

When the data items are ready, then event 3 takes place, namely the sending of a P.. REPLY from the slave
710 to the SC 720 over bus 760.

In event 4, a series of steps are executed to cause the master interface to receive the data: SC 720 schedules
the datapath 730, and issues an S.. REPLY over bus 770 to the master interface 700. In addition, the SC issues
the S.. REPLY over bus 780 to the slave 710, to drive the data, when it is ready, on the slave's UPA databus
790 via the datapath and over the databus 800 to the master interface 700.” Van Loo 485 at col. 14, 1. 49 —
col. 15, 1. 6.

8. The system of claim 7, wherein | Van Loo ’485 teaches “[t]he system of claim 7, wherein said input queue is a first-in-first-out (FIFO) buffer,”
said input queue is a first-in-first- | including at least the following exemplary citations.

out (FIFO) buffer. See above at row 2.
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9. The system of claim 7, wherein
said system is part of a storage
area network (SAN) controller.

Van Loo 485 teaches “[t]he system of claim 7, wherein said system is part of a storage area network (SAN)
controller,” including at least the following exemplary citations.

See above at row 3.

10. The system of claim 7, wherein
said system is part of a network
attached storage (NAS) controller.

Van Loo ’485 teaches “[t]he system of claim 7, wherein said system is part of a network attached storage
(NAS) controller,” including at least the following exemplary citations.

See above at row 4.

11. The system of claim 7, wherein
said stored value is decremented
by a predefined value prior to
returning said stored value to said
at least one second processing
element.

Van Loo ’485 teaches “[t]he system of claim 7, wherein said stored value is decremented by a predefined
value prior to returning said stored value to said at least one second processing element,” including at least the
following exemplary citations.

See above at row 5.

12. The system of claim 7, wherein
at least one third processing
element executes said command
and notifies said output queue to
issue said response.

Van Loo ’485 teaches “[t]he system of claim 7, wherein at least one third processing element executes said
command and notifies said output queue to issue said response,” including at least the following exemplary
citations.

See above at row 6.

[13pre] A system for dividing and
synchronizing a processing task
across a plurality of processing
elements comprising:

Van Loo ’485 teaches “[a] system for dividing and synchronizing a processing task across a plurality of
processing elements,” including at least the following exemplary citations.

See above at row [1pre].

[13a] an input queue implemented
in hardware;

Van Loo ’485 teaches “an input queue implemented in hardware,” including at least the following exemplary
citations.

See above at row [1a].
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[13b] an output queue Van Loo 485 teaches “an output queue implemented in hardware,” including at least the following
implemented in hardware; exemplary citations.

See above at row [1b].

[13c] a first processing element Van Loo ’485 teaches “a first processing element having access to said input queue and said output queue,”
having access to said input queue | including at least the following exemplary citations.

and said output queue; See above at row [1c].

[13d] at least one second Van Loo ’485 teaches “at least one second processing element in communication with said input queue and
processing element in said output queue,” including at least the following exemplary citations.
communication with said input

. For example, Van Loo 485 teaches at least one second processing element in communication with said input
queue and said output queue;

queue and said output queue, by disclosing, as non-limiting examples, the second processing element (e.g., a
system controller) interacting with the input and output queues. The second processing element is in
communication with the input and output queue. See, e.g.:

“This invention describes a link-by-link flow control method for packet-switched uniprocessor and
multiprocessor computer systems that maximizes system resource utilization and throughput, and minimizes
system latency. The computer system comprises one or more master interfaces, one or more slave interfaces,
and an interconnect system controller which provides dedicated transaction request queues for each master
interface and controls the forwarding of transactions to each slave interface. The master interface keeps track
of the number of requests in the dedicated queue in the system controller, and the system controller keeps
track of the number of requests in each slave interface queue. Both the master interface, and system controller
know the maximum capacity of the queue immediately downstream from it, and does not issue more
transaction requests than what the downstream queue can accommodate. An acknowledgment from the
downstream queue indicates to the sender that there is space in it for another transaction. Thus no system
resources are wasted trying to send a request to a queue that is already full.” Van Loo ’485 at Abstract.
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FIG. 1
Van Loo ’485 at Figure 1.
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Van Loo ’485 at Figure 1A.
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Van Loo ’485 at Figure 2.
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Van Loo ’485 at Figure 5.
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FIG. 6
Van Loo ’485 at Figure 6.

“The present invention employs a method and apparatus for determining the total queue sizes of all the
queues in the system at initialization time, and for permitting a master (e.g. a processor) to send a number of
transaction requests only to the extent of that total. The system of the invention classifies system interconnect
queues as request queues, read-data queues, and write-data queues, and determines rules of transfer of both
requests and data as loosely coupled events. An interconnect (system) controller is connected between one or
more masters (e.g. microprocessors) and the slave devices, which may be I/O units, disk drives, memory, etc.
The interconnect controller includes a queue for each master, and each master includes a transaction counter
indicating the number of outstanding transaction requests from that master to the controller. The interconnect
controller additionally includes both request and write data queues for each downstream slave, and a
transaction counter indicating the number of outstanding requests from the controller to that slave and the
outstanding write data transfers from some master to that slave.” Van Loo ’485 at col. 2, 1. 54 —col. 3, 1. 6.

“The present invention uses a new system interconnect architecture and concomitant new methods for
utilizing the interconnect to control transaction requests and data flow between master devices and slave or
memory devices.
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In FIG. 1, the system 10 includes a UPA module 20 and an interconnect network or module 25, which in
different embodiments of the invention may or may not be connected to the data path. The UPA module may
include such devices as a processor 30, a graphics unit 40, and an I/O unit 50. Other units may be included,
and act as the master units for the purposes of the present invention. A master interface is defined as the
interface for any entity initiating transaction requests; examples of such masters are a CPU making memory
requests, or an I/O channel and bridges making DMA requests.” Van Loo ’485 at col. 4, 11. 27-41.

“In general, in this application a master is exemplified by a processor. However, a master may be any
transaction-requesting device, whether or not it includes a microprocessor. Similarly, a "slave" refers herein
to any device that can accept a transaction request, including both memory and non-memory devices, etc., and
including devices such as processors and I/O controllers that may themselves act as masters.” Van Loo ’485
at col. 4, 11. 42-49.

“In a preferred embodiment, the system controller 70 and UPA interface 60 are carried on the main processor
chip, and the slave interface is on the motherboard, though many variations are possible. More generally, each
master (whether a processor or some other device) has a UPA master interface, and each slave includes a
UPA slave interface. The system controller in each case resides with the system.” Van Loo ’485 at col. 5, 11.
4-11.

“A datapath crossbar 90 is also included in the interconnect module 25, and is coupled to the slave
interface(s), the system controller 70, and the ports 60. The datapath crossbar may be s simple bus or may be
a more complicated crossbar. (The UPA ports 60 may be configured as part of either the UPA module 20 or
the interconnect module 25.) The datapath unit 90 is used to transmit read and write data in a manner to be
described below.” Van Loo ’485 at col. 5, 11. 12—19.

“FIG. 1A shows a more generalized block diagram of a system according to the invention. Here, there are
multiple masters (three exemplary masters M1-M3 being shown). These masters may act in certain
circumstances as slaves. For instance, if M1 is a processor and M3 is an I/O controller, then M3 will often act
as a slave to M1, as in the initialization procedure described below. On the other hand, during a DMA (direct
memory access) operation, the I/O controller M3 will act as a master to a memory device, such as any of one
to many of memories represented as M1 ... M2 in FIG. 1A.” Van Loo ’485 at col. 5, 11. 50-60.

“FIG. 2 illustrates an interconnect module 100 in a specific implementation where two master interfaces (or
"masters") 110 and 120, a single system controller (SC) 130, two slaves interfaces (or "slaves") 140 and 150,
and a datapath crossbar 155 are used. There may in principle any number of masters and slaves. The masters
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may be any of the interfaces discussed above, or in general any devices or entities capable of issuing
transaction requests.” Van Loo 485 at col. 6, 11. 24-31.

“Each slave 140 and 150 includes a slave queue (160 and 170, respectively) for receiving transaction
requests. The maximum sizes of these slave queues are represented by values in port ID registers 180 and
190, respectively.” Van Loo 485 at col. 6, 11. 32-35.

“Masters 110 and 120 include data queues or buffers 115 and 125, and slaves 140 and 150 include data
queues or buffers 185 and 195, whose functions are described in detail relative to FIGS. 6 and 7 below. The
maximum sizes of the slave write data queues 185 and 195 are also represented by values in port ID registers
180 and 190, respectively. In the special case where there is a one-to-one correspondence to a request queue
entry (e.g. 100) and a data buffer in the write data queue (e.g. 185), with the write data queue being
maximally dimensioned to hold an entire packet (i.e. dimensioned such that it can hold the largest

contemplated packet size), then the queue size in 180 can be represented by a single number.” Van Loo 485
at col. 6, 11. 36-48.

“6. A method for controlling transaction flow in a computer system including at least one master device, at
least one slave device, and a system interconnect connected between the master and slave devices, the
interconnect comprising a circuit separate from said master device and having at least one interconnect
request queue coupled to each said master device and each said slave device including at least one slave
request queue coupled to said system interconnect, the method including the steps of:

(1) transmitting a first transaction request from a first said master device to a first said system interconnect;

(2) receiving the first transaction request in a first said interconnect receive queue of said first system
interconnect;

(3) determining a recipient slave device for said first transaction request;

(4) determining whether the recipient slave request queue of the recipient slave device is available to accept
said first transaction request, and if so, forwarding said first transaction request to said recipient slave request
queue;

(5) receiving said first transaction request at said recipient slave request queue;

(6) executing said first transaction request by said recipient slave device;
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(7) notifying the system interconnect, by the slave device, that said first transaction request has been
executed.” Van Loo 485 at col. 17, 11. 33-60.

[13e] a reservation register
implemented in hardware storing a
value indicative of available space
in said input queue, said
reservation register accessible by
both said first processing element
and said at least one second
processing element;

Van Loo 485 teaches “a reservation register implemented in hardware storing a value indicative of available
space in said input queue, said reservation register accessible by both said first processing element and said at
least one second processing element,” including at least the following exemplary citations.

See above at row [le].

[13f] computer storage storing
instructions, which when executed
by said at least one second
processing element:

Van Loo ’485 teaches computer storage storing instructions that are executed by said at least one second
processing element including at least the following exemplary citations.

See above at row [1f].

[13g] receives a command from
said first processing element;

Van Loo ’485 teaches “receives a command from said first processing element,” including at least the
following exemplary citations.

See above at row [7g].

[13h] accesses said reservation
register and reads said stored
value;

Van Loo ’485 teaches “accesses said reservation register and reads said stored value,” including at least the
following exemplary citations.

See above at row [1g].

[13i] determines when said read
value indicates available space in
said input queue to issue said
command;

Van Loo ’485 teaches “determines when said read value indicates available space in said input queue to issue
said command,” including at least the following exemplary citations.

See above at row [1h].
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[13j] issues said command to said
input queue on behalf of said first
processing element; and

Van Loo 485 teaches “issues said command to said input queue on behalf of said first processing element,”
including at least the following exemplary citations.

See above at row [7]].

[13k] receives a response
corresponding to said command
from said output queue.

Van Loo ’485 teaches “receives a response corresponding to said command from said output queue,”
including at least the following exemplary citations.

For example, Van Loo 485 teaches that the second processing element executes instructions that causes it to
receive a response corresponding to said command from said output queue, by disclosing, as non-limiting
examples, the first processing element (e.g., a master device) receiving a transaction-completion response or a
P_REPLY. The second processing element receives a corresponding response from the output queue.
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Van Loo ’485 at Figure 2.
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FIG. 6
Van Loo ’485 at Figure 6.

“For the purposes of this invention, a "transaction" may be defined as a request packet issued by a master,
followed by an acknowledgment packet (not necessarily a full packet, depending upon the chosen
implementation) from the recipient immediately downstream. There may or may not be a data transfer
accompanying a request packet, and the data transfer may either occur on the same set of wires as the request
packet, or on separate datapath wires. This is described in greater detail below in connection with FIGS. 4-7.”
Van Loo ’485 at col. 4, 11. 50-59.

“FIG. 6: read operation from a device other than memory;” Van Loo 485 at col. 13, 1. 21.
“Memory Read Requests: FIG. 4

This read request example assumes that data is coming from memory, and not, e.g., from a cache. Snoop
operations on the snoopbus shown in FIG. 4 are not in consideration here.

Event 1: When a UPA master port such as post 630 has a read-from-memory transaction ready, and the
master counter is not at its allowed maximum (see box 430 in FIGS. 3A-3B), the read transaction is issued on
the UPA.. Addressbus from UPA port 630 to the system controller 650. This is indicate by the event 1 (P..
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REQ) along the UPA.. Addressbus 660 in FIG. 4, with the direction of the information indicated by the arrow,
1.e. from the port to the SC.

Event 2: The memory cycle i.e. RAS (read-address-strobe)/CAS (column-address-strobe) request issuance! is
issued over memory control bus 670 to the memory banks 610 . . . 620. See vent 2 ("RAS/CAS") along bus
670.

Event 3: The datapath is scheduled by a signal along the datapath control bus 680, and data items are
accordingly delivered from memory to the datapath crossbar 625 via a memory databus 690 and UPA databus
700. This fulfills the read request.” Van Loo ’485 at col. 14, 1. 4-25.

“Slave Read Requests: FIG. 6

FIG. 6 illustrates a read sequence to a slave device other than memory, and is similar to FIG. 2, but for this
example a single master interface 710 and a single slave interface 720 are used, coupled by a system
controller 720 and a datapath crossbar 730.

Event 1 indicates the issuance of a read request P.. REQ on UPA address bus 740 to SC 720.

In event 2, the SC 720 sends the P.- REQ on bus 750 to the slave interface 710. To do this, if there are several
slave interfaces, the SC must first decode the address to ensure that the P.. REQ goes to the correct slave
interface. Event 2 informs the slave interface to prepare the data to move through the datapath.

When the data items are ready, then event 3 takes place, namely the sending of a P.. REPLY from the slave
710 to the SC 720 over bus 760.

In event 4, a series of steps are executed to cause the master interface to receive the data: SC 720 schedules
the datapath 730, and issues an S.. REPLY over bus 770 to the master interface 700. In addition, the SC issues
the S.. REPLY over bus 780 to the slave 710, to drive the data, when it is ready, on the slave's UPA databus
790 via the datapath and over the databus 800 to the master interface 700.” Van Loo 485 at col. 14, 1. 49 —
col. 15, 1. 6.

14. The system of claim 13, Van Loo ’485 teaches “[t]he system of claim 13, wherein said input queue is a first-in-first-out (FIFO)
wherein said input queue is a first- | buffer,” including at least the following exemplary citations.

in-first-out (FIFO) buffer. See above at row 2.
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15. The system of claim 13,
wherein said system is either part
of a storage area network (SAN)
controller.

Van Loo ’485 teaches “[t]he system of claim 13, wherein said system is either part of a storage area network
(SAN) controller,” including at least the following exemplary citations.

See above at row 3.

16. The system of claim 13,
wherein said system is part of a
network attached storage (NAS)
controller.

Van Loo ’485 teaches “[t]he system of claim 13, wherein said system is part of a network attached storage
(NAS) controller,” including at least the following exemplary citations.

See above at row 4.

17. The system of claim 13,
wherein said stored value is
decremented by a predefined value
prior to returning said stored value
to said at least one second
processing element.

Van Loo ’485 teaches “[t]he system of claim 13, wherein said stored value is decremented by a predefined
value prior to returning said stored value to said at least one second processing element,” including at least the
following exemplary citations.

See above at row 5.

18. The system of claim 13,
wherein at least one third
processing element executes said
command and notifies said output
queue to issue said response.

Van Loo ’485 teaches “[t]he system of claim 13, wherein at least one third processing element executes said
command and notifies said output queue to issue said response,” including at least the following exemplary
citations.

See above at row 6.
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