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memory systems. There is a page descriptor for each page represented by at least
one cache line in an second-level cache.

In a preferred embodiment of the invention, the interconnection between a
second-level and the third-level is a fiber optic connection between the
multi;;rocessor modules 1A,...,1M and the third-level fnodules 40a...,40m.
Preferably, each third-level module 40 has a four or eight port connector, allowing
up to four and eight multiprocessor modules 1 and third-level modules 40,
respectively.

In another preferred embodiment, the interconnection is a shared bus between
third-level modules 40. The shared bus can also be used to interconnect the
multiprocessor modules 1A,...,1M to the third-level modules 40a,...,40m. In that
case, each multiprocessor module 1 is coupled to one third-level module 40,
although multiple multiprocessor modules 1 can share a single third-level module 40.
FIG. 6 is a block diagram of a third-level bus-based distributed shared-cache
memory system.

On a second-level cache miss going to the third-level, as previously
described, the third-level interface first checks with the third-level directory 42 to
see if the cache line is present in another second-level cache 18 in a different
cluster. If so, the request is directed to a processor cluster containing the cache
line, which returns the data to satisfy the cache miss. The necz:zary consistency
actions, such as transferring ownership, are performed at the saine time. If the
third-level directory cache 42 indicates the data is in the third-level memory area 46,
the data is transferred from the third-level memory area 46, with cache tags in the
cache directory entry being updated accordingly.

If the requested cache line is not present in the third-level directory cache 42,
a software trap is taken by the processor 12 and a software look-up is performed
using the translation table, mapping the physical address to the page descriptor. If
the page descriptor is found, then the page descriptor describes the location of the
data in DRAM memory. This software translation table is global across the third-

level modules 40a,...,40m, even though FIGs. 5 and 6 illustrate separate portions of
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third-level memory 46 per third-level module 40. If the data is retrieved from
memory, the page descriptor is updated according to the consistency protocol. Also,
a cache line entry -is created in the third-level directory cache 42 for this cache line,
possibly writing back an entry from this directory cache 42 to the associated page
descriptor to make room for this new entry. The processor 12 then restarts the
memory operation that caused the miss.

The look-up may determine that required data is in another of the third-level
modules 40 from that associated with the faulting multiprocessor module 1. In that
case, the third-level directory cache 42 in that third-level module 40 is loaded
accordingly.

If the data is not present at the third-level at all, software allocates memory
in the third-level module 40 associated with the faulting multiprocessor module 1
and transfers the data into this area of memory from a high-speed network
connection, and then performs the actions described above. Thus, the software
mimics the shared operation of the second level, where cache loads go to the portion
of the cache of the requesting unit. Because the transfer from the network to the
third level is done in software and it is advantageous to move this data immediately
into the highest portion of the requesting units memory hierarchy, the network
connection resides on the shared second-level cache bus 5. By placing the network
connection on the shared second-level cache bus 5, the processor 12 is allowed to
copy the data directly from the network interface to cache lines residing at the
second-level.

There is ‘a special form of a software page descriptor, referred to as a
pageless page descriptor, which does not have a corresponding data page portion in
DRAM memory. The page pool can convert a page descriptor into a pageless page
descriptor and reclaim the associated data page area when the data of the page is
contained in the second-level cache area 20. A scavenger process, similar to that
used in conventional virtual memory systems, checks whether there have been any
recent accesses to the data page and, if not, reclaims the data page and updates the

directory cache 42 as appropriate. A processor may have to handle a write-back
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fault, which arises when a write-back occurs for a cache line having no third-level
location recorded in the third-level directory cache 42.

The third-level memory area 46 is directly addressable as a portion of the
physical address space. A reference to the third-level memory area 46 is detected at
the point of trap to a software process after a directory cache miss. A direct
mapping to the membry for the cache line then takes place. Otherwise, access to
this third-level memory area 46 is transparent to the processor 12 and handled in the
directory and consistency mechanism, the same as other portions of memory. Each
multiprocessor module 1 contains a local memory containing the software
instructions for third-level miss handling, so that a processor 12 never faults at the
third-level on software instructions to handle third-level faults. Alternatively,
software instructions to handle this miss handling can be provided in a memory
module at the third level.

The directory cache 42 allows most third-level misses to be handled fast, by
retrieving the data either from another processor cluster or from the third-ievel
memory area 46. By making the directory a cache, the cache directory 42 can
support a very large physical address space without actually having that amount of
physical memory. For example, a machine with less than a few hundred megabytes
of data can support a physical address space addressed by 64 bits. Providing a very
large physical or shared address space allows the operating system to maximize the
time between reuse of addresses. By maximizing the time between reuse of
addresses, these addresses are meaningful over a longer period of time and
confusion that can arise from reusing addresses quickly is minimized. Providing a
directory large enough to hold entries covering the entire 64-bit physical address
space would be expensive.

In addition, preferred embodiments of the invention efficiently allow software
control of the memory system at the cache line unit level. In particular, if a cache
line of a page is not present locally, the software gains control and can retrieve the

required cache line, even if the rest of the page is present locally.
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Furthermore, the software-managed page descriptor structure allows a more
sophisticated management approach than is feasible with a pure hardware solution.
In particular, a data page for every page descriptor is not required in preferred
embodiments of the invention. Data pages can be used more for a prefetching and
write-behind I/0 storage, rather than primarily duplicating the second-level cache
data entirely. Also, page descriptors can be used to refer to remote copies of the
page. In addition, the global page descriptor data structure is used to ensure that
there is only one copy of a page across all local third-level modules 40.

In another preferred embodiment of the invention, each third-level module 40
handles only one subset of the total processors in the node. For example, a
directory cache entry may allow for only eight multiprocessor modules 1, by
allowing eight M bits for multiprocessor module identification. However, the saving
in M bits is not regarded as a significant benefit as a percentage of third-level
directory cache entry size, and transferring ownership of cache lines between the
third-level appears complicated.

In an alternative embodiment of the invention, the third-level modules 40 are
divided based on an address range. While requiring no interaction between third-
level modules 40, this embodiment leads to very uneven loads between modules
depending on the distribution of the load on memory. This embodiment also
requires every third-level module 40 to contain the maximum number of M bits per
directory entry that any machine configuration would ever require.

In another preferred embodiment of the invention, the third-level modules 40
are divided based on the low-order bits of the page numbers. For example, with
two third-level modules 40, the first module might handle all page addresses that are
less than 4 modulo 8 whereas the other module handles all that are greater than or
equal to 4 modulo 8. This embodiment distributes the load more evenly, but is
more complicated and still limits the number of multiprocessor modules 1 in a

configuration to the number of M bits in a third-level module 40.
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Page-Level Shared Cache System

FIG. 7 is a block diagram of a preferred distributed shared page cache
memory system. A page cache is memory managed by the virtual memory system,
largely in software but with some hardware assistance for address translation. In a
preferred embodiment of the invention, the machine environment is a cluster of
nodes 110a,...,110k connected by a high-speed network 100. Each node has a
respective local DRAM memory module of several hundreds of megabytes or more.
Pages are retrieved from a shared distributed file system, which stores pages on disk
200 connected to the high-speed network 100.

Each node 110 maintains a page frame pool 116 similar to that in
conventional virtual memory systems. Each page is identified as a portion of a
segment. Preferably, the pages are identified as in the V+ 4 distributed system
virtual memory system. This identification is global and uniquely identifying across
the set of nodes sharing the file system. Each page frame pool 116 also maintains a
list of pages resident at the other nodes in the network. Each such page is recorded
as a special form of a standard page descriptor, referred to as a remote page
descriptor. The page descriptors contain consistency information as required to
support the third-level operation previously described, as well as for internode
operation. The page descriptors are a natural extension of this level, and they are
similar to that used in various distributed shared memory implementations.

Each page frame pool manager periodically multicasts the list of resident
pages in the corresponding pool to the other nodes 110. On receiving such an
update, a node 110 updates the list of pages at the sending node. The update can
include specific mention of pages that have been discarded. In an alternative
preferred embodiment, the page frame pool manager discards remote page
descriptors after some time-out period without reconfirmation, or after requesting
the page from a node 110 and discovering that the requested page is no longer
present in that node.

On' page look-up, the local process either finds a local page descriptor, a

remote page descriptor, or no page descriptor. In the former case, the page data
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may be local and is satisfied immediately. However, because the cache line is the
unit of consistency, that portion may have to be accessed from a remote node, which
is described in a remote page descriptor 126. If a remote page descripfor 126 is
found, the process requests the data from the node 110 identified by the remote page
descriptor 126. Otherwise, the page is requested from an appropriate disk
subsystem 200 or file server 150, incurring the multi-millisecond cost of accessing
the disk subsystems 200.

It is possible that the remote node from which the page is requested in the
second case above has discarded the page. In that case, the remote node responds
negatively and the requesting node can remove the remote page descriptor 126 and
then retry the operation.

The file server or disk server can have some page buffering and advertise the
contents of associated caches. However, in a loaded system better performance can
be obtained by limiting traffic to the file server 150 primarily to request requiring
disk I/0. By so limiting the traffic, page requests that can be satisfied from other
nodes do not unnecessarily interfere with page requests that have to be handled by
the server 150.

A page requestor may request a page from the file server 150 even though
the page is present in another node’s page frame pool 116, because the presence of
that page has not been propagated from the remote node to the requesting node.
With a consistent file page caching protocol in place, it is necessary for the file
server 150 to forward the request to a node with exclusive ownership of the cache
line or the page. This type of redirect is feasible to handle in software and should
not represent a performance problem provided that the redirection does not occur
frequently.

A preferred embodiment of a page-level shared-cache system provides the
effect of having the totality of the page frame pools 116 forming a large shared-
cache, which is much larger than the memory available on each node. In general, a

page-level shared-cache system provides the advantages of the shared-cache among a
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set of network nodes, assuming that the network transfer time is substantially less
than the disk transfer time, including latency. -

An advantage of a preferred embodiment of a page-level shared-cache system
is that the system allows pages to be duplicated at different nodes. The system
recognizes that even the network latency is significant for repeated second-level
cache misses to the same page.

In a preferred embodiment of the invention, the page fault load is distributed
from the file servers to other nodes. This distribution is important with point-to-
point networks that appear to be a key aspect of future high-speed networking.
Rather than have all page requests congest the path from client nodes to server
nodes, some of the requests are routed to clients, making better use of network
resources and reducing congestion-induced delay. In a particular preferred
embodiment of the invention, the requesting node takes the location and route to the
node described by the remote page descriptor into consideration in selecting the node
from which to request when there are multiple nodes holding a page.

In addition, the dissemination of page frame pool 116 contents by best-efforts
multicast avoids extra network loading, processing overhead, and extra latency in
case of total miss of trying to apply the broadcast approach of the second-level cache
to locating a page. With point-to-point networking, transmitting a multicast request
to every node as a result of a page fault can be a significant load during phases of
significant page faulting. Because the page frame pool 116 is handled in software,
each node incurs the cost of processing such a request. Moreover, because a page
can be duplicated at several nodes, a multicast request can result in duplicate
responses. In the case of a node requesting a page not present in any page frame
pool 116, the request must time-out before directing a request to the file server.
Because time-outs with network and software processes have to be large to avoid
unnecessary re-transmission, such a time-out adds significant delay to a page fault

that requires going to disk.

INTEL - 1008
Page 324 of 590



WO 95/25306 PCT/US95/02594

10

15

20

25

-30-
A preferred embodiment of a page-level shared-cache system also fits with

the provision of extra page descriptors that have no corresponding data page, as

introduced above with the third-level caching support.

Memory-based Messaging to Support
Networking and Devices

Parallel applications that use shared memory can benefit from
high-performance communication. For example, if a program is structured such that
processes allocate work from a shared work queue, it is more efficient in memory
traffic for the processors to communicate by messages with a processor running this
allocator than trapping the code and data associated with the allocator into its cache
and then executing the allocator itself, assuming that this processor is unlikely to
have been the last to execute this allocator. That is, function shipping is
intrinsically more efficient than data shipping in this case. Fast communication
allows an application to effectively optimize for these situations rather than incur the
delay and memory overload of conventional shared memory techniques.

Large-scale memory systems can reduce communication performance because
the cost of copying data in these machines increases, due to generally poor cache
behavior of copying and the increasing ratio of processor speed to average memory
access. Furthermore, maintaining shared-memory consistency semantics in
large-scale memory systems is increasingly costly due to increased memory latency.
The cost of remapping data in multiprocessor systems also appears to be
significantly greater than in uniprocessors because of the need to update or invalidate
the TLBs, or page tables, in all processors. Moreover, the costs of queuing and
notification become more significant in large-scale parallel machines. Consequently,
memory-based messaging techniques in these machines cause large amounts of
memory contention on highly shared data structures, such as shared messages and
message queues.

FIG. 8 is a block diagram of a multiprocessor module interfaced to an

external device controller according to a preferred embodiment of the invention. A
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distributed shared cache can support high-performance device communication by
allowing a device controller 160 to participate in the inter-cache protocol as a peer
to the other local cache controllers 180 associated with data processors 12.
Particular examples 6f appropriate device controllers 160 include, but are not limited
to, high-performance disk controllers for interfacing the processor cluster to a disk
subsystem 200’ and high-speed network interfaces for interfacing the processor
cluster to other processor clusters 100° or a switch (not shown). It should be
understood that other device controller can be used to interface with other computer
peripherals.

As illustrated, the microprocessor module 1 includes an external interface
port 165 that provides the device controller 160 with access to the second-level
cache memory 188 via the shared bus 5. In particular, on read access to data at a
given location, a device controlier 160 requests the data from the peer-level local
cache controllers 180 the same as if the device controller were a cache controller
whose associated processor 12 had missed an access to this data. On write to data,
the device can similarly request ownership of the data from the peer-level cache
controllers and update the data accordingly, directly updating the next level of
memory if the data is not present in the peer-level cache memories.

In a particular embodiment, the distributed shared caches support a
memory-based messaging mode for cache~1ine units. In particular, each cache line
can be set in message mode as an alternative to one of the standard consistent shared
memory modes of invalid, shared, or exclusively owned. A particular
memory-based messaging technique is described in the above-referenced ParaDiGM
architecture, which uses cache lines of shared memory as message buffers.

In a preferred embodiment, a memory segment is created to act as a
communication channel, processes bind this segment into their respective address
spaces, and messages are copied into and out of this segment to effect
communication. A preferred memory-based message model is optimized over prior
art models by providing address-valued signals, message-oriented memory

consistency, and automatic signal-on-write. These refinements represent a
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significant simplification of the kernel interface over that provided by other systems
for memory-based messaging. They also allow for a significantly faster and simpler
implementation, especially for scalable shared memory multiprocessor architectures.

~ FIG. 9 is a block diagram illustraiing a preferred address-valued signal
mechanism, which is a notification that is optimized for memory-based messaging.
With address-valued signals, a process sends a signal S, with a single virtual address
parameter. The virtual address is mapped from a shared message region 113x (i.e.,
a range of virtual address space) in the address space 112x containing the virtual
address to a shared segment 115, and the signal S, is delivered to all processes that
bind in that shared segment 115. The signal S, is delivered as a call to a signal
handler with a single parameter, which is the virtual address of the signaled area
113y,113z in the recipient address space 112y,112z.

A process sending a message writes the message data into a free area of the
message region associated with the destination process(es) and then signals using the
virtual address of this free area. The system delivers the signal to each recipient
process, calling the process signal handler with the virtual address of the new
message in the process address space. The signal handler uses this address to access
the new message and deliver the message to the application.

Hardware provides a per-processor First-In-First-Out (FIFO) buffer in which
memory addresses representing signals delivered to this processor (but not yet
processed) are stored. The signaled processors 12x,12y are determined from the
physical address of the signal S, (translated from the virtual address from the
sender) combined with the cache directory entry associated with the cache line
specified by the physical address. In particular, each cache line has a cache
directory entry containing a 3-bit mode field and various other tag bits describing
the state of the cache line. The FIFO buffer eliminates the need for software
delivery of the address values and synchronized software queues to hold those
addresses.

The mode field encodes the conventional shared, private and invalid states of

an ownership-based consistency protocol as well as a special message mode. Tag
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bits include a set of prbcessor identification bits, one per processor sharing the
cache,Athat normally indicate which processors have copies of the cache line. In
message mode, the processor identification bits indicate the processors to be signaled
for this cache line. The memory system architecture uses a hierarchical cache
structure, with a "global"” bit to indicate notification to the next lower level of the
memory hierarchy. The lower level maintains its own cache directory and further
propagates the signal to other clusters of processors, as indicated by the cache tags.
The tag bits are stored in software-maintained page frame descriptors and fetched
when the memory is cached.

When a process writes a message cache line, hardware generétes a signal at
that virtual address (referred to as automatic signal-on-write) and maps the
referenced virtual address to a physical address, using a standard virtual-to-physical
address translation mechanism. The physical address is then mapped in hardware to
a cache directory entry. A cache controller generates signalis to all processors
indicated by the cache tags as recipients, possibly including the next lower level
cache (such as the third level cache), which then propagates the signal further as
appropriate. The signal is transmitted over each bus as a special bus transaction
specifying the address and control lines indicating the affected processors. With
direct cache-to-cache transfer, the cache line can be transmitted as part of the same
bus transaction.

When it receives a signal bus transaction, each processor’s bus interface
stores the address in the processor’s FIFO buffer and interrupts the processor.
When a processor receives the signal interrupt, the processor takes the next physical
address from the FIFO buffer, maps the physical address to each virtual address and
delivers the signal to each process associated with this signal area that is also
assigned to this processor. In delivery of the signal, the kernel saves the process
context and creates a stack frame to call the signal handler associated with the
signaled memory region, passing the translated signal address as the parameter. On

return from the signal handler, the process resumes without reentering the kernel.
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On systems without hardware support for automatic signal-on-write, a signal can be
generated by a kernel operation.

Address-valued signaling provides a notification mechanism for
memory-based messaging that is simple, yet efficient. The translated signal address
provides a direct, immediate and asynchronous specification to the recipient(s) of the
message, allowing each recipient to immediately locate the message within the
segment. In particular, the same signal handler procedure can be used for several
different segments and still immediately locate the signaled message using the
sﬁpplied virtual address. Furthermore, different signal handlers can be bound to
different memory regions. The particular signal handler is selected automatically
based on the region of memory in which the signal occurs.

The additional hardware to support address-valued signaling is a small
percentage of the overall hardware cost, and arguably close to zero cost in large
configurations. In particular, a FIFO buffer is required for interprocessor and
device interrupts on large-scale systems because the conventional approach of having
a dedicated bus line from interrupter to interruptee is not feasible. The FIFO buffer
stores the interrupt, allowing the sending processor or device to send the interrupt
across the interconnection network and not hold a connection. Storing a single
address, rather than the entire message, is essentially the same cost as storing a
potentially smaller value such as processor identifier or device identifier. In a
preferred embodiment, all device interrupts in the system are handled as
address-valued signals, simplifying the hardware and operating system software.

Message-oriented memory consistency is a consistency mode for a segment
of memory in which the reader of the segment is only guaranteed to see the last
write to this memory after the reader has received an address-valued signal on this
segment. In fact, a message and signal can be lost and the receiver is not
guaranteed to see the update at all. A process can only expect a new packet to be
available after an interrupt from the interface, not at the time the packet is written.
Also, if a packet is not received, or is received in a corrupted form, the data is not

available at all.
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Memory segments with message-oriented memory consistency are preferably
used in a unidirectional fashion as part of memory-based messaging. One process
binds the segment as writable and others bind it as read-only. Conseqiently, there
is generally a single writer for a set of addresses within the segment. However, a
shared channel may have multiple writers, similar to a citizen-band type radio
channel. For example, clients can use a well-known channel to multicast to locate a
server. 7

The message-oriented consistency uses an additional mode for each cache
line, as described above. Because there are extra code values available in a
particular preferred embodiment beyond those used by the conventional shared
memory states, the additional message mode does not increase the cost per cache
directory entry. The worst-case would be the addition of an extra bit per cache
directory entry, still a small percentage space overhead.

In a preferred embodiment of the invention, there is logic in the cache
controller to handle message mode. This logic is relatively simple because message
mode modifies actions already performed by the cache controller to comply with the
shared memory consistency protocol, and does not require new types of actions. In
particular, message mode requires the cache controller to generate an invalidation to
each recipient processor after the cache line has been written, rather than before as
with consistent shared memory. In a particular preferred embodiment, it is even
faster (and simpler) to have the cache controlier perform no invalidations, leaving
the signaled processors to invalidate their respective caches.

By supporting direct cache-to-cache transfers in hardware, the source
processor’s cache can transfer the cache line to the recipient processors’ caches,
providing data transfer and notification in a single bus transaction. This avoids the -
cache line transfer that normally follows the invalidation after signal reception.

Message-oriented memory consistency reduces the number of bus transactions
required to send a message compared with conventional memory consistency. FIGs.
10A-10B are block diagrams illustrating that message-oriented memory consistency

reduces the receiver’s message invalidation (61), the signaling interrupt (63), the
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message transfer (64) and corresponding acknowledgements (62,65) into a single
message delivery transaction (6%). Rather than having to invalidate (61) the
receivers’ copies of each cache line being written by the sender, as in conventional
ownership protocols (FIG. 10A), message-oriented memory consistency allows the

5 memory system to simply transmit the update (69) when the message unit has been

written (FIG. 10B). Transmitting the update (69) at this time also allows the signal
notification to be piggybacked on the data transfer, or vice versa, rather than
requiring a separate bus transaction for notification. Thus, the update traffic
matches in behavior and efficiency that of a specialized communication facility. In

10 contrast to write-update consistency protocols, message-oriented memory consistency
allows updates after a full cache line, page or segment (depending on the consistency
unit) rather than on each word write. In that vein, message-oriented memory
consistency on single cache-line messages allows the sender to ensure that the
receiver receives either all or none of the message, rather than receiving word-level

15 updates. This property is exploited in a preferred embodiment of higher-level
protocols.

The message-oriented memory consistency semantics also provides a simple
network embodiment of a shared channel segment between two or more network
nodes. In particular, an update generated at one node can be transmitted as a

20 datagram to the set of nodes that also bind the affected shared segment. The
best-efforts, but unreliable, update semantics of message-oriented consistency
obviates the complexity of handling retransmission, timeout and error reporting at
the memory level. A large-scale multiprocessor configuration can similarly afford to
discard such bus and interconnection network traffic under load or error conditions

25 without violating the consistency semantics.

Finally, message-oriented consistency minimizes the interference between the
source and destination processors. The sending processor is not delayed to gain
exclusive ownership of the cache line and the reading processors are not delayed by
cache line flushes to provide consistent data. In contrast to other relaxed memory

30 consistency models such as Stanford’s DASH release consistency, message-oriented
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consistency reduces the base number of bus transactions and invalidations required,
rather than just reordering them or allowing them to execute asynchronously.

The automatic signaling on write is on a per-cache line basis (or other
consistency unit) so that writing the last byte of such a cache line causes the
hardware to generate a signal without any further action by the writing processor. It
is understood that the hardware can signal on any other porfion of the cache line,
but in a particular preferred embodiment the last byte is the easiest convention to
use.

The cache controller monitors each write operation to the cache. If a write
operation is to a cache line in message mode and the address is the last address of
the cache line, the cache controller generates a signal bus transaction after allowing
the write to complete.

In a preferred embodiment, the on-chip, or private, cache 14 (FIG. 1) does
not support this logic. Consequently, the sender writes through the private cache 14
so that the second level cache controller 180 can detect last-byte writes, and generate
the signal. Ideally, the first-level cache controller 140 (FIG. 4) supports this
mechanism. This support adds very little complexity to an on-chip cache controller
140.

Automatic signal-on-write reduces the processing overhead on a sending
processor when no process on this processor will receive the signal. Reduced
sender overhead, in turn, shortens the latency of the message. In the absence of this
facility, the sending process must explicitly execute a kernel call, map the signal
virtual address to a physical address and then presumably access hardware facilities
to generate the signal, or at least an interprocessor interrupt of some form.
Providing kernel-level access to the cache controller to explicitly generate a signai is
more expensive in hardware than providing the logic in the cache controller to detect
and act on writes to the end of a cache line in message mode.

In automatic signal-on-write, the channel segment specifies the unit of
signaling, transparent to the sending process. For example, a receiver can pass the

sender a channel which signals on every cache line or every page, depending on the
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receiver’s choice. Without automatic signal-on-write, the sender needs to explicitly
signal and thus needs to be coded explicitly for each form of behavior, perhaps
switching between different behaviors based on the type of channel.

In message mode, a holding memory for the cache line is notified of the
update after the cache line has been written, rather than before as occurs with
conventional consistent shared memory. When a cache line in message mode is
written, the cache line is transferred directly to the set of cache controllers that have
indicated an interest in this cache line using the cache directory tags normally used
to indicate those memories holding a shared copy when the cache line is in shared
mode. These tags are cached in the cache partition when the cache line is loaded
into the local cache partition. The cache line can be invalidated in all caches when
these tags are modified, thereby preserving consistency of the tags.

This transfer uses the same direct cache-to-cache transfer mechanism that is
used to writeback a cache line in exclusive mode from one cache partition to the
peer-level owning cache partition. In the message-oriented consistency mode, the
writing process overwrites the cache line and transmits the cache line to these other
caches without first acquiring exclusive ownership of the cache line. In contrast,
conventional shared memory consistency mechanisms require the writer of a cache
line to first acquire exclusive ownership of the cache line, invalidating all copies of
the cache line that might occur in other caches.

Returning to FIG. 8, a device controller 160 participates in this protocol as
follows. When data is to be written from the device to an address in memory that is
set in message-oriented consistency mode, the data is transferred directly to the
peer-level cache controllers 180 and other device controllers according to the cache
tag bits described above. In a particular preferred embodiment, a direct transfer
only occurs if the transfer is to a single other controller, and otherwise, the data is
transferred to a next-level memory area and the cache line is invalidated in the
peer-level caches, notifying them of the revised cache line. A device controller 160
loads the tags to the affected area of memory as part of establishing access to this

memory area, either at the time a mapping of device data to this memory is setup or
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at the point the data is to be written to the area of memory. A device controller also
participates by receiving direct transfers of cache lines in message mode from othef
cache controllers and device controllers, as occurs on processor and device writing

to these cache lines.

5 Equivalents
Those skilled in art will know, or be able to ascertain using no more than

routine experimentation, many equivalents to the specific embodiments of the
invention described herein.
These and all other equivalents are intended to be encompassed by the

10 following claims.
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CLAIMS
The invention claimed is:
1. In a computer system having a plurality of data accessors, a cache memory

for providing stored cache lines to be accessed by the data accessors, the
5 cache memory comprising:

a plurality of cache memory areas at a common level of cache
memory, each cache memory area locally coupled to a respective data
accessor, the cache memory areas coupled together to form a cache memory
cluster; and

10 a plurality of local cache controllers, each local cache controller
coupled between a respective data accessor and a respective locally-coupled
cache memory area to request a cache line on behalf of the data accessor
from the respective locally-coupled cache memory area and from remaining,
remotely-coupled cache memory areas of the cache memory cluster in

15 response to an unsatisfied cache line request at the locally-coupled cache

memory area.

2. The cache memory according to Claim 1 further comprising a private cache
coupled between each data accessor and the respective local cache controller,
each data accessor having exclusive access to the fespective private cache,

20 and wherein the private cache requests a cache line from the local cache
controller only upon the cache line request being unsatisfied by the private

cache.

3. The cache memory according to Claim 1 wherein the second plurality is less

than the first plurality.
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The cache memory according to Claim 1 wherein the cache memory areas

are coupled by a shared cache interconnect.

The cache memory according to Claim 1 wherein there are less than or equal

to four cache memory areas in the cache memory cluster.

The cache memory according to Claim 1 further comprising an external data
accessor coupled to the cache memory cluster for accessing a cache line,
each cache memory area in the cache memory cluster is remotely coupled to

the external data accessor.

The cache memory according to Claim 1 wherein data has an associated
ownership in a holder memory area, the satisfaction of a memory reference
from data in the holder memory area does not affect the ownership of the

data in the holder memory area relative to more distant memory.

The cache memory according to Claim 1 wherein the cache line is accessed

for message data between data accessors.

A distributed shared cache computing system having a plurality of data
accessors for referencing data in memory, each memory reference being
satisfied from a hierarchical memory structure having a plurality of memory
levels relative to the data accessors, comprising:

a first memory level of private cache memory in the hierarchical
memory structure for satisfying memory references at the first memory level,
each private cache memory providing exclusive access to a respective data

accessor; and
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a second memory level of at least one cluster of shared cache memory

in the hierarchical memory structure for satisfying memory references at the

“second memory level, each cluster of shared cache memory being coupled to
a respective group of data accessors and distributed such that each area of the

5 cluster of shared cache memory is a local cache memory to a respective data
accessor from the group of data accessors and a remote cache memory to the

remaining at least one data accessor from the group of data accessors.

10. The distributed shared cache computing system according to Claim 9 wherein
there are four areas per cluster of shared cache memory and four data

10 accessor per group of data accessors.

11. The distributed shared cache computing system according to Claim 9 wherein
each data accessor is coupled to the remote cache memory such that a cache
miss for a memory reference request to the local cache memory is re-

requested to the remote cache memory.

15 - 12. The distributed shared cache computing system according to Claim 11
wherein each data accessor is further coupled to at least one lower memory
level, such that a cache miss for a memory reference to the respective cluster

of shared cache memory is satisfied by a more distant memory unit.

13. The distributed shared cache computing system according to Claim 9 wherein
20 the data has an associated ownership in a holder memory area, the
satisfaction of a memory reference from data in the holder memory area does
not affect the ownership of the data in the holder memory area relative to

more distant memory.

14. The distributed shared cache computing system according to Claim 9 wherein

25 the data is message data between data accessors.
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15. The distributed shared cache computing system according to Claim 9 further
comprising an external data accessor coupled to a cluster of shared cache
memory in the second memory level for accessing a cache line, each area of

the cluster is remotely coupled to the external data accessor.

5 16. A computing system having a plurality of data accessors and a multiple level
hierarchical memory structure, comprising:

a plurality of first cache memory areas, each first cache memory area
coupled to a respective data accessor for providing a private memory relative
to the respective data accessor;

10 a plurality of second cache memory areas, each second cache memory
area coupled to a resnective private memory level, each second cache
memory area providing a local cache memory relative to the respective data
accessor, a local cache memory being searched to satisfy a first cache miss in
the respective private memory; and

15 at least one shared cache interconnect to couple at least one cluster of
second cache memory areas together such that a second cache miss in a local
cache memory causes a search at the remaining second cache memory areas
from the cluster of second cache memory areas to satisfy the second cache

miss.

20 17. The computing system according to Claim 16 further comprising a plurality
of cache controller, each cache controller coupling a respective second cache
memory area to the respective private memory and the shared cache

interconnect.
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The computing system according to Claim 16 wherein each cluster of second
cache memory areas is a shared cache memory, each second cache memory
area in the cluster of second cache memory areas being an equal subset of the

shared cache memory.

The computing system according to Claim 16 wherein there are less than five

second cache memory areas in each cluster of second cache memory areas.

The computing system according to Claim 19 wherein there are four second

cache memory areas in each cluster of second cache memory areas.

The computing system according to Claim 16 further comprising an external
data accessor coupled to a cluster of second memory areas to search the
second cache memory areas to satisfy a memory reference by the external

data accessor.

The computing system according to Claim 21 wherein the external data

accessor includes a device controller.

The computing system according to Claim 16 further comprising an interface
coupled to each shared cache interconnect for coupling each respective
cluster of second cache memory areas to a respective main memory area, the
main memory area being searched to satisfy a third cache miss from the

cluster of second cache memory areas.

The computing system according to Claim 23 wherein each cluster of second

cache memory areas and the respective coupled data accessors, first cache

. memory areas, and interface are integrated as a multiprocessor module.
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25. The computing system according to Claim 23 wherein there are a plurality of
main memory areas, each main memory area coupled to at least one other
main memory area to form a cluster of main memory areas, each main
memory area serving as a local main memory to the respective cluster of

5 second cache memory areas and as a remote main memory area to the at
least one cluster of second cache memory areas coupled to respective

remaining main memory areas of the plurality of main memory areas.

26. The computing system according to Claim 25 wherein the cluster of main

memory areas are coupled by a fiber optic coupling system.

10 27. The computing system according to Claim 25 wherein the cluster of main

memory areas are coupled by a shared bus.

28. The computing system according to Claim 16 wherein the shared cache

interconnect is a shared bus.

29. The computing system a-ccording to Claim 16 wherein the shared cache
15 interconnect is an interconnection network.
30. The computing system according to Claim 16 wherein the cache memory is

accessed for message data between data accessors.

31. An integrated circuit for a multiple level hierarchical memory computing
system, comprising:
20 a data processor for requiring memory references;
a first cache memory for providing a private memory level relative to
the data processor for storing a copy of data to satisfy memory references at

the first cache memory; and
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a local cache controller coupled to the private memory level for
controlling access to a respective local second cache memory and to a cluster

of remote second cache memory for requesting memory references from the

remote second cache memory.

The integrated circuit according to Claim 31 wherein the local cache
controller is cooperatively shared with at least one remote data processor,
such that the remote data processor can satisfy a memory reference from the

respective local second cache memory.

The integrated circuit according to Claim 31 further comprising a private
cache controller coupled between the data processor, the first cache memory,
and the local cache controller for controlling access to the private memory
level and requesting memory references from the local cache controller upon

a cache miss in the respective first cache memory.

In a computer system having a plurality of data accessors, a method of
providing stored cache lines from a cache memory to be accessed by the data
accessors, comprising the steps of:

distributing the cache memory into a common level of cache memory
areas, each cache memory area coupled to a respective data accessor;

forming the cache memory areas into at ieast one cache memory
cluster, the forming steps comprising:

a) associating each cache memory area with a respective data

accessor to form a local cache memory area for each data

accessor;
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b) controlling access to each cache memory area such that a
memory reference from a data accessor is requested at the
respective local cache memory area and the remaining cache
memory areas in the cache memory cluster are searched to

5 satisfy a cache miss in a local cache memory area; and
~ returning data from memory to the data accessor in satisfaction

of the memory reference.

35. The method according to Claim 34 further comprising, before the step of
returning, the step of satisfying a cache miss in a cache memory cluster from

10 memory external to the cache memory cluster.

36. The method according to Claim 34 wherein there is an external data accessor
not locally coupled to a cache memory area and the step of controlling access
includes searching the cache memory areas in the cache memory cluster to

satisfy a memory access by the external data accessor.

15 " 37. The method according to Claim 34 wherein the cache lines are accessed for

message data between data accessors.

38. A method for locating a memory reference on a multiple-level hierarchial
memory computing system having at least one data accessor for requesting
memory references to be obtained from memory, each memory level having

20 at least one memory area for storing data to satisfy memory references,
comprising the steps of:
at a memory level having at least one peer memory area, locating the
memory reference comprising the locating steps of:
a) searching a memory area that is locally coupled to the data

25 accessor requiring the memory reference;
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b) upon a memory miss at the locally-coupled memory area,

searching at least one peer memory area that is

remotely-coupled to the data accessor requiring the memory

reference; and

returning the located memory reference to the data accessor.

The method according to Claim 38 further comprising, before the step of

returning, the step of searching more distant memory relative to the data

accessor to locate the memory reference at a more distant memory.

The method according to Claim 38 wherein there is at least one data accessor

not having a locally-coupled memory area in the memory level.

The method according to Claim 40 wherein the data accessor not having a

locally-coupled memory area includes a device controlier.

The method according to Claim 38 wherein the referenced memory contains

message data between data accessors.

A method of communicating between data accessors in a cache memory

computing system, comprising the steps of:

providing a cache line in a cache memory area shared between the °

data accessors;

binding at least one receiver data accessor to receive message data

from the cache line;

from a sender data accessor, writing message data to the cache line;

and

delivering the message data from the cache line to the receiver data

accessor.
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44. The method according to Claim 43 wherein the shared cache line is it a
multi-level memory hierarchy.
45. The method according to Claim 43 wherein the cache line has a message

mode and the step of binding comprises the step of setting tag bits associated
5 with the cache line to indicate the data accessors to receive message data

frqm the cache line.

46. The method according to Claim 43 wherein at least one data accessor

includes a device controller.
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national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
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Filed: 03-19-2014

Title: Multiprocessor Having Runtime
Adjustable Clock and Clock

Dependent Power Supply

Attorney Docket No.: PACT-025-PCT-
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Art Unit: 2116

Examiner: ELAMIN,
ABDELMONIEM I

Conf. #: 7671

Electronically Filed
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Information Disclosure Statement

Dear Sir:

Pursuant to 37 C.F.R § 1.56, § 1.97, and § 1.98, the Examiner’s

attention is hereby directed to the references cited on the attached

PTO/SB/08A forms.

Copies of references in compliance with the requirements of 37

CFR § 1.98(a)(2) are enclosed except the references listed below. The

copies of these references will be submitted as they become available to
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e LIBO HUANG ET AL: "A New Architecture For Multiple-
Precision Floating-Point Multiply-Add Fused Unit Design"
COMPUTER ARITHMETIC, 2007. ARITH '07. 18TH IEEE
SYMPOSIUM ON, IEEE, PI, 1. June 2007 (2007-06-01), Pages
69-76.

 MANHWEE JO ET AL: "Implementation of floating-point
operations for 3D graphics on a coarse-grained reconfigurable
architecture" SOC CONFERENCE, 2007 IEEE
INTERNATIONAL, IEEE, PISCATAWAY, NJ, USA, 26.
September 2007 (2007-09-26), Pages 127-130.

Respectfully Submitted,

May 15, 2015
/Edward P. Heller IT1/
Edward P. Heller, 111
Attorney/Agent for
Applicant(s)
Reg. No. 29,075

Customer Number 73481
Edward P. Heller, 111

Chief Patent Counsel

4880 Stevens Creek Boulevard
Suite 103

San Jose, CA 95129
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First Named Inventor | Martin Vorbach
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|2116

Examiner Name

| ELAMIN, ABDELMONIEM |

Attorney Docket Number
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14219945
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Attorney Docket Number
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Application Number 14219945

Filing Date

2014-03-19

First Named Inventor | Martin Vorbach
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Examiner Name

| ELAMIN, ABDELMONIEM |

Attorney Docket Number

| PACT-025-PCT-US-D1-2C1-D1

20 6385672 2002-05-07 Wang et al.
21 6457100 2002-09-24 Ignatowski et al.
22 6467009 2002-10-15 Winegarden et al.
23 6522167 2003-02-18 Ansari et al.
24 6571322 2003-05-27 Arimilli et al.
25 7036106 2006-04-25 Wang et al.
26 7924837 2011-04-12 Shabtay et al.
27 7933838 2011-04-26 Ye
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
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Application Number 14219945
Filing Date 2014-03-19

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Martin Vorbach

Art Unit | 2116

Examiner Name | ELAMIN, ABDELMONIEM |

Attorney Docket Number | PACT-025-PCT-US-D1-2G1-D1

2 20050257179 Al 20051117 Stauffer David R. et al.

3 20060036988 Al 2006-02-16 Allen Tim et al.

If you wish to add additional U.S. Published Application citation information please click the Add button. Add

FOREIGN PATENT DOCUMENTS Remove
Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Foreign Document Country Kind | Publication Avblicant of cited where Relevant T5
Initial” No | Number3 Code? j Code4| Date PP Passages or Relevant
Daocument .
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If you wish to add additional Foreign Patent Document citation information please click the Add button ~ Add
NON-PATENT LITERATURE DOCUMENTS Remove
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Katherine Compton, Scott Hauck, Reconfigurable computing: a survey of systems and software, ACM Computing D
Surveys (CSUR), v.34 n.2, p.171-21 0, June 2002.

If you wish to add additional non-patent literature document citation information please click the Add button ~ Add
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Examiner Signature Date Considered

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 801.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. ® Applicant is to place a check mark here if]
English language translation is attached.
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Application Number 14219945
Filing Date 2014-03-19

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Martin Vorbach

Art Unit | 2116

Examiner Name | ELAMIN, ABDELMONIEM |

Attorney Docket Number | PACT-025-PCT-US-D1-2G1-D1

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
[] from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e}(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

[] A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature [Edward P. Heller IIl/ Date (YYYY-MM-DD) 2015-07-02

Name/Print Edward P. Heller Il Registration Number 29075

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTQ. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Infermation Act

(5 U.S.C. 552} and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a

request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
hisfher designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Electronic Patent Application Fee Transmittal
Application Number: 14219945
Filing Date: 19-Mar-2014
Title of Invention: l;/louvlvtie;sr;uc:;;r Having Runtime Adjustable Clock and Clock Dependent
First Named Inventor/Applicant Name: Martin VORBACH
Filer: Edward Peter Heller/Emi Rhodes
Attorney Docket Number: PACT-025-PCT-US-D1-2C1-D1
Filed as Large Entity
Filing Fees for Utility under 35 USC 111(a)
Description Fee Code Quantity Amount Sub-Total in
UsD($)
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
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Description Fee Code Quantity Amount USD($)
Miscellaneous:
Submission- Information Disclosure Stmt 1806 1 180 180
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Electronic Acknowledgement Receipt

EFS ID: 22815065
Application Number: 14219945
International Application Number:
Confirmation Number: 7671

Title of Invention:

Multiprocessor Having Runtime Adjustable Clock and Clock Dependent
Power Supply

First Named Inventor/Applicant Name:

Martin VORBACH

Customer Number:

73481

Filer:

Edward Peter Heller/Emi Rhodes

Filer Authorized By:

Edward Peter Heller

Attorney Docket Number: PACT-025-PCT-US-D1-2C1-D1
Receipt Date: 02-JUL-2015
Filing Date: 19-MAR-2014
Time Stamp: 14:25:27

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type Credit Card
Payment was successfully received in RAM $180

RAM confirmation Number 1628

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:

Document s . File Size(Bytes)/ Multi Pages
Document Description File Name A . .
Number Message Digest | Part/.zip| (ifappl.)
) . 613171
1 Information Disclosure Statement (IDS) PACT-025-PCT-US-D1-2C1- o 6
Form (SB08) D1_150701_IDS_SBO8a.pdf
4f4ebee9e24aa’064f9ea96d9%e084bel3d0
381dc
Warnings:
Information:
COMPTON_ET_AL__R fi 11604113
2 Non Patent Literature . econtigur no 41
ableComputing.pdf
397d76d1453bb763776bdfc933692b2f6bh
Sadle
Warnings:
Information:
30773
3 Fee Worksheet (SB06) fee-info.pdf no 2
1145ce7179fd9bc07029924971438634 1061
Warnings:
Information:
Total Files Size (in bytes):| 12248057

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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9 6119181 2000-09-12 Vorbach et al.

10 6138198 2000-10-24 Garnett et al.

1" 6226714 2001-05-01 Safranek et al.

12 6321296 2001-11-20 Pescatore
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14 6425068 2002-07-23 Vorbach et al.

15 6457100 2002-09-24 Ignatowski et al.
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17 6643747 2003-11-04 Hammarlund et al.
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Filing Date 2014-03-19
INFORMATION DISCLOSURE First Named Inventor | Martin Vorbach
STATEMENT BY APPLICANT  ——— EIE
( Not for submission under 37 CFR 1.99)
Examiner Name | ELAMIN, ABDELMONIEM |
Attorney Docket Number | PACT-025-PCT-US-D1-2G1-D1
20 6868476 2005-03-15 Rosenbluth et al.
21 6895452 2005-05-17 Coleman et al.
22 7043416 2006-05-09 Lin
23 8463835 2013-06-11 Walke
24 9047440 2015-06-02 Vorbach et al.
25 6381687 2002-04-30 Sandstrom et al.
26 9147623 2015-09-29 Lua et al.
27 9099460 2015-08-04 Cho et al.
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( Not for submission under 37 CFR 1.99)

First Named Inventor | Martin Vorbach
Art Unit | 2116
Examiner Name | ELAMIN, ABDELMONIEM |

Attorney Docket Number |PACT-025-PCT-US-D1-201-D1

2 20110060942 Al 2011-03-10 VORBACH Martin

If you wish to add additional U.S. Published Application citation information please click the Add button. Add

FOREIGN PATENT DOCUMENTS Remove
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Examiner| Cite | Foreign Document Country Kind | Publication Applicant of cited where Relevant Ts
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1 10028397 1 DE 2001-12-20 VORBACH

If you wish to add additional Foreign Patent Document citation information please click the Add button ~ Add

NON-PATENT LITERATURE DOCUMENTS Remove
. . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
Examiner| Cite S . . )
it (bcok, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s}, Ts
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publisher, city and/or country where published.
1 Silberschatz and Galvin, Operating System Concepts, 1998, Addison Wesley, 5th edition, ISBN 0-201-59113-8, 31 I:l
pages
2 Altera FLEX 10K Embedded Programmable Logic Family Data Sheet; October 1998, ver. 3.13; pages 1 -21. ]
3 Hauser, John Reid, Augmenting a Microprocessor with Reconfigurable Hardware, University of California, Berkeley, ]
Fall 2000.

If you wish to add additional non-patent literature document citation information please click the Add button ~ Add
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*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
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STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Martin Vorbach

Art Unit | 2116

Examiner Name | ELAMIN, ABDELMONIEM |

Attorney Docket Number | PACT-025-PCT-US-D1-2G1-D1

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 801.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. ® Applicant is to place a check mark here if]
English language translation is attached.
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Application Number 14219945
Filing Date 2014-03-19

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Martin Vorbach

Art Unit | 2116

Examiner Name | ELAMIN, ABDELMONIEM |

Attorney Docket Number | PACT-025-PCT-US-D1-2G1-D1

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
[] from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) moare than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e}(2).

[] See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

A certification statement is not submitted herewith.
SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /Edward P. Heller/ Date (YYYY-MM-DD) 2015-11-24

Name/Print Edward P. Heller Registration Number 29075

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTQ. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:
1. The information on this form will be treated confidentially to the extent allowed under the Freedom of Infermation Act

(5 U.S.C. 552} and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a

request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
hisfher designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Beschreibung
Aufgabe der Erfindung und Anwendungsbereiche

[0001] RDY/ACK/REI-Protokoll und Deadlock-Freiheit.

[0002] Das aus PACT10 bekannte RDY/ACK/RE]J Protokoll kann nicht iiber mehrere Register gepipelined werden.
[0003] Zur Erhohung der Grundfrequenz einer VPU sind mehrere Registerstufen jedoch zwingend notwendig. Da-
durch ergibt sich eine unakzeptable Verzégerung bis zum Fintreffen der Quittierung der Konfigurationsdaten bei dem
CT.

[0004] Es werden im folgenden zwei grundlegende Losungen fiir dieses Problem aufgezeigt:

1. Lookup-Tabellen

[0005] Ineine CT oder 2602 interne Tabelle wird der Zustand der einzelnen PAEs verwaltet. D. h. fiir jede PAE exisi-
tert ein Eintrag, der anzeigt ob die PAE unkonfiguriert werden kann.

a) Jede PAE sendel ein Statussignal an die Tabelle wenn sich ihr Zustand von "nicht umkonfigurierbar” auf "konfi-
gurierbar" dndert. Dieses Statussignal kann gepipelined gesendet werden.

b) Ebenfalls ist es méglich, daB ein Statussignal fiir eine Gruppe von PAEs gesendet wird, das anzeigt, daB sich der
Zustand fiir die gesamte Gruppe gezndert hat. Uber eine Liste werden simtliche PAEs die zur Gruppe gehéren aus-
gewihlt und der Zustand fiir jede einzelne PAE in der 'labelle gedndert.

[6006] Zur Uberpriifung des Zustandes einer PAE wird

a) vor dem Ausfithren der pa-Befehle wird jede darin enthaltene PAE gepriift, indem fiir jede PAE ein Lookup in
der Tabelle durchgefithrt wird. Eine nicht konfigurierbare PAE fiihrt zu einem Abbruch, der pa-Befehl wird nicht
ausgefiihrt; oder

b) beim Absenden der Adresse der Ziel-PAE durch ein pa-Befehl wird die Lookuptabelle abgefragt und dement-
sprechend ein ACK oder REJ generiert (dieser Ansatz entspricht dem herkdmmlichen RDY/ACK/RE]J Verfahren).

2. Auswerten der ACK/REJ Quittierung mit Latency

[0007] Das RDY-Signal wird mit den Konfigurationsdaten iiber mehrere Pipeline-Stufen an die Ziel-PAE gesendet.
Die Konfigurationsdaten werden nicht sofort im entsprechenden Konfigurationsregister gespeichert, sondern in ein tem-
pordres Register geschrieben. Die PAE generiert die ACK/REJ-Quittierung gemah des intern verwalteten Umkonfigura-
tionsstatus (vgl. PACT10). Die Quittierung wird ebenfalls gepipelined an die CT zuriickgesendet. In der CT existiert ein
Zihler der bei jedem eintreffenden ACK um eins erhht wird, In einem separaten Register wird gespeichert, ob ein REJ
auftrat wurde.

[0008] Nachdem der pa-Befehl abgeschlossen wurde wird nach einer Latency von n-Takten der Zihler und das Regi-
ster ausgewertet. Ist in dem Register ein REJ vermerkt, muf der pa-Befehl nochmals ausgefiihrt werden. Dazu wird der
Zzhlerstand entweder in den Offsetspeicher kopiert (pabmm) oder in das angegebene Register gespeichert (pabmr). Der
Wert repriésentiert das Konfigurationswort, das mit einem REJ-quittiert wurde und nochmals ausgefiihrt werden muB.
[0009] Terminiert der pa-Befehl ohne Auftreten eines REJ wird ein Signal STORE an die beteiligten PAEs gesendet.
Daraufhin werden die Konfigurationsworter von dem temporédren Register in das entsprechende Konfigurationsregister
geschrieben und die Datenoperationen werden gestartet.

[0010] IST DAS SAUBER? DEADLOCK, was ist mit PAEs, die nach dem REJ aufgrund der Latency noch Daten ab-
bekamen?!

[0011] Keine OK-Leitung verwenden, sondern ein Register bei den entsprechenden PAEs einfuehren.

Wave-Reconfiguration

[0012] Durch eine geeignete Hardwarearchitektur (vgl. Fig. 10/11) ist es moglich mehrere Module zu iiberlappen.
D. h. mehrere Module sind gleichzeitig in den PAEs vorkonfiguriert und es kann mit minimalem Zeitaufwand zwischen
den Konfigurationen umgeschaltet werden, so da3 aus einer Menge von mehreren Konfigurationen pro PAE immer ge-
nau eine Konfiguration aktiviert ist.

[0013] Wesentlich ist, da3 dabei in einer Menge von PAEs in die ein Modul A und B vorkonfiguriert ist, ein Teil der
Menge mit einem Teil von A und eine anderer Teil der Menge gleichzeitig mit einem Teil B aktiviert sein kann. Dabei ist
die Trennung der beiden Teile exakt durch die PAE gegeben, in der der Umschaltezustand zwischen A und B auftritt. Das
bedeutet, daB ausgehend von einem bestimmten Zeitpunkt bei allen PAEs bei denen vor diesem Zeitpunkt A zur Ausfiih-
rung aktiviert war B aktiviert ist und bei allen anderen PAEs nach diesem Zeitpunkt immer noch auf A aktiviert ist. Mit
steigender Zeit wird bei immer mehr PAEs B aktiviert.

[0014] Die Umschaltung erfolgt aufgrund von bestimmten Daten, Zustidnden die sich aus der Berechnung der Daten er-
geben oder aufgrund beliebiger anderer Ereignisse, die beispielsweise von extern oder der CT generiert werden.

[0015] Das bewirkt, daf direkt nach Verarbeitung eines Datenpaketes zu einer anderen Konfiguration umgeschaltet
werden kann. Gleichzeitig/Alternativ kann ein Signal (RECONFIG-TRIGGER) an den CT gesendet werden, das das
Vorladen von neuen Konfigurationen durch den CT bewirkt. Das Vorladen kann dabei auf anderen von der aktuellen Da-
tenverarbeitung abhéngigen oder unabhingigen PAEs erfolgen. Durch eine Entkopplung der aktiven Konfiguration von

b

INTEL - 1008
Page 382 of 590



DE 10028397 Al

den zur Unkonfiguration zur Verfiigung stehenden Konfigurationen (vgl. Fig. 10/11) kénnen auch gerade arbeitende (ak-
tive) PAEs, insbesondere auch die PAE, die den RECONFIG-TRIGGER erzeugte, mit neuen Konfigurationen geladen
werden. Dies ermoglicht eine mit der Datenverarbeitung iiberlappende Konfiguration,
[0016] In Fig. 13 ist das Grundprinzip der Wave-Reconfiguration (WRC) dargestellt. Dabei wird von einer Reihe von
PAEs (PAE1-9) ausgegangen, durch die die Daten pipelineghnlich laufen. Es wird ausdriicklich darauf hingewiesen, dall s
WRC nicht auf Pipelines beschrinkt ist und die Vernetzung und Gruppierung der PAEs jede beliebige Form annehmen
kann. Die Darstellung wurde jedoch gewhlt um ein einfaches Beispiel zum besseren Versténdnis zu zeigen.
[0017] In Fig. 13a l4uft ein Datenpaket in die PAEL. Die PAE besitzt 4 mogliche Konfigurationen (A, E, H, C), die
durch eine geeignete Hardware (vgl. Fig. 10/11) wihlbar sind. Die Konfiguration F ist in in PAE1 fiir das aktuelle Da-
tenpaket aktiviert (schraffiert dargestellt). 10
[0018] Im nichsten Takt lduft das Datenpakt nach PAE2 und ein neues Datenpaket erscheint in PAE1. Auch in PAE2 ist
F aktiv. Zusammen mit dem Datenpaket erscheint ein Ereignis (]1) bei PAE1. Das Ergnis entsteht durch Eintreffen eines
beliebigen Ereignisses von aussen bei der PAE (z. B. eines Statusflags oder Triggers) oder wird innerhalb der PAE durch
die ausgefithrte Berechnung generiert.
[0019] In Fig. 13¢ wird in PAE1 aufgrund des Ereignisses (11) die Konfiguration H aktiviert, gleichzeitig erscheintein 15
neues Ereignis (12), das im n#chsten Takt (Fig. 13d) die Aktivierung von Konfiguration A bewirkt.
[0020] In Fig. 13e trifft (13) bei PAE1, die das Uberschreiben von F mit G bewirkt (Fig. 130). Durch das Eintreffen von
(14) wird G aktiviert (Fig. 13g). (15) bewirkt das Laden von K anstelle von C (Fig. 13h, 1) und ({6) lidt und startet F an-
stelle von H (Fig. 13j).
[0021] In den Fig. 13g*) bis 13j*) wird verdeutlicht, daB beim Durchlaufen einer Wave-Reconfiguration nicht alle 20
PAEs nach demselben Muster arbeiten miissen. Wie eine PAE von einer Wave-Reconfiguration konfiguriert wird, ist
prinzipiell abhingig von ihrer eigenen Konfiguration. Hier soll dargestellt werden, dafl PAE4 bis PAEG derart konfigu-
riert sind, daB sie anders auf die Ereignisse reagieren, als die {ibrigen PAEs. Beispielsweise wird in Fig. 13g*) aufgrund
von Ereignis 12 nicht A sondern H aktiviert (vgl. Fig. 13g). Dasselbe gilt fiir 13h*). Aufgrund von Ereignis 13 wird in
Fig. 13i*) nicht G geladen, sondern die Konfiguration F bleibt bestehen und A bleibt aktiviert. In Fig. 13j*) ist bei PAE7 25
angedeutet, daf Ereignis |3 wieder das Laden von G auslsen wird. In PAFA4, bewirkt das Ereignis {4 das Aktivieren von
F anstatt der Konfiguration G (vgl. Fig. 13j).
[0022] In Fig. 13 bewegt sich eine Welle von Umkonfigurationen aufgrund von Ereignissen durch eine Menge von
PAE:s, die 2- oder mehrdimensional ausgestaltet sein kann.
[0023] Esist nicht zwingend notwendig, daf eine einmal stattfindende Umkonfiguration durch die gesamten FluB hin- 30
weg stattfindet. Beispielsweise kénnte die Umkonfiguration mit der Aktivierung von A aufgrund des Ereignisses (]2) nur
lokal in den PAEs] bis 3 und PAE7 statifinden, wihrend in allen anderen PAEs weiterhin die Konfiguration H aktiviert
bleibt.
[0024] Mit anderen Worten:
35
a) Es ist moglich, daB ein Ereigniss nur lokal auftritt und daher nur lokal eine Umaktivierung zur Folge hat,
b) ein globales Ereignis, hat moglicherweise keine Auswirkung auf manche PAEs; abhingig vom ausgefiihrten Al-
gorithmus.

[0025] Bei den PAEs die nach (]2) weiterhin H aktiviert halten, kann selbstverstindlich das Eintreffen des Ereignisses 40
(13) vollkommen andere Auswirkungen haben, (I) wie etwa das Aktivieren von C statt dem Laden von G, (ii) anderer-
seits kénnte (13) auf diese PAEs auch gar keinen EinfluB haben.

Das Prozessormodell

45
[0026] Die in den folgenden Figuren gezeigten Graphen besitzen als Graphenknoten immer in Modul, wobei davon
ausgegangen wird, dafl mehrere Module auf einen Zielbaustein abgebildet werden kdnnen. Das heifit, obwohl alle Mo-
dule zeitlich voneinander unabhéngig sind, wird nur bei den Modulen eine Umkonfiguration durchgefiihrt, und/oder ein
Datenspeicher eingefiigt, die mit einem vertikalen Strich und At markiert sind. Dieser Punkt wird Umkonfigurationszeit-
punkt genannt. 50
[0027] Der Umkonfigurationszeitpunkt ist abhingig von den bestimmten Daten oder den Zusténden die sich aus der
Verarbeitung der bestimmten Daten ergeben.
[0028] Das bedeutet zusammenfassend:

1. GroBe Module knnen an geeigneten Stellen partitioniert werden und in kleine zeitlich voneinander unabhingige 55
Module zerlegt werden, die optimal in das Array aus PAEs passen.

2. Bei kleinen Modulen die gemeinsam auf einen Zielbaustein abgebildet werden konnen, wird auf die zeitliche
Unabhingigkeit verzichtet. Dadurch werden Konfigurationsschritte eingespart und die Datenverarbeitung beschleu-
nigt.

3. Die Umkonfigurationszeitpunkte werden entsprechend der Ressourcen der Zielbausteine positioniert. Dadurch 60
ist eine beliebige Skalierung der Graphenlinge gegeben.

4. Module kénnen tberlagert konfiguriert werden.

5. Die Umkonfiguration von Modulen wird durch die Daten selbst oder dem Ergebnis der Verarbeitung der Daten
gesteuert.

6. Die von den Modulen generierten Daten werden gespeichert und die zeitlich nachfolgenden Module lesen die 65
Daten aus diesem Speicher aus und speichern die Ergebnisse wiederum in einen Speicher oder geben das Endergeb-

nis an die Peripherie aus.
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Die Zustandsinformationen des Prozessormodells

[0029] Zur Bestimmung der Zustidnde innerhalb eines Graphen werden die Statusregister der einzelnen Zellen (PAEs)
tiber ein zusétzlich zum Datenbus (0801) existierendes, frei rout- und segmentierbares Status-Bussystem (0802) allen an-
deren Rechenwerken zur Verfiigung gestellt (Fig. 8b). Das bedeutet, daB eine Zelle (PAE X) die Statusinformation einer
andern Zelle (PAE Y) evaluieren kann und dementsprechend die Daten verarbeitet. Um den Unterschied zu bestehenden
Parallelrechnersystemen zu verdeutlichen, ist in Fig. 8a der Stand der Technik angegeben. Dabei ist ein Multiprozessor-
system gezeigt, dessen Prozessoren iiber einen gemeinsamen Datenbus (0803) miteinander verbunden sind. Ein explizi-
tes Bussystem fiir den synchronen Austausch von Daten und Status existiert nicht.

[0030] Mit anderen Worten ausgedriickt, stellt das Netzwerk der Statussignale (0802) ein frei und gezielt verteiltes Sta-
tusregister eines einzelnen herkommlichen Prozessors (oder mehrerer Prozessoren eines SMP-Computers) dar. Der Sta-
tus jeder einzelnen ALU (bzw. jedes einzelnen Prozessors) und insbesondere jede einzelne Information des Status steht
jeweils dem oder den ALUs (Prozessoren) zur Verfligung, die die Information bendtigen. Dabei entsteht keine zusatzli-
che Programm- oder Kommunikationslaufzeit (abgesehen von den Signalllaufzeiten) um die Informationen zwischen
den ALUs (Prozessoren) auszutauschen.

[0031] Abschlielend soll angemerkt werden, daB je nach Aufgabe sowohl der Datenfluigraph, als auch der Kontroll-
fluBgraph entsprechend dem beschriebenen Verfahren behandelt werden kann.

Virtual Machine Modell

[0032] Die Grundlagen der Datenverarbeitung mit VPU-Bausteinen sind entsprechend der vorhergehenden Abschnitte
hauptsichlich datenfluorientiert. Um sequentielle Programme mit ordentlicher Leistung abzuarbeiten, ist es jedoch not-
wendig ein sequentielles Datenverarbeitungsmodell zur Verfiigung zu haben. Dabei sind oftmals die Sequenzer in den
einzelnen PAEs nicht ausreichend.

[0033] Die Architektur von VPUs ermdglicht jedoch grundsitzlich den Aufbau von beliebig komplexen Sequenzern
aus einzelnen PAEs.

[0034] Das bedeuted:

1. Es konnen komplexe Sequenzer konfiguriert werden, die exakt den Anforderungen des Algorithmus entspre-
chen.

2. Der DatenfluB kann durch entsprechende Konfiguration, exakt die Rechenschritte des Algorithmus reprisentie-
ren.

[0035] Dadurch kann eine Virtuelle Maschine auf VPUs implementiert werden, die insbesondere auch den sequentiel-
len Anforderungen eines Algorithmus entspricht.

[0036] Hauptvorteil der VPU-Architektur ist, dal ein Algorithmus durch einen Compiler so zerteilt werden kann, daf3
die DatenfluBteile extrahiert werden durch einen "optimalen" Datenfluf représentiert werden, indem ein angepafiter Da-
tenflu} konfiguriert wird UND die sequentiellen Teile des Algorithmus durch einen "optimalen” Sequenzer reprasentiert
werden, indem ein angepaBter Sequenzer konfiguriert wird. Dabei kénnen gleichzeitig mehrere Sequenzer und Daten-
fliisse auf einer VPU untergebracht werden, ausschlieBlich abhiingig von den zur Verfiigung stehenden Ressourcen.
[0037] Durch die grobe Anzaht an PAIls entstehen im Betrieb innerhalb einer VPU sehr viele lokalen Zustinde. Bei
Taskwechseln oder Unterprogramm-Aufrufen (Interrupts) miissen diese Zustinde gesichert werden (vgl. PUSH/POP bei
Standardprozessoren). Dies ist jedoch aufgrund der Menge an Zustinden nicht sinnvoll moglich.

[0038] TUm die Zustidnde auf eine handhabbare Menge zu reduzieren mufl zwischen zwei Arten von Zustinden unter-
schieden werden:

1. Zustandsinformationen des Maschinenmodells (MACHINE-STATE). Diese Zustandsinformationen sind nur in-
nerhalb der Abarbeitung eines bestimmten Modules giiltig und werden auch nur lokal in den Sequenzern und Da-
tenfluBeinheiten dieses bestimmten Modules verwendet. D. h, diese MACHINE-STATEs reprisentieren die Zu-
stidnde, die in Prozessoren nach dem Stand der Technik verdeckt innerhalb der Hardware ablaufen, implizit in den
Befehlen und den Verarbeitungsschritten sind und nach Ablauf eines Befehles keine weitere Information fiir nach-
folgende Befehle beinhalten. Derartige Zustdnde brauchen nicht gesichert zu werden. Bedingung dafiir ist, daf In-
terrupts nur nach kompletter Ausfithrung aller gerade aktiven Module durchgefiihrt werden. Stehen Interrupts zur
Ausfithrung an, werden keine neuen Module geladen, sondern nur noch aktive abgearbeitet; ebenfalls werden den
aktiven Modulen, soweit es der Algorithmus zuldBt keine neuen Operanden mehr zugefiihrt, Dadurch wird ein Mo-
dul zu einer atomaren nicht unterbrechbaren Einheit, vergleichbar mit einer Instruktion eines Prozessors nach dem
Stand der Technik.

2. Zusténde der Datenverarbeitung (DATA-STATE). Die datenbezogenen Zustéinde miissen beim Auftreten eines
Interrupts entsprechend den Prozessormodellen nach dem Stand der Technik gesichert und in den Speicher ge-
schrieben werden. Das sind bestimmte notwendige Register und Flags oder — entsprechend der Begriffe der VPU-
Technologie — Trigger.

[0039] Bei den DATA-STATESs kann die Handhabung je nach Algorithmus weiter vereinfacht werden. Zwei grundle-
gende Strategien werden im Folgenden n#hers erldutert:

1. Mitlaufen der Zustandsinformation

[0040] Dabei werden alle relevanten und zu einem spiteren Zeitpunkt bendtigten Zustandsinformationen von einem
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Modul zum néchsten iibertragen, wie es in Pipelines oftmals standardmiBig implementiert ist. Die Zustandsinformatio-

nen werden dann zusammen mit den Daten implizit in einem Speicher abgelegt, sodafl die Zustinde bei einem Abruf der
Daten zugleich zur Verfiigung stehen. Ein explizites Handhaben der Zustandsinformationen i. b. mittels PUSH und POP
entfallt dadurch, was je nach Algorithmus einerseits zu einer wesentlichen Beschleunigung der Abarbeitung und ande-
rerseits zu einer vereinfachten Programmierung fiihrt. 5
[0041] Die Zustandsinformaton kann wahlweise entweder mit dem jeweiligen Datenpaket gespeichert werden, oder

nur im Falle eines Interrupts gesichert und besonders gekennzeichnet werden.

2. Sichern der Reentry Adresse

10
[0042] Bei der Verarbeitung von groBen Datenmengen, die in einem Speicher abgelegt sind, ist kann es sinnvoll sein
die Adresse mindestens einer der Operanden des gerade verarbeiteten Datenpaketes mit dem Datenpaket zusammen
durch die PAEs zu leiten. Dabei wird die Adresse nicht modifiziert sondern steht beim Schreiben des Datenpaketes in ein
RAM als Pointer auf den letzten verarbeiteten Operanden zur Verfiigung.
[0043] Dieser Pointer kann wahlweise entweder mit dem jeweiligen Datenpaket gespeichert werden, oder nur im Falle 15
eines Interrupts gesichert und besonders gekennzeichnet werden. Insbesondere, wenn sidmtliche Pointer auf die Operan-
den durch eine Adresse (oder eine Gruppe von Adressen) berechnet werden konnen ist es sinnvoll nur eine Adresse (oder
eine Gruppe von Adressen) zu sichern.

"ULIW"-"UCISC"-Modell 20

[0044] TFir das Verstidndnis dieses (einem Prozessor nach dem Stand der Technik sehr #hlichen) Modells ist eine Erwei-
terung der Betrachtungsweise der Architektur von VPUs erforderlich. Dabei dient das Virtual-Machine Modell als
Grundlage.

[0045] Das Array aus PAEs (PA) wird als in ihrer Architektur konfigurierbare Recheneinheit betrachtet. Der/die CT(s) 25
stellen eine Ladeeinheit (LOAD-UNIT) fiir Opcodes dar. Die IOAG(s) libernehmen das Businterface und/oder den Re-
gistersatz.

[0046] Diese Anordnung ermoglicht zwei grundsatzliche Funktionsweisen, die im Betrieb gemischt verwendbar sind:

1. Eine Gruppe von PAEs (das kann auch eine PAE sein) wird zur Ausfithrung eines komplexen Befehls oder Be- 30
fehlsfolge konfiguriert und danach werden die auf diesen Befehl bezogenen Daten (das kann auch ein einziges Da-
tenwort sein) verarbeitet. Danach wird diese Gruppe umkonfiguriert, zur Abarbeitung des néchsten Befehles. Dabei
kann sich die GroBe und Anordnung der Gruppe dndern. GemiR den bereits besprochenen Partitionierungstechno-
logien obliegt es dem Compiler, moéglichst optimale Gruppen zu schaffen. Durch den CT werden Gruppen als Be-
fehle auf den Baustein "geladen”, dadurch ist des Verfdhren mit dem bekannten VLIW vergleichbar, nur daff erheb- 35
lich mehr Rechenwerke verwaltet werden UND die Vernetzungsstruktur zwischen den Rechenwerken ebenfalls
vom Instruktionswort abgedeckt werden kann (Ultra Large Instruction Word = "ULIW"). Dadurch 148t sich ein sehr
hoher Instruktion Level Parallelism (ILP) erreichen. (siche auch Fig. 27). Ein Instruktionswort entspricht dabei ei-

nem Modul. Mehrere Module kénnen gleichzeitig verarbeitet werden, sofern es die Abhingigkeit der Daten zul4dft

und geniigend Ressourcen auf dem Baustein frei sind, Wie bei VLIW-Befehlen wird fiir gewdhnlich nach Ausfith- 40
ren des Instruktionswortes sofort das nichste Instruktionswort geladen. Zur zeitlichen Optimierung ist es dabei
moéglich das nichste Instruktionswort bereits wihrend der Ausfithrung vorzuladen (vgl. Fig. 10). Bei mehreren
mdglichen ndchsten Instruktionsworten kénnen mehrere vorgeladen werden und vor der Ausfiihrung wird z. B.
durch ein Triggersignal das korrekte Instruktionswort ausgewihlt. (siehe Fig. 4a B1/B2, Fig. 15 ID C/ID X, Fig. 36
A/B/C) 45
2. Eine Gruppe von PAEs (das kann auch eine PARB sein) wird zur Ausfithrung einer hiufig gebrauchten Befehls-
folge konfiguriert. Die Daten, das kann auch hier ein einzelnes Datenwort sein, werden bei Bedarf der Gruppe zu-
gefiihrt und von der Gruppe empfangen. Diese Gruppe bleibt iiber eine Vielzahl von Takten ohne Umkonfiguration
bestehen. Vergleichbar ist diese Anordnung mit einem speziellen Rechenwerk in einem Prozessor nach dem Stand

der Technik (z. B. MMX), das flir Spezialaufgaben vorgesehen ist und nur bei Bedarf verwendet wird. Durch diesen 50
Ansatz sind Spezialbefehle entsprechend des CISC-Prinzipes generierbar, mit dem Vorteil, da3 diese Befehle an-
wendungsspezifisch geschaffen werden kénnen (Ultra-CISC = "UCISC™).

Erweiterung des RDY/ACK-Protokolls (vgl. PACT02) 55

[0047] In PACTO2 ist ein RDY/ACK-Standardprotokoll beschrieben, das die wesentlichen Anforderungen gemil den
Synchronisationen von DE 44 16 881 in Hinblick auf eine typische DatenfluBapplikation beschreibt. Nachteil des Proto-
kolles ist, daf3 lediglich Daten gesendet und der Empfang bestétigt werden kann. Der umgekehrte Fall, indem Daten an-
gefordert werden und das Versenden bestitigt wird (im Folgenden REQ/ACK genannt, ist zwar elektrisch mit demselben 60
7Zweidrahtprotokoll 16shar, jedoch semantisch nicht erfafir. Das gilt insbesondere, wenn REQ/ACK und RDY/ACK ge-
mischt betrieben werden.

[0048] Daher wird die klare Unterscheidung der Protokolle eingefiihrt:

RDY: Daten liegen beim Versender fiir den Empfénger bereit

REQ: Daten werden vom Empfinger beim Versender angefordert 65
ACK: Allgemeine Bestitigung fiir erfolgten Empfang oder Versand

(Prinzipiell kénnten auch zwischen ACK fiir ein RDY und einem ACK fiir ein REQ unterschieden werden, jedoch ist in

den Protokollen die Semantik des ACKs fiir gewdhnlich implizit).
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Speichermodell

[0049] In VPUs kénnen Speicher integriert werden (einer oder mehrere), die dhnlich einer PAE angesprochen werden.
Es wird im folgenden ein Speichermodell beschrieben, das gleichzeitig ein Interface zu externer Peripherie und/oder ex-
ternem Speicher darstellt:

[0050] Ein VPU-interner Speicher mit PAE-dhnlichen Busfunktionen kann verschiedene Speichermodi darstellen:

. Standardspeicher (Random Access)

. Cache (als Erweiterung des Standardspeichers)
. Lookup-Tabelle

FIFO

. LIFO (Stack)

oL

[0051] Dem Speicher ist ein steuerbares Interface zugeordnet, das Speicherbereiche wahlweise wort- oder blockweise
schreibt oder liest.
[0052] Dadurch ergeben sich folgende Nutzungsméglichkeiten:

1. Entkopplung von Datenstrémen (FIFO)

2. Schneller Zugriff auf selektierte Speicherbereiche eines externen Speichers, was eine Cacheidhnliche Funktion
darstellt (Standardspeicher, Lookup-Tabelle)

3. Stack mit variierbarer 'liefe (LIFO)

[0053] Dabei kann das Interface benutzt werden, es ist jedoch nicht zwingend notwendig, wenn die Daten z. B. aus-
schlieBlich lokal in der VPU verwendet werden und der Speicherplatz eines internen Speichers ausreicht.

Stack Modell

[0054] Durch Verwendung des REQ/ACK-Protokolls und der internen Speicher im LIFO-Modus kann ein einfacher
Stack-Prozessor aufgebaut werden. Dabei werden temporire Daten von den PAEs auf den Stack geschrieben und bei Be-
darf von dem Stack geladen. Die hierfiir notwendigen Compilertechnologien sind hinreichend bekannt. Durch die vari-
ierbare Stacktiefe, die durch einen Datenaustausch des internen Speicher mit einem externen Speicher erreicht wird,
kann der Stack beliebig grofl werden.

Akkumulator Modell

[0055] Jede PAE kann eine Recheneinheit nach dem Akkumulatorprinzip darstellen. Wie aus PACTO2 bekannt ist es
moglich die Ausgangsregister auf den Eingang der PAE riickzukoppeln. Dadurch entsteht ein Akkumulator nach dem
Stand der Technik. In Verbindung mit dem Sequenzer nach Fig. 11 lassen sich einfache Akkumulator-Prozessoren auf-
bauen.

Register Modell

[0056] Durch Verwendung des REQ/ACK-Protokolls und der internen Speicher im Standardspeicher-Modus kann ein
einfacher Register-Prozessor aufgebaut werden. Dabei werden die Registeradressen von einer Gruppe von PAEs gene-
riert, wihrend eine andere Gruppe von PAEs die Verarbeitung der Daten tibernimmt.

Architektur des Speichers

[0057] Der Speicher besitzt zwei Interface. Ein erstes, das den Speicher mit dem Array verbindet und ein zweites, das
den Speicher mit einer IO-Einheit verbindet. Zur Verbesserung der Zugriffszeit sollte der Speicher als Dual-Ported-RAM
ausgestaltet sein, wodurch Schreib- und Lesezugriffen unabhéngig voneinander erfolgen kénnen.

[0058] Das erste Interface ist iibliches PAE-Interface (PAEI), das den Zugang zum Bussystem des Arrays gewihrlei-
stet, sowie die Synchronisation und Triggerverarbeitung sicherstellt. Trigger kénnen verwendet werden und verschie-
dene Zustinde des Speichers anzuzeigen oder Aktionen im Speicher zu erzwingen, beispielsweise

1. Empty/Full: Beim Einsatz als FIFO wird der FIFOQ-Zustand "voll", "fast-voll", "leer”, "fast-leer" angezeigt;
2. Stack overrunfunderrun: Beim Einsatz als Stack werden Uberlauf und Unterlauf des Stacks signalisiert;

3. Cache hit/miss: Im Cache-Mode wird angezeigt, ob eine Adresse im Cache gefunden wurde;

4. Cache flush: Durch einen Trigger wird das Schreiben des Caches in den externen RAM erzwungen.

[0059] Dem PAE-Interface zugeordnet ist eine konfigurierbare Zustandsmaschine, die die verschiedenen Betriebsarten
steuert. Der Zustandsmaschine ist ein Zihler zugeordnet um die Adressen im FIFO- und LIFO-Modus zu generieren. Die
Adressen werden Uiber einen Multiplexer an den Speicher geflihrt, damit zusétzlich Adressen, die im Array generiert wer-
den an den Speicher gefiihrt werden konnen.

[0060] Das zweite Interface dient zum Anschluf einer I0-Einheit (IOI). Die I0-Einheit ist als konfigurierbarer Kon-
troller mit einem externen Interface ausgestaltet. Der Kontroller liest oder schreibt wort- oder blockweise Daten in bzw.
aus dem Speicher. Die Daten werden mit der IO-Einheit ausgetauscht. Weiterhin unterstiitzt der Kontroller mittels eines
zusitzlichen TAG-Speichers diverse Cache-Funktionen.
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[0061] IOI und PAEI sind miteinander synchronisiert, sodaf keine Kollision der beiden Interface eintritt. Die Synchro-
nistation ist je nach Betriebsart unterschiedlich, wihrend beispielsweise im Standardspeicher- oder Stack-Mode immer

nur entweder das IOI oder das PAEI auf den gesamten Speicher zugreifen kann, ist im FIFO-Modus die Synchronisation
zeilenweise, d. h. wihrend IOI auf eine Zeile x zugreift, kann das PAEI auf jede andere Zeile ungleich x gleichzeitig zu-
greifen. 5
[0062] Die IO-Einheit wird entsprechend der peripheren Erfordernisse ausgestaltet, beispielsweise:

SDRAM Kontroller

RDRAM Kontroller

DSP-Bus Kontroller 10
. PCI Kontroller

. Serieller Kontroller (z. B. NGIO)

. Spezial Purpose Kontroller (SCSI, Ethernet, USB, etc.)

[0063] FEine VPU kann beliebige Speicherelemente mit beliebigen IO-Einheiten besitzen. Dabei konnen unterschiedli- 15
che IO-Einheiten auf einer VPU implementiert sein.

Funktionsweise
1. Standardspeicher 20
1.1 intern/lokal

[0064] Uber das PAEI werden Daten und Adressen mit Speicher ausgetauscht. Die adressierbare Speichergrofe ist
durch die Speichergrdfe beschrinkt. 25

1.2 extern/memory mapped window

[0065] TUber das PAEI werden Daten und Adressen mit dem Speicher ausgetauscht. Im Kontroller des IQI ist eine Ba-
sisadresse im externen Speicher angegeben. Der Kontroller liest blockweise Daten von der externen Speicheradresse und =~ 30
schreibt sie in den Speicher, wobei die internen und externen Adressen jeweils inkrementiert (oder dekrementiert) wer-
den; so lange, bis der gesamte interne Speicher iibertragen wurde oder eine voreingestellte Grenze erreicht wurde. Das
Array arbeitet mit den lokalen Daten, bis diese vom Kontroller wieder in den externen Speicher geschrieben werden. Das
Schreiben verlduft analog dem beschriebenen Lesevorgang.

[0066] Das Lesen und Schreiben durch den Kontroller kann 35

a) durch Trigger angestolen werden oder
b) durch einen Zugriff des Arrays auf eine nicht lokal

gespeicherte Adresse. Greift das Array auf eine derartige Adresse zu, wird zunéchst der interne Speicher in den externen 40
geschrieben und danach der Speicherblock um die gewiinschte Adresse nachgeladen.
[0067] Diese Betriebsart ist besonders fiir die Implementierung eines Registersatzes fiir einen Registerprozessor inter-
essant. Durch einen Trigger kann in diesem Fall das Push/Pop des Registersatzes mit dem externen Speicher fiir einen
Taskwechsel oder eine Kontextumschaltung realisiert werden.
45
1.3 extern/lookup table

[0068] Die Lookup Tabellen Funktion ist eine Vereinfachung von 1.2. Dabei werden die Daten entweder einmal oder
mehrmals durch einen CT-Aufruf oder einen Trigger vom externen RAM in den internen gelesen. Das Array liest Daten

aus dem internen Speicher, schreibt jedoch keine Daten in den internen Speicher. Die Basisadresse im externen Speicher 50
ist im Kontroller entweder durch die CT oder das Array gespeichert und kann zur Laufzeit verdndert werden. Das Laden

aus dem externen Speicher wird entweder von der CT oder durch einen Trigger aus dem Array ausgelost und kann eben-
falls zur Laufzeit geschehen.

1.4 extern/cached 55

[0069] In diesem Modus greift das Array wahlweise auf den Speicher zu. Der Speicher arbeitet wie ein Cache-Speicher
fiir den externen Speicher nach dem Stand der Technik. Durch einen Trigger aus dem Array oder durch die CT kann des
leeren des Caches (d. h. das vollsténdige Schreiben des Caches in den externen Speicher) hervorgerufen werden.
60
2. FTFO

[0070] Der FIFO-Modus wird iiblicherweise verwendet, wenn Datenstrome von extern an die VPU gefithrt werden.
Dann dient der FIFO als Entkopplung zwischen der externen Datenverarbeitung und der VPU-internen Datenverarbei-
tung, derart daB entweder von extern auf den FIFO geschrieben wird und von der VPU gelesen oder genau umgekehrt. 65
Die Zustéinde des FIFOs werden durch Trigger zum Array und ggf. auch nach extern signalisiert. Der FIFO selbst wird
nach dem Stand der Technik mit unterschiedlichen Schreib- und Lesezeigern implementiert.
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3. Stackfintern

[0071] Durch ein Adressregister wird ein interner Stack aufgebaut. Bei jedem Schreibzugriff auf den Speicher durch
das Array wird das Register je nach Mode (a) inkrementiert (b) dekrementiert. Bei Lesezugriffen vom Array aus wird des
Register umgekehrt (a) dekrementiert und (b) inkrementiert. Das Register stellt fir jeden Zugriff die erforderliche
Adresse zur Verfiigung, Der Stack ist durch die GréBe des Speichers begrenzt. Fehler (Uberlauf/Unterlauf) werden durch
Trigger angezeigt.

4. Stack/extern

[0072] Sofern der interne Speicher zu klein fiir den Aufbau eines Stacks ist, kann er in den externen Speicher ausgela-
gert werden. Dazu besteht im Kontrotler ein Adresszahler fur die externe Stackadresse. Wird eine bestimmte Menge an
Eintrigen im internen Stack iiberschritten, wird blockweise eine Anzahl von Eintrdgen auf den externen Stack geschrie-
ben. Der Stack wird vom Ende her, also vom iltesten Eintrag aus nach extern geschrieben, wobei eine Menge von neue-
sten Fintrdgen nicht nach extern geschrieben wird, sondern intern verbleibt. Der externe Adresszihler (ERC) wird zei-
lenweise modifiziert.

[0073] Nachdem Plalz im internen Stack geschaffen wurde mufl der verbleibende Stack-Inhalt an den Beginn des
Stacks bewegt werden, die interne Stackadresse wird entsprechend angepaft.

[0074] Eine effizientere Variante ist des Auslegen des Stacks als Ringspeicher (vgl. PACT04). Ein interner Adresszih-
ler wird durch das Hinzufiigen oder Entfernen von Stackeintréigen modifiziert. Sobald der interne Adresszihler (IAC) am
oberen Ende des Speichers tiberschreitet, zeigt er auf die unterste Adresse. Unterschreitet der IAC die unterste Adresse,
zeigt er auf die oberste. Ein zusitzlicher Zahler (FC) zeigt den Fiillstand des Speichers an, d. h. mit jedem geschriebenen
Wort wird der Zihler inkrementiert, mit jedem gelesenen dekrementiert. Anhand des FC ist erkennbar, wann der Spei-
cher leer, bzw. voll ist. Diese Technologie ist von FIFOs bekannt. Wird damit ein Block in den externen Speicher ge-
schrieben, reicht die Anpassung des FC um den Stack zu aktualisieren. Ein externer Adresszahler (EAC) zeigt immer auf
den dltesten im internen Speicher befindlichen Eintrag und befindet sich damit an dem IAC entgegengesetzten Ende des
Stacks. Der EAC wird modifiziert, wenn

(a) Daten auf den externen Stack geschrieben werden, dann l4uft er in Richtung des IAC,
(b) Daten vom externen Stack gelesen werden, dann entfernt er sich vom IAC.

[0075] Durch Uberwachung des FC wird sichergestellt, daB IAC und EAC nicht kollidieren,
[0076] Der ERC wird entsprechend der externen Stackoperation (Auf- oder Abbau) modifiziert.

MMU
[0077] Dem externen Speicherinterface kann eine MMU zugeordnet werden, die zwei Funktionen erfiillt:

1. Umrechnung der internen Adressen auf externe Adressen zur Unterstiitzung moderner Betriebsysteme
2. Uberwachung der Zugriffe auf externe Adressen, z. B. generieren eines Fehlersignales als Trigger, wenn der ex-
terne Stack tiber- oder unterlduft.

Compiler

[0078] Das erfindungsgemife Programmierprinzip der VPU-Technologie besteht darin, sequentiellen Kode zu sepa-
rieren und in méglichst viele kleine und unabhingige Teilalgorithmen zu zerlegen, wihrend die Teilalgorithmen des Da-
tenfluBcodes direkt auf die VPU abgebildet wird.

Trennung zwischen VPU- und Standart-Kode

[0079] Innerhalb einer Sprache nach den Stand der Stand der Technik représentativ fiir alle moglichen Compiler (Pas-
cal, Java, Fortran, etc} soll C++ im weiteren verwendet werden, kann eine spezielle Erweiterung (VC = Vpu C) definiert
werden, die die Sprachkonstrukte und Typen enthilt, die besonders gut auf eine VPU-Technologie abbildbar sind. VCs
diirfen vom Programmierer nur innerhalb von Proceduren oder Functionen verwendet werden, die keine anderen Kon-
strukte oder Typen verwenden. Diese Proceduren und Functionen sind direkt auf die VPU abbildbar und laufen beson-
ders effizient ab. Der Compiler extrahiert die VC im Priprozessor und gibt sie direkt an das VC-Backend-Processing
(VCBP) weiter.

Extraktion des parallelisierbaren Compiler-Kodes

[0080] Im nichsten Schritt analysiert der Compiler die restlichen C++ Codes und extrahiert die Teile (MC = mappable
(), die gut parallelisierbar und ohne den Einsatz von Sequenzern auf die VPU-Technologie abbildbar sind. Jedes ein-
zelne MC wird in ein virtuelles Array plaziert und geroutet. Danach wird der Platzbedarf, sowie die zu erwartende Per-
formance analysiert. Dazu wird das VCBP aufgerufen und die einzelnen MC werden zusammen mit den VC, die in je-
dem Fall abgebildet werden, partitioniert.

[0081] Die MCs, deren VPU-Implementierung den hochsten Leistungs-Zuwachs erzielen werden iibernommen, die
restlichen werden als C++ an die nichste Compilerstufe weitergereicht.
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Optimierender Sequenzer Generator
[0082] Diese Compilerstufe ist je nach Architektur des VPU-Systems unterschiedlich implementierbar:
1. VPU ohne Sequenzer und externer Prozessor s
[0083] Samtliche verbleibenden C++ Kodes werden fiir den externen Prozessor compiliert.

2. Nur VPU mit Sequenzer

10
2.1 Sequenzer in den PAEs
[0084] Simtliche verbleibenden C4++ Kodes werden fiir die Sequenzer der PAEs compiliert.
2.2 Konfigurierbare Sequenzer im Array 15

[0085] Der verbleibende C++ Code wird [Ur jedes unabhingige Modul analysiert. Die jeweils am besten geeignete Se-
quenzer-Variante wird aus einer Datenbank ausgewihlt und als VC-Code (SVC) abgelegt. Dieser Schritt ist meist itera-

tiv, d. h. eine Sequenzer-Variante wird ausgewihlt, der Code wird compiliert, analysiert und mit dem compilierten Code
anderer Sequenzer- Varianten verglichen. Letztlich wird der Objectcode (SVCO) des C++ Codes fiir den gewihlten SVC 20
generiert.

2.3 sowohl 2.1 als auch 2.2 werden verwendet

[0086] Die Funktionsweise entspricht der von 2.2. Fiir die Sequenzer in den PAEs bestehen besondere statische Se- 25
quenzer-Modelle in der Datenbank.

3. VPU mit Sequenzer und externer Prozessor

[0087] Auch diese Funktionsweise entspricht 2.2. Fiir den externen Prozessor existieren besondere statische Sequen- 30
zer-Modelle in der Datenbank.

Linker

[0088] Der Linker verbindet die einzelnen Module (VC, MC, SVC und SVCQO) zu einem ausfiihrbaren Programm. 35
Dazu verwendet er das VCBP um die einzelnen Module zu plazieren, zu routen und die zeitliche Partitionierung festzu-
legen. Der Linker fiigt ebenfalls die Kommunikationsstrukturen zwischen den einzelnen Modulen hinzu und fiigt gege-
benenfalls Register und Speicher ein. Aufgrund einer Analyse der Kontrollstrukturen und Abhéngigkeiten der einzelnen
Module werden Strukturen zum Speichern der internen Zusténde des Arrays und der Sequenzer fiir den Fall einer Recon-
figuration hinzugefiigt. 40

Bemerkungen zu den Prozessormodellen

[0089] Die verwendeten Maschinenmodell kénnen innerhalb einer VPU beliebig kombiniert werden. Auch innerhalb
eines Algorithmus kann je nach dem, welches Modell optimal ist, zwischen den Modellen gewechselt werden. 45
[0090] Wird einem Register-Prozessor ein weiterer Speicher zugefiigt, von dem die Operanden gelesen werden und in

den die Ergebnisse geschrieben werden, kann eine Load/Store-Prozessor aufgebaut werden. Dabei kdnnen mehrere ver-
schiedene Speicher zugeordnet werden, indem die einzelnen Operanden und das Ergebnis getrennt behandelt wird.

[0091] Diese Speicher arbeiten dann quasi als Load/Store-Einheit und stellen eine Art Cache fiir den externen Speicher

dar, Die Adressen werden durch von der Datenverarbeitung separierte PAEs berechnet. 50

Pointer Reordering

[0092] Hochsprachen wie C/C+4+ verwenden héufig Pointer, die sehr schlecht durch Pipelines gehandhabt werden kén-

nen. Wenn ein Pointer erst direkt vor dem Verwenden der Datenstrukturen auf die er zeigt, berechnet wird, kann haufig 55
die Pipeline nicht schnell genug gefiillt werden und die Verarbeitung wird speziell in VPUs ineffizient.

[0093] Sicherlich ist es sinnvoll bei der Programmierung von VPUs mdglichst keine Pointer zu verwenden, jedoch ist

das oftmals nicht moglich.

[0094] Die Losung ist, die Pointerstrukturen durch den Compiler so umzusortieren, daf3 die Pointeradressen moglichst
lange vor deren Verwendung berechnet werden. Gleichzeitig sollte es moglichst wenig direkte Abhingigkeiten zwischen 60
einem Pointer und den Daten auf die er zeigt geben.

Erweiterungen der PAEs (gegeniiber P196 5 075.9 und P196 54 846.2)
[0095] Durch P196 51 075.9 und P196 54 846.2 ist der Stand der Technik in Bezug auf die Konfigurationseigenschaf- 65

ten von Zellen (PAEs) definiert.
[0096] Dabei soll auf zwei Eigenschaften eingegangen werden:
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1. Einer PAE (0903) ist gemil P196 51 075.9 ein Satz von Konfigurationsregistern (0904) zugeordnet, der eine
Konfiguration beinhaltet (Fig. 9a).

2. Eine Gruppe von PAEs (0902) kann gemifl P196 54 846.2 auf einen Speicher zum Speichern oder Lesen von
Daten zugreifen (Fig. 9b)

[0097] Aufgabe ist es,

a) ein Verfahren zu schaffen, das das Umkonfigurieren von PAEs beschleunigt und zeitlich von der {ibergeordneten
T.adeeinheit entkoppelt, und

b) das Verfahren so auszulegen, da8 gleichzeitig die Moglichkeit geschaffen wird iiber mehrere Konfigurationen zu
sequenzen, und

c) gleichzeitig mehrere Konfigurationen in einer PAE zu halten, von denen immer eine aktiviert ist und zwischen
verschiedenen Konfigurationen schnell gewechselt werden kann.

Entkopplung der Konfigurationsregister

[0098] Das Konfigurationsregister wird von der iibergeordneten Ladeeinheit (CT) entkoppelt (Fig. 10), indem ein Satz
von mehreren Konfigurationsregistern (1001) verwendet wird. Immer genau eines der Konfigurationsregister bestimmt
selektiv die Funktion der PAE. Die Auswahl des aktiven Registers wird iiber einen Multiplexer (1002) durchgefiihrt. In
jedes der Konfigurationsregister kann die C'1' beliebig schreiben, sofern dieses nicht die aktuelle Konfiguration der PAE
bestimmt, d. h. aktiv ist. Das Schreiben auf das aktive Register ist prinzipiell moglich, dazu stehen die in PACT10 be-
schriebenen Verfahren zur Verfiigung.

[0099] Welches Konfigurationsregister von 1002 selektiert wird kann durch verschiedene Quellen bestimmt werden:

1. Ein beliebiges Status-Signal oder eine Gruppe beliebiger Status-Signale, die iiber ein Bussystem (0802) an 1002
gefiihrt werden (Fig. 10a). Dic Status-Signale werden dabei von belicbigen PAEs generiert oder durch externe An-
schliisse des Bausteins zur Verfiigung gestellt (vgl. Fig. 8)

2. Das Status-Signal der PAE, die von 1001/1002 konfiguriert wird, dient zur Selektion (Fig. 10b).

3. Ein von der tibergeordneten CT generiertes Signal dient zur Selektion (Fig. 10c).

[0100] Dabei ist es moglich wahlweise die eingehenden Signale (1003} mittels eines Registers fiir einen bestimmten
Zeitraum zu speichern und alternativ und wahlweise abzurufen.

[0101] Durch den Einsatz mehrere Register wird die CT zeitlich entkoppelt. Das bedeutet, die CT kann mehrere Kon-
figurationen "vorladen”, ohne daB eine direkte zeitliche Abhédngigkeit besteht.

[0102] ILediglich wenn das selektierte/aktivierte Register in 1001 noch nicht geladen ist, wird mit der Konfiguration
der PAE so lange gewartet, bis die CT das Register geladen hat. Um festzustellen, ob ein Register eine giiltige Informa-
tion besitzt kann beispielsweise ein "Valid-Bit" (1004) pro Register eingefiihrt werden, das von der CT gesetzt wird. Ist
0906 bei einem selektierten Register nicht gesetzt, wird iiber ein Signal die CT zum schnellstm&glichen Konfigurieren
des Registers aufgefordert.

[0103] Das in Fig. 10 beschriebene Verfahren ist einfach zu einem Sequenzer erweiterbar (Fig. 11). Dazu wird ein Se-
quenzer mit Instruktionsdekoder (1101) zur Ansteuerung der Selektionssignale des Multiplexers (1002) verwendet. Der
Sequenzer bestimmt dabei abhiingig von der aktuell selektierten Konfiguration (1102) und einer zusitzlichen Statusin-
formation (1103/1104) die n#chste zu selektierende Konfiguration. Die die Statusinformation kann

(a) der Status der Status-Signal der PAE, die von 1001/1002 konfiguriert wird sein (Fig. 11a)
(b) ein beliebiges iiber 0802 zugefiihrtes Statussignal sein (Fig. 11b)
(c) eine Kombination aus (a) und (b) sein.

[0104] 1001 kann auch als Speicher ausgestaltet sein, wobei anstatt 1002 ein Befehl von 1101 adressiert wird. Die
Adressierung ist dabei abhingig vom Befehl selbst und von einem Statusregister. Insoweit entspricht der Aufbau einer
"von Neumann" Maschine, mit dem Unterschied,

(a) der universellen Einsetzbarkeit, also den Sequenzer nicht zu verwenden (vgl. Fig. 10)
(b) daf das Statussignal nicht von dem dem Sequenzer zugeordneten Rechenwerk (PAE) generiert werden muf,
sondern von einem beleibigen anderen Rechenwerk stammen kann (vgl. Fig. 11b).

[0105] Wichtig ist, daB der Sequenzer Spriinge, insbesondere auch bedingte Spriinge, innerhalb von 1001 ausfiihren
kann.

[0106] Ein weiteres zusitzliches oder alternatives Verfahren (Fig. 12) zum Aufbau von Sequenzern innerhalb von
VPUs ist die Verwendung der internen Datenspeicher (1201, 0901) zum Speichern der Konfigurationsinformation fiir
eine PAE oder eine Gruppe von PAEs. Dabei wird der Datenausgang eines Speichers auf einen Konfigurationseingang
oder Dateneingang einer PAE oder mehrer PAEs geschaltet (1202). Die Adresse (1203) fiir 1201 kann dabei von dersel-
ben PAE/denselben PAEs oder einer oder mehreren beliebigen anderen generiert werden.

[0107] Bei diesem Verfahren ist der Sequenzer nicht fest implementiert, sondern wird durch eine PAE oder eine
Gruppe von PAEs nachgebildet. Die internen Speicher konnen Programme aus den externen Speichern nachladen (vgl.
erfindungsgeméBes Speichersystem).

[0108] Zur Speicherung von lokalen Daten (z. B. fiir iterative Berechnungen und als Register fiir einen Sequenzer)
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wird die PAE mit einem zusitzlichen Registersatz versehen, dessen einzelne Register entweder durch die Konfiguration
bestimmt, zur ALU gefiihrt oder von der ALU beschrieben werden; oder durch den Befehlssatz eines implementierten
Sequenzers frei benutzt werden kénnen (Register Mode). Ebenfalls kann eines der Register als Akkumulator (Akkumu-
lator Mode) verwendet werden. Wird die PAE als vollwertige Maschine verwendet, ist es sinnvoll eines der Register als
Adresszihler fiir externe Datenadressen zu verwenden. 5
[0109] Zur Verwaltung von Stacks und Akkumulatoren auBerhalb der PAE (z. B. in den erfindungsgemiBen Speichern)
wird das bereits beschriebene RDY/ACK REQ/ACK Synchronistionsmodell verwendet.

[0110] TAEs nach dem Stand der Technik (vgl. PACTO2) sind zur Verarbeitung von bit-weisen Operationen schlecht
geeignet, sofern die integrierte ATU bit-Operationen nicht besonders unterstiitzt, bzw. schmal (1-, 2-, 4-bit breit) ausge-

legt ist. Die Verarbeitung von einzelnen Bits oder Signalen kann effizient gewihrleistet, indem der ALU-Kern durch ei- 10
nen FPGA-Kern (LC) ersetzt wird, der konfigurierbar logische Operationen durchfihrt. Der LC ist dabei in seiner Funk-

tion und internen Vernetzung frei konfigurierbar. Es kénnen LC nach dem Stand der Technik eingesetzt werden. Fiir be-
stimmte Operationen ist es sinnvoll dem LC intern einen Speicher zuzuordnen. Die Interface-Baugruppen zwischen FC

und dem Bussystem des Arrays werden nur geringfiigig an den FC angepafit, bleiben aber grundlegend bestehen. Zur fle-
xibleren Gestaltung des Zeitverhaltens des FC ist es jedoch sinnvoll, die Register in den Interface-Baugruppen abschalt- 15
bar zu gestalten.

Figuren

[0111] In Fig. 4a sind einige grundlegenden Eigenschaften des erfindungsgeméBen Verfahrens dargestellt: 20
[0112] Die Module des I'ypes A sind zu einer Gruppe zusammengefal3t und besitzen am Ende einen bedingten Sprung,
entweder nach B1 oder B2. An dieser Position (0401) ist ein Umkonfigurationspunkt eingefiigt, da es sinnvoll ist die
Zweige des bedingten Sprunges als jeweils eine Gruppe zu betrachten (Fall 1). Wiirden dagegen beide Zweige von B (B1

und B2) zusitzlich zusammen mit A auf den Zielbaustein passen (Fall 2), wire es sinnvoll nur einen Umkonfigurations-
punkt bei 0402 einzufiigen, da dadurch die Zahl der Konfigurationen verringert wird und sich die Verarbeitungsge- 25
schwindigkeit erhoht. Beide Zweige (B1 und B2) springen bei 0402 nach C.

[0113] Dic Konfiguration der Zcllen auf dem Ziclbaustein ist in Fig. 4b schematisch dargestellt. Dabei werden dic
Funktionen der einzelnen Graphenknoten auf die Zellen des Zielbausteins abgebildet. Jeweils eine Zeile stellt eine Kon-
figuration dar. Die gestrichelten Pfeile bei einem Zeilenwechsel zeigen eine Umkonfiguration an. S, ist eine datenspei-
chernde Zelle, von beliebiger Ausgestaltung (Register, Speicher, etc.). Dabei ist S,I ein Speicher, der Daten entgegen- 30
nimmt und SO ein Speicher der Daten ausgibt. Der Speicher S, ist fiir gleiche n jeweils derselbe, I und O kennzeichnen

die Datentransferrichtung.

[0114] Beide Fille des bedingten Sprunges (Fall 1, Fall 2) sind dargestellt.

[0115] Das Modell in Fig. 4 entspricht einem DatenfluBmodell, jedoch mit der wesentlichen Erweiterung des Umkon-
figurationspunkts und der damit erreichbaren Partitionierung des Graphen, wobei die zwischen den Partitionen Ubertra- 35
genen Daten zwischengespeichert werden.

[0116] Im Modell von Fig. 5a wird aus einer beliebigen Graphenmenge und -Konstellation (0501) selektiv ein Graph

B, aus einer Menge von Graphen B aufgerufen. Nach der Ausfiihrung von B gelangen die Daten nach 0501 zuriick.

[0117] Wird in 0501 ein ausreichend groBer Sequencer (A) implementiert, ist mit dem Modell ein den typischen Pro-
zessoren sehr dhnliches Prinzip implementierbar. Dabei gelangen 40

1. Daten in den Sequenzer A, die dieser als Befehle dekodiert und entsprechend dem "von Neumann"-Prinzip dar-

auf reagiert;

2. Daten in den Sequenzer A, die als Daten betrachtet werden und an ein fest konfiguriertes Rechenwerk C zur Be-
rechnung weitergeleitet werden. 45

[0118] Der Graph B stellt selektierbar ein besonderes Rechenwerke und/oder besondere Opcodes fiir bestimmte Funk-
tionen zur Verfiigung und wird alternativ zur Beschleunigung von C verwendet. Beispielsweise kann B1 ein optimierter
Algorithmus zu Berechnung von Matrixmultiplikationen sein, wihrend B2 einen FIR-Filter und B3 eine Mustererken-
nung darstellt. Entsprechend eines Opcodes der von 0501 dekodiert wird, wird der geeignete bzw. entsprechende Graph 50
B aufgerufen.
[0119] Fig. 5b schematisiert die Abbildung auf die einzelnen Zellen, wobei in 0502 der pipelineartige Rechenwerks-
Character symbolisiert wird.
[0120] Wihrend in den Umkonfigurationspunkten von Fig. 4 vorzugsweise grofiere Speicher zum Zwischenspeichern
der Daten eingefiigt werden, ist eine einfache Synchronisation der Daten in den Umkonfigurationspunkten von Fig. 5 55
ausreichend, da der Datenstrom vorzugsweise als ganzer durch den Graphen B 14uft und der Graph B nicht weiter parti-
tioniert ist; dadurch ist das Zwischenspeichern der Daten iiberfliissig.
[0121] In Fig. 6a sind verschiedene Schleifen dargestelit. Schleifen kénnen grundsitzlich auf drei Arten behandelt
werden:
60
1. Hardware-Ansatz: Schleifen werden vollstindig ausgewalzt auf die Zielhardware ahgehildet (0601a/b). Wie be-
reits erldutert ist dies nur bei wenigen Schleifenarten maglich.
2. DatenfluB-Ansatz: Innerhalb des DatenfluBes werden Schleifen iiber mehrere Zellen hinweg aufgebaut
(0602a/b). Das Ende der Schleife wird auf den Schleifenanfang riickgekoppelt.
3. Sequenzer-Ansatz: Fin Sequenzer mit minimalem Befehlssatz fiihrt die Schleife aus (0603a/b). Dabei sind die 65
Zellen der Zielbausteine so ausgestaltet, daf sie den entsprechenden Sequenzer beeinhalten (vgl. Fig. 11a/b).

[0122] Durch eine geeignete Zerlegung von Schleifen kann deren Ausfithrung ggf. optimiert werden:
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1. Unter Verwendung von Optimierungsmethoden nach dem Stand der Technik 148t sich hiufig der Schleifen-
rumpf, also der wiederholt auszufithrende Teil, dadurch optimieren, da3 bestimmte Operationen aus der Schleife
entfernt werden und vor oder hinter die Schleife gestellt werden (0604a/b). Dadurch wird die Menge der zu sequen-
cenden Befehle erheblich reduziert. Die entfernten Operationen werden nur einmal vor bzw. nach Ausfiithrung der
Schleife durchlaufen.

2. Eine weitere Optimierungsmoglichkeit ist das Teilen von Schleifen in mehrere kleinere oder kiirzere Schleifen.
Dabei findet die Teilung derart statt, daB mehrere parallele oder mehrere sequentielle (0605a/b) Schleifen entstehen.

[0123] Fig. 7 verdeutlicht die Tmplementierung einer Rekursion. Dabei werden dieselben Ressourcen (0701) in Form
von Zellen fiir jede Rekursionsebene (1-3) verwendet. Die Ergebnisse einer jeden Rekursionsebene (1-3) werden beim
Aufbau (0711:) in einen nach dem Stack-Prinzip aufgebauten Speicher (0702) geschrieben. Gleichzeitig mit dem Abbau
(0712:) der Ebenen wird der Stack abgebaut.

[0124] In Fig. 14 wird das Virtual-Machine-Modell dargestellt. Aus einem externen Speicher werden Daten (1401) und
zu den Daten gehérende Zusténde (1402) in eine VPU (1403) gelesen.

[0125] 1401/1402 werden iiber eine von der VPU generierte Adresse 1404 selektiert. Innerhalb der VPU sind PAEs zu
unterschiedlichen Gruppen zusammengefafit (1405, 1406, 1407). Jede Gruppe besitzt einen datenverarbeitenden Teil
(1408), der lokale impilzite Zusténde (1409) besitzt, die keinen EinfluB auf die umliegenden Gruppen besitzt. Daher wer-
den dessen Zustinde nicht aulerhalb der Gruppe weitergeleitet. Er kann jedoch von den externen Zustidnden abhingig
sein. Ein weiterer Teil (1410) generiert Zustinde, die EinfluB auf die umliegenden Gruppen haben.

[0126] Die Daten und Zustinde der Ergebnisse werden in einen weiteren Speicher (1411, 1412) abgelegt. Gleichzeitig
kann die Adresse von Operanden (14004) als Pointer gespeichert (1413) werden. Zur zeitliche Synchronisation kann
1404 Gber Register (1414) gefiihrt werden.

[0127] In Fig. 14 ist zur Verdeutlichung ein einfaches Modell dargestelit. Die Vernetzung und Gruppierung kann we-
sentlich komplexer sein als in diesem Modell. Ebenfalls kénnen Zustdnde und Daten auch an weitere Module als den
Nachfolgenden tibertragen werden. Es ist moglich, daBB Daten an andere Module tibertragen werden als die Zusténde. So-
wohl Daten als auch Zustinde eines bestimmten Moduls kénnen von mehreren unterschiedlichen Modulen empfangen
werden. Innerhalb ciner Gruppe kann 1408, 1409 und 1410 vorhanden scin. Abhéngig vom Algorithmus kénnen auch
einzelne Teile fehlen (z. B. 1410 und 1409 vorhanden, 1410 jedoch nicht).

[0128] In Fig. 15 ist dargestellt wie aus einem Verarbeitungsgraphen Teilapplikationen extrahiert werden. Dabei wird
der Graph so zerlegt, dafl lange Graphen sinnvoll zerteilt werden und in Teilapplikationen (H, A, C, K) abgebildet wer-
den. Nach Spriingen werden neue Teilgraphen gebildet (C, K) wobei fiir jeden Sprung ein getrennter Teilgraph gebildet
wird.

[0129] Jeder Teilgraph ist in dem ULIW-Modell von der CT (vgl. PACT10) getrennt ladbar. Wesentlich ist, da3 Teil-
graphen durch die Mechanismen in PACT10 verwaltet werden kénnen. Dazu gehort insbesondere das intelligente Kon-
figurieren, Ausflihren/Starten und Loschen der Teilapplikationen.

[0130] 1503 bewirkt das Laden oder Konfigurieren von Teilapplikation A, wihrend Teilapplikation K ausgetiihrt wird.
Dadurch ist

a) Teilapplikation A zum Ausfithrungsende von Teilapplikation K bereits komplett in die PAEs konfiguriert, sofern
die PAEs mehrere Konfigurationsregister aufweisen;

b) Teilapplikation A zum Ausfithrungsende von Teilapplikation XK bereits in die CT geladen, sofern die PALs nur
ein Konfigurationsregister aufweisen.

[0131] 1504 startet die Ausfithrung von Teilapplikation K.

[0132] D. h. zur Laufzeit werden die nachsten benotigten Programmteile wiahrend der Abarbeitung der aktuellen Pro-
grammteile unabhingig geladen. Dadurch ergibt sich ein wesentlich effizienterer Umgang mit den Programmcode, als
bei tiblichen Cache-Mechanismen.

[0133] Bei Teilapplikationen A wird eine weitere Besonderheit dargestellt. Prinzipiell wire es denkbar beide mdgli-
chen Zweige (C, K) des Vergleiches vorzukonfigurieren. Angenommen, die Zahl der zur Verfiigung stehenden freien
Konfigurationsregister reicht dazu nicht aus, wird der wahrscheinlichere der Zweige konfiguriert (1506). Das spart zu-
dem Konfigurationszeit. Bei Ausfiihrung des nicht konfigurierten Zweigs, wird (da die Konfiguration noch nicht in die
Konfigurationsregister geladen ist) die Programmausfiihrung unterbrochen, bis der Zweig konfiguriert ist.

[0134] Grundsitzlich ist es moglich auch nicht konfigurierte Teilapplikationen auszufiihren (1505), diese miissen dann
wie zuvor beschrieben vor der Ausfiihrung geladen werden.

[0135] Ein FETCH-Befehl kann von einem Trigger mittels einer eigenen ID angestoBen werden. Damit kénnen Tei-
lapplikationen abhiingig vom Zustand des Arrays vorgeladen werden.

[0136] Das ULIW-Modell unterscheidet sich im Wesentlichen vom VLIW-Modell, indem es

1. Das Routing der Daten mit beinhaltet
2. GroBere Instruktionsworter bildet.

[0137] Ebenfalls kann das beschriebene Verfahren der Partitionierung von Compilern fiir heutige Standardprozessoren
nach dem RISC/CISC-Prinzip ebenso eingesetzt werden. Wird dann eine Einheit (CT) nach PACT10 zur Steuerung des
Befehls-Caches verwendet, kann dieser erheblich optimiert und beschleunigt werden.

[0138] Dazu werden "normale" Programme entsprechend in Teilapplikationen partitioniert. Gem#B PACT10 werden
Verweise auf mogliche nachfolgende Teilapplikationen eingefiihrt (1501, 1502). Dadurch kann eine CT die Teilapplika-
tionen bereits in den Cache vorladen bevor sie bendtigt werden. Bei Spriingen wird nur die angesprungen Teilapplikation
ausgefiihrt, die andere (n) werden spiter durch neue Teilapplikationen iiberschrieben. Neben dem intelligenten Vorladen
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hat das Verfahren den weiteren Vorteil, daff die GroBe der Teilapplikationen beim Laden bereits bekannt ist. Dadurch
k&nnen optimale Bursts beim Zugriff auf die Speicher von der CT ausgefiihrt werden, was den Speicherzugriff wiederum
erheblich beschleunigt.

[0139] Fig. 16 zeigt den Aufbau eines Stack-Prozessors. Durch das PAE-Array (1601) werden Protokolle generiert um

auf einen als LIFO konfigurierten Speicher (1602) zu schreiben oder zu lesen. Dabei wird ein RDY/ACK-Protokoll zum 5
Schreiben und REQ/ACK-Protokoll zum Lesen verwendet. Die Vernetzung und Betriebsmodi werden von der CT (1603)
konfiguriert. 1602 kann dabei seinen Inhalt auf den externen Speicher (1604) auslagern.

[0140] Eine Reihe der PAEs sollen in diesem Beispiel als Register-Prozessor arbeiten (Fig. 17). Jede PAE besteht aus
einem Rechenwerk (1701) und einem Akkumulator (1702) auf den das Ergebnis von 1701 riickgekoppelt (1703) ist. Da-

mit stellt in diesem Beispiel jede PAE einen Akkumulator-Prozessor dar. Eine PAE (1705) liest und schreibt die Datenin = 10
den als Standardspeicher konfigurierten RAM (1704). Eine weitere PAE (1706) generiert die Registeradressen.

[0141] Oftmals ist es sinnvoll eine getrennt PAE zum Lesen der Daten zu verwenden. Dann wiirde 1705 nur schreiben

und die PAE 1707 lesen. Dabei wird eine weitere PAE (1708, gestrichelt unterlegt) zum Generieren der Leseadressen ein-
zufiihren.

[0142] Esist nicht zwingend notwendig getrennte PAEs zum Generieren der Adressen zu verwendet. Oftmals sind die 15
Register implizit und kénnen dann als Konstanten konfiguriert werden von den datenverarbeitenden PAEs gesendet wer-

den.

[0143] Die Verwendung von Akkumulator-Prozessoren for einen Register-Prozessor ist beispielshaft. Ebenso kénnen
zum Aufbau von Registerprozessoren PAEs ohne Akkumulator verwendet werden. Die in Fig. 17 gezeigte Architektur
kann zur Ansteuerung von Registern als auch zum Ansteuern einer Load/Store-Einheit dienen. 20
10144] Bei der Verwendung als Load/Store-Einheit ist es tast zwingend notwendig einen externen RAM (1709) nach-
zuschalten, sodall 1704 nur einen temporiren Ausschnitt aus 1709, quasi als Cache, darstellt.

[0145] Auch bei der Verwendung von 1704 als Register-Bank ist es teilweise sinnvoll einen externen Speicher nach-
zuschalten. Dadurch kénnen PUSH/POP Operationen nach dem Stand der Technik durchgefiihrt werden, die den Regi-
sterinhalt in einen Speicher schreiben oder aus diesem Lesen. 25
[0146] In Fig. 18 ist als Beispiel eine komplexe Maschine abgebildet bei der das PAE-Array (1801) einerseits einen
Load/Store-Einheit (1802) mit nachgeschaltctem RAM (1803) anstcuert und gleichzeitig cine Register-Bank (1804) mit
nachgeschaltetem RAM (1805) aufweist. 1802 und 1804 kénnen jeweils von einer PAE oder einer beliebigen Gruppe

von PAEs angesteuert werden. Die Einheit wird gem#B dem VPU-Prinzip von einer CT (1806) gesteuert.

[0147] Wichtig ist, daB zwischen der Load/Store-Einheit (1802) und der Register-Bank (1804) und deren Ansteuerung 30
kein wesentlicher Unterschied besteht.

[0148] Die Fig. 19, 20, 21 zeigen einen erfindungsgemiBen internen Speicher, der zugleich eine Kommunikationsein-

heit mit externen Speichern und/oder Peripherie darstellt. Die einzelnen Figuren zeigen unterschiedliche Betriebsarten
desselben Speichers. Die Betriebsarten, sowie einzelne Detaileinstellungen werden dabei konfiguriert.

[0149] Fig. 192 zeigt einen erfindungsgeméBen Speicher im "Register/Cache” Modus. Im erfindungsgeméBen Speicher 35
(1901) sind Datenworte eines fiir gewohnlich groBeren und langsameren externen Speichers (1902) abgelegt.

[0150] Der Datenaustausch zwischen 1901, 1902 und den iiber einen Bus (1903) angeschlossenen PAEs (nicht darge-
stellt) findet dabei wie folgt statt, wobei unter zwei Betriebsarten unterschieden wird:

A) Die von den PAEs von dem Hauptspeicher 1902 gelesenen oder gesendeten Daten werden in 1901 mittels eines 40
Cache-Verfahrens gepuffert. Dabei kann jedes bekannte Cache-Verfahren zum Linsatz kommen.

B) Mittels einer Load/Store-Einheit werden die Daten bestimmter Adressen zwischen 1902 und 1901 iibertragen.
Dabei werden bestimmte Adressen, sowohl in 1902 als auch in 1901 vorgegeben, wobei fiir 1902 und 1901 gewéhn-
licherweise unterschiedliche Adressen verwendet werden. Die einzelnen Adressen kénnen dabei durch Konstante
oder durch Berechnungen in PAEs erzeugt werden. In dieser Betriebsart arbeitet der Speicher 1901 als Register- 45
bank.

[0151] Die Zuordnung der Adressen zwischen 1901 und 1902 kann dabei beliebig sein und hingt lediglich von den je-
weiligen Algorithmen der beiden Betriebsarten ab.

[0152] In 19b ist die entsprechende Maschine als Blockdiagramm dargestellt. Dem Bus zwischen 1901 und 1902 ist 50
eine Steuereinheit (1904) zugeordnet, die je nach Betriebsart als Load/Store-Einheit (nach dem Stand der Technik) oder

als Cache-Kontroller (nach den Stand der Technik) agiert. Dieser Finheit kann bei Bedarf eine Speicherverwaltungsein-

heit (MMU) (1905) mit Adressiibersetzung und -iiberpriifung zugeordnet werden. Sowohl 1904 als auch 1905 kann von

den PAEs angesteuert werden. So wird beispielsweise die MMU programmiert, die Load/Store Adressen gesetzt oder ein
Cache-Flush ausgelost. 55
[0153] Fig. 20 zeigt den Einsatz des Speichers (2001) im FIFO-Modus, in welchem nach dem bekannten FIFO-Prinzip
Datenstrome entkoppelt werden. Der typische Einsatz ist in einem Schreib-(20012a) oder Leseinterface (2001b). Dabei
werden Daten zwischen den PAEs, die an dem internen Bussystem (2002) angeschlossen sind und dem Peripheriebus
(2003) zeitlich entkoppelt.

[0154] Zur Steuerung des FIFOs ist eine Einheit (2004) vorgesehen, die den Schreib- und Lesezeiger des FIFOs abhdn- 60
gig von den Busoperationen von 2003 und 2002 steuert.

[0155] In Fig. 21 ist das Arbeitsprinzip der erfindungsgemiBen Speicher im Stack-Modus dargestellt. Ein Stack ist
(nach dem Stand der Technik) ein Stapelspeicher, dessen oberstes/unterstes Element das gerade Aktive ist. Daten werden
immer oben/unten angefligt, ebenso werden die Daten oben/unten entfernt. D. h. das zuletzt geschriebene Datum ist auch

das, welches zuerst gelesen wird (Last In First Out). Ob ein Stack nach oben oder unten wichst, ist unbedeutend und im- 65
plementierungsabhingig. Im folgenden Ausfiithrungsbeispiel werden Stacks betrachtet, die nach oben wachsen.

[0156] Dabei sind die aktuellsten Daten im internen Speicher 2101 gehalten, der aktuellste Eintrag (2107) befindet sich
ganz oben in 2101. Alte Eintrige sind auf den externen Speicher 2102 ausgelagert. Wichst der Stack weiter, reicht der
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Platz im internen Speicher 2101 nicht mehr aus. Bei Erreichen einer bestimmten Datenmenge, die durch eine (frei wihl-
bare) Adresse in 2101 oder einen (frei wéhlbaren) Wert in einem Eintragszihler reprisentiert sein kann, wird ein Teil von
2101 als Block an das aktuellere Ende (2103) des Stacks in 2102 geschrieben, Dieser Teil sind die dltesten und somit am
wenigsten aktuellen Daten (2104). Danach werden die verbleibenden Daten in 2101 so verschoben, da8 die nach 2102
kopierten Daten in 2101 mit den verbleibenden Daten (2105) iiberschrieben werden und somit gentigend freier Speicher
(2106) fiir neue Stackeintrdge entsteht.

[0157] Nimmt der Stack ab, werden ab einem gewissen (frei wzhlbaren) Punkt die Daten in 2101 so verschoben, da3
hinter den #ltesten und unaktuellsten Daten freier Speicher entsteht. In den freigewordenen Speicher wird ein Speicher-
block aus 2102 kopiert, der dann in 2102 geldscht wird.

[0158] Mit anderen Worten représentieren 2101 und 2102 einen einzigen Stack, wobei die gerade aktuellen Eintréige in
2101 liegen und die dlteren und weniger aktuellen in 2102 ausgelagert sind. Quasi stellt das Verfahren einen Cache fiir
Stacks dar. Da die Datenbldcke vorzugsweise per Blockoperationen iibertragen werden, kann der Datentransfer zwischen
2101 und 2102 in den schnellen Burst-Betriebsarten moderner Speicher (SDRAM, RAMBUS, etc.) ausgefiihrt werden.
[0159] Es soll nochmals erwihnt werden, dal im Ausfihrungsbeispiel in Fig, 21 der Stack nach oben wichst. Sollte
der Stack nach unten wachsen (eine hiufig verwendete Methode), sind die Positionen oben/unten und die Richtungen in
die die Daten innerhalb eines Speichers bewegt werden genau vertauscht.

[0160] Sinnvollerweise wird der interne Stack 2101 als eine Art Ringspeicher ausgestaltet, Die Dalen an einem Ende
des Ringes werden zwischen PAEs und 2101 iibertragen und am anderen Ende des Ringes zwischen 2101 und 2102. Da-
durch entsteht der Vorteil, daB einfach Daten zwischen 2010 und 2102 verschoben werden konnen, ohne EinfluB auf die
internen Adressen in 2101 zu haben. Lediglich die Positionszeiger der unteren und oberen Daten und der Fiillstandszéh-
ler miissen jeweils angepalit werden. Die Datentibertragung zwischen 2101 und 2102 kann durch die bekannten Ring-
speicher-Flags "beinahe voll (almost full)/ voll (full)" und "beinahe leer (almost empty)/leer (empty)" ausgeldst werden.
[0161] Die notwendige Hardware ist als Blockschaltbild in Fig. 21b dargestellt. Dem internen Stack 2101 ist eine Ein-
heit (2110) zur Verwaltung der Zeiger und Zihler zugeordnet. In den Bus (2114) zwischen 2101 und 2102 ist eine Einheit
(2111) zur Steverung der Datentransfers eingeschleift. Dieser Einheit kann eine MMU (2112) nach dem Stand der Tech-
nik mit den entsprechenden Priifsystemen und Adressiibersetzungen zugeordnet werden.

[0162] Dic Verbindung zwischen den PAEs und 2101 wird tiber das Bussystem 2113 realisicrt.

[0163] In Fig. 22 ist ein Beispiel fiir das Umsortieren von Graphen gezeigt. Die linke Spalte (22. .a) zeigt eine unopti-
mierte Anordnung von Befehlen. Dabei werden die Pointer A (2207a) und B (2211a) geladen. Jeweils bereits einen Takt
spater werden die Werte der Pointer bendtigt (2208a, 2212a). Diese Abhéngigkeit ist zu kurz um effizient ausgefiihrt zu
werden, da zum Laden aus dem Speicher eine bestimmte Zeit (2220a, 2221a) ben&tigt wird. Durch umsortieren der Be-
fehle (22. .b) werden die Zeitrdume maximal vergrofert (2220b, 2221b). Obwohl in 2210 und in 2208 der Wert des Poin-
ters von A bendtigt wird, wird 2208 nach 2210 einsortiert, da dadurch mehr Zeit zur Berechnung von B gewonnen wird.
Es ist méglich Berechnungen die von den Pointern unabhéngig sind (2203, 2204, 2206) beispielsweise zwischen 2211
und 2212 einzufiigen um mehr Zeit fiir die Speicherzugriffe zu erhalten. Ein Compiler oder Assembler kann hier anhand
von Systemparametern, die die Zugriffzeiten reprisentieren, die entsprechende Optimierung vornehmen.

[0164] Fig. 23 zeigt einen Sonderfall der Fig. 4-7. Haufig besteht ein Algorithmus, auch innerhalb von Schleifen, aus
DatenfluBteilen und sequentiellen Teilen. Derartige Strukturen kdénnen gem#l dem beschriebenen Verfahren unter Ein-
satz des in PACTO7 beschriebenen Bussystems effizient aufgebaut werden. Hierzu wird das RDY/ACK-Protokoll des
Bussystems zunichst um das erfindungsgemiBe REQ/ACK-Protokoll erweitert. Dadurch kénnen gezielt Registerinhalte
einzelner PALs von einer oder mehreren anderen PATs oder von der CT abgefragt werden. Cine Schleife (2305) wird nun
in mindestens zwei Graphen zerlegt, einen ersten (2301), der den DatenfluSanteil reprisentiert und einen zweiten (2302),
der den sequentiellen Anteil abbildet.

[0165] Ein bedingter Sprung wihlt zwischen den beiden Graphen. Das besondere ist nun, daBl 2302 den internen Zu-
stand von 2301 kennen zur Ausfiihrung benétigt und umgekehrt 2301 den Zustand von 2302 kennen muf.

[0166] Dies wird realisiert, indem der Zustand genau einmal, nimlich in den Registern der PAEs des performanteren
DatenfluBgraphen (2301) gespeichert wird.

[0167] Wird in 2302 gesprungen, liest der Sequenzer bei Bedarf die Zusténde der jeweiligen Register mittels des Bus-
systems aus PACTO7 aus (2303). Der Sequenzer fiihrt seine Operationen aus und schreibt alle gednderten Zustinde in die
Register (wiederum tiber das Bussystem nach PACTO7) zuriick (2304). AbschlieBend soll angemerkt werden, daB es sich
bei den besprochenen Graphen nicht unbedingt um enge Schleifen (2305) handeln mufl. Das Verfahren ist generell auf je-
den Teilalgorithmus verwendbar, der innerhalb eines Programmablaufes mehrfach ausgefiihrt wird (reentrant) und wahl-
weise entweder sequentiell oder parallel (datenfluBartig) abgearbeitet wird, wobei die Zustinde zwischen dem sequen-
tiellen und dem parallelen Teil transferiert werden miissen.

[0168] Die Waverckonfigurierung bietet erhebliche Vorteile bei der Geschwindigkeit der Umkonfiguration, insbeson-
dere bei einfachen sequentiellen Operationen.

[0169] Eine grundlegende Besonderheit dieser Verarbeitungsmethode ist, dafl der Sequenzer auch als externen Mikro-
prozessor ausgestaltet sein kann. Das bedeutet, dal ein Prozessor iiber die Datenkanile mit dem Array verbunden ist und
lokale, temporére Daten {iber Bussysteme mit dem Array austauscht. Samtliche sequentielle Teile eines Algorithmus die
nicht in das Array aus PAEs abgebildet werden kénnen werden auf dem Prozessor abgewickelt.

[0170] TEs muf zwischen drei Bussystemem unterschieden werden:

1. Datenbus, der den Austausch der verarbeiteden Daten zwischen VPU und Prozessor regelt.

2. Registerbus, der den Zugriff auf die Register der VPU ermdglicht und den somit den Datenaustausch (2302,
2304) zwischen 2302 und 2301 gewihrleistet.

3. Konfigurationsdatenbus, der das Array der VPU konfiguriert.

[0171] In Fig. 24 sind die Auswirkungen zeitlich dargestellt.
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[0172] Einfach schraffierte Flachen stellen datenverarbeitende PAEs dar, wobei 2401 PAEs nach der Umkonfiguration

und 2403 PAEs vor der Umkonfiguration zeigen. Doppelt schraffierte Flichen (2402) zeigen PAEs die gerade umkonfi-
guriert werden oder auf die Umkonfiguration warten.

[0173] Fig. 24a zeigt den EinfluB der Wave-Rekonfigurierung auf einen einfachen sequentiellen Algorithmus. Hier ist

es mogliche exakt die PAEs umzukonfigurieren, denen eine neue Aufgabe zugeteilt wird. Da in jedem Takteine PAEeine s
neue Aufgabe erhilt kann dies effizient, namlich zeitgleich durchgefiihrt werden.

[0174] Beispielsweise dargestellt ist eine Reihe von PAEs aus der Matrix aller PAEs einer VPU. Angegeben sind die
Zustinde in den Takten nach Takt t mit jeweils einem Takt Verzdgerung.

[0175] Tn Fig. 24b ist die 7zeitliche Auswirkung der Umkonfiguration von grofien Teilen dargestellt. Beispielsweise dar-
gestellt ist eine Menge von PAEs einer VPU. Angegeben sind die Zustidnde in den Takten nach Takt t mit einer unter- 10
schiedlichen Verzbgerung von jeweils mehreren Takten.

[0176] Wihrend zunéchst nur ein kleiner Teil der PAEs umkonfiguriert wird oder auf die Umkonfiguration wartet, wird
diese Fliche mit zunehmender Zeit groBer, bis alle PAEs umkonfiguriert sind. Das groBer werden der Fliche bedeutet,
dafi, bedingt durch die zeitliche Verzégerung der Umkonfiguration immer mehr PAEs auf die Umkonfiguration warten
(2402). Dadurch geht Rechenleistung verloren. 15
[0177] Es wird daher vorgeschlagen ein breiteres Bussystem zwischen der CT (insbesondere des Speichers der CT)

und den PAEs einzusetzen, das gentigend Leitungen zur Verlligung stellt, um innerhalb eines Taktes mehrere PAEs zu-
gleich umzukonfigurieren.

[0178] Fig. 25 verdeutlicht die Skalierbarkeit der VPU-Technologie. Die Skalierbarkeit geht im Wesentlichen aus dem
Ausrollen eines Graphens hervor, ohne daB eine zeitliche Abfolge einzelne Teilapplikationen trennt. Als Beispiel ist der 20
Algorithmus aus Fig. 4 gewihlt. In Fig. 25a werden die einzelnen 'leilgraphen zeitlich nacheinander auf die VPU {iiber-
tragen, wobei entweder B1 oder B2 geladen wird. In Fig. 25b werden alle Teilgraphen auf eine Menge von VPUs iiber-
tragen und mit Bussystemen untereinander verbunden. Dadurch kénnen grof3e Datenmengen ohne den negativen EinfluB

des Umkonfigurierens leistungsfihig abgearbeitet werden.

[0179] Fig. 26 zeigt eine Schaltung zur Beschleunigung der (Um-) konfigurationszeit von PAEs. Gleichzeitig kann die 25
Schaltung zur Verarbeitung von sequentiellen Algorithmen verwendet werden. Das Array von PAEs (2605) ist in meh-

rere Teile (2603) partitionicrt. Jedem Teil ist cinc cigenstiandige Einheit zur (Um-)konfiguration (2602) zugcordnct. Dic-

sen Einheiten iibergeordnet ist eine CT (2601) nach dem Stand der Technik (vgl. PACT10), die wiederum an eine weitere

CT oder an einen Speicher angeschlossen ist (2604). Die CT 14d die Algorithmen in die Konfigurationseinheiten (2602).

Die 2602 laden selbstindig die Konfigurationsdaten in die ihnen zugeordneten PAEs. 30
[0180] In Fig. 27 ist ein Aufbau einer Konfigurationseinheit dargestellt. Kern der Einheit ist ein Sequenzer (2701) der
eine Reihe von Befehlen beherrscht.

[0181] Die wesentlichen Befehle sind:

wait <trg#> Warten auf das Eintreffen eines bestimmten Triggers aus dem Array, der angibt, welche nichste Konfigura-

tion geladen werden soll. 35
lookup <trg#> Gibt die Adresse des durch einen eintreffenden Trigger aufgerufenen Unterprogramms zuriick.

jmp <adr> Sprung nach Adresse

call <adr> Sprung nach Adresse. Riicksprungadresse wird auf dem Stack gespeichert

jmp <cond> <adr> Bedingter Sprung nach Adresse

call <cond> <adr> Bedingter Sprung nach Adresse. Riicksprungadresse wird auf dem Stack gespeichert 40
ret Riicksprung auf die auf dem Stack gespeicherte Riicksprungadresse

mov <target> <source> Ubertrigt ein Datenwort von Quelle (source) an ein Ziel (target). Quelle und Ziel kénnen jeweils

in einem Speicher oder eine Peripherieadresse sein.

[0182] Im wesentlichen sind die Befehle aus PACT10, d. h. der Beschreibung der CT bekannt. Wesentlicher Unter-
schied in der Implementierung der 2602 ist, dali nur sehr einfache Befehle zur Datenverwaltung verwendet werden und 45
kein vollstindiger Mikrokontroller verwendet wird.

[0183] Eine bedeutende Erweiterung des Befehlssatzes ist der "pabm"-Befehl zum Konfigurieren der PAEs. Es stehen
zwei Befehle (pabmr, pabmm) zur Verfiigung, die folgendermassen aufgebaut sind:

50
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a)
pabmr regno count
pa_adre pa_dtae
pa_adr; pa_dta;
pa_adrcount pa_dtacount
pabmm o0 count
-offset
pa_adrp pa_dtap
pa_adn pa_dta;
pa_adrcount pa__dt Acount
b)
pabmr regno count
memref
pabmm 000 count
offset
memref

[0184] Die Befehle kopieren einen zugeordneten Block von PAE-Adressen und PAE-Daten vom Speicher zu dem
PAE- Array. Durch <count> ist angegeben, wie grofl der zu kopierende Datenblock ist. Der Datenblock ist entweder di-
rekt an den Opcode angehingt (a) oder durch Angabe der erste Speicheradresse <memref> referenziert (b).

[0185] Jede pa_adry-pa_dta,-Zeile stellt eine Konfiguration fiir eine PAE dar. Dabei gibt pa_adr,, die Adresse und
pa_dta, das Konfigurationswort der PAE an.

[0186] Aus PACT10 ist das RDY/ACK-REIJ Protokoll bekannt. Werden die Konfigurationsdaten von einer PAE ange-
nommen, quittiert die PAE die gesendeten Daten mit einem ACK. Kann dagegen eine PAE die Konfigurationsdaten nicht
annehmen, da sie sich nicht in einem umkonfigurierbaren Zustand befindet, sendet sie ein REJ zuriick. Dadurch schligt
die Konfiguration des Teilalgorithmus fehl.

[0187] Die Stelle mit REJ zuriickgewiesenen pa_adr,-pa_dta,-Zeile wird gespeichert. Die Befehle werden zu einem
spéteren Zeitpunkt erneut aufgerufen (vgl. PACT10, FILMO). Sofern der Befehl komplett abgearbeitet wurde, d. h. es
trat kein REJ auf, fiihrt der Befehl keine weitere Konfiguration durch sondern terminiert sofort. Trat ein REJ auf, springt
der Befehl direkt an die Stelle der zurlickgewiesenen pa_adry-pa_dta,-Zeile. Je nach Befehl wird die Stelle unterschied-
lich gespeichert:

pabmr: Die Adresse wird in dem mit <regno> genannten Register gespeichert.

pabmm: Die Adresse wird direkt im Befehl an der Speicherstelle <offset> gepeichert.

[0188] Die Befehle sind durch DMA-Strukturen als Speicher/IO-Transfers nach dem Stand der Technik implementier-
bar, Die DMAs werden durch eine Logik zum iiberwachen der eingehenden ACK/RE]J erweitert. Die Startadresse wird
durch <regno>, bzw. <offset> bestimmt. Die letzte Adresse des Datenblocks wird durch die Adresse des Befehls plus
dessen Opcode-Linge minus eins plus die Anzahl der pa_adr,-pa_dta,-Zeilen berechnet.

[0189] Es ist sinnvoll auch die in PACT10 beschriebene Schaltung durch die genannten Befehle zu erweitern.

[0190] Fig. 27 zeigt den Aufbau einer Einheit 2602. Die Einheit besteht aus einem Registersatz 2701 dem eine einfache
ALU fiir Stackoperationen zugeordnet ist (2702). Die Struktur enthilt Adressregister und Stackpointer. Optional kann
eine vollwertige ALU eingesetzt werden. Ein Bussystem (2703) mit minimaler Breite verbindet Register und ALU. Die
Breite ist dabei so bemessen, daf einfache KontrollfluBbefehle bzw. einfache ALU-Operationen sinnvoll dargestellt wer-
den konnen. Zusitzlich werden die vorab beschriebenen PABM-Befehle, sowie die Befehle nach PACT10 unterstiitzt.
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Register und ALU werden von einem Sequenzer 2706 gesteuert, der durch Ausfithrung von Befehlen einen vollstindigen
Microcontroller darstellt. An 2703 ist eine Einheit 2704 angeschlossen, die Trigger von den zugeordneten PAEs entge-
gennimmt und quittiert und gegebenentalls ihrerseits Trigger an die PAEs sendet.

[0191] Eingehende Trigger 16sen dabei in dem Sequenzer 2706 einen Interrupt aus oder werden durch den WAIT-Be-

fehl abgefragt. Optional an 2703 angeschlossen ist ein Interface (2705) zu einem Datenbus der zugeordneten PAEs um 5
Daten an die PAEs senden zu konnen. Beispielsweise werden die Assemblercodes eines in den PAEs implementierten
Sequenzers iiber 2705 gesendet. Das Interface enthilt sofern erforderlich einen Konverter zur Anpassung der unter-
schiedlichen Busbreiten. Die Einheiten 2701 bis 2706 sind iiber einen Multiplexer/Demultiplexer (2707) an ¢in um ein
Vielfaches breiteres Bussystem (2708) angeschlossen, das zum Speicher (2709) fiihrt. 2707 wird von den niederwertigen
Adressen des Adress-/Stackregisters angesteuert, die hoherwertigen Adressen fiihren direkt zum RAM (2711). Das Bus- 10
system 2708 fiihrt zu einem Interface (2709), das durch die PA-Befehle gesteuert wird und zum Konfigurationsbus der
PAEs fiihrt. 2708 ist bewuBt breit ausgelegt um moglichst viele Konfigurationsbits pro Takteinheit tiber 2709 an die PAEs
senden zu konnen. Ein weiteres Interface (2710) verbindet den Bus mit einer iibergeordneten CT, die Konfigurations-

und Steuerdaten mit 2602 austauscht. Die Interface 2710 und 2709 bereits mehrfach in PACT10, PACT?? beschrieben
worden. 15
[0192] Wesentlich ist, dal 2706 einen reduzierten und auf die Aufgabe optimierten Minimalsbefehlssatz beherrscht,

der vor allem auf die PA-Kominandos, Spriinge, Interrupts und Lookup-Befehle optimiert ist. Weiterhin ist das opli-
mierte breite Bussystem 2708, das iiber 2707 auf ein schmales Bussystem iibertragen wird von besonderer Bedeutung fiir

die Umkonfigurationsgeschwindigkeit der Einheit.

[0193] Fig. 27a ist eine spezielle Ausgestaltung von Fig. 27. Das Interface 2705 dient der Ubertragung von Assemb- 20
lercodes an im PAE-Array konfigurierte Sequenzer. Die Verarbeitungsleistung der Sequenzer hingt wesentlich von der
Geschwindigkeit des Interfaces 2705 und dessen Speicherzugriffes ab. In Fig. 27a ist 2705 durch eine DMA-Funktion

mit direktem Speicherzugriff (2720,) ersetzt. 2720, fiihrt eigene Speicherzugriffe aus und besitzt ein eigenes Bussystem
(2722,) mit entsprechender Anpassung der Busbreite (2721,,); dabei kann der Bus zum Laden von breiten Befehlsse-
quenzen (ULIW) verhiltnismiBig breit ausfallen, sodaBl als Grenzfall 2721, komplett entfillt. Zur weiteren Steigerung 25
der Geschwindigkeit ist der Speicher 2711 physikalisch in 2711a und 2711b, getrennt worden. Der Adressraum iiber
2711a und 2711b,, verbleibt linear, jedoch kann von 2701, 2702, 2706 auf beide Speicherbldcke unabhiéngig gleichzeitig
zugegriffen werden; 2720, kann nur auf 2711b, zugreifen. 2720,, 2721,,, und 2711b,, kann mehrfach () implementiert
sein, damit mehrere Sequenzer gleichzeitig verwaltet werden konnen. Dazu kann 2711b;, nochmal in mehrere physika-
lisch unabhéngige Speicherbereiche unterteilt werden. In Fig. 38 ist sind Implementierungsbeispiele fiir 2720, beschrie- 30
ben.

[0194] In Fig. 28 wird der Aufbau von komplexen Programmen verdeutlicht. Die Basismodule der Programme sind die
Komplex-Konfigurationen (2801) die die Konfigurationen einer oder mehrere PAEs und der dazugehérenden Bus- und
Triggerkonfigurationen beinhalten. Die 2801 werden durch einen Opcode (2802) reprisentiert, der zusitzliche Parameter
(2803) besitzen kann. Diese Parameter konnen einerseits konstante Datenwerte, variable Startwerte oder auch spezielle 35
Konfigurationen beinhalten. Es existieren je nach Funktion ein, mehrere oder auch kein Parameter.

[0195] Mehrere Opcodes greifen auf einen gemeinsamen Satz von Komplex-Konfigurationen zuriick und bilden damit
eine Opcode-Gruppe (2805). Die unterschiedlichen Opcodes einer Gruppe unterscheiden sich durch besondere Ausge-
staltungen der Komplex-Konfigurationen. Dazu werden Differenzierungen (2807) verwendet, die entweder zusitzliche
Konfigurationsworte enthalten, oder in 2801 vorkommende Konfigurationsworte iiberschreiben. 40
[0196] Tiine Komplex-Konfiguration wird, sofern keine Differenzierung erforderlich ist, direkt von einem Opcode auf-
gerufen (2806). Ein Programm (2804) setzt sich aus einer Abfolge von Opcodes mit den jeweiligen Parametern zusam-
men.

[0197] Eine komplexe Funktion kann einmal in das Array geladen werden und kann danach durch unterschiedliche Pa-
rameter oder Differenzierungen neu umkonfiguriert werden. Dabei werden nur die sich @ndernden Teile der Konfigura- 45
tion umkonfiguriert. Unterschiedliche Opcode-Gruppen greifen auf unterschiedliche Komplex-Konfigurationen zuriick.
(28054, . . ., 2805n).

[0198] Die unterschiedlichen Ebenen (Komplex-Konfiguration, Differenzierung, Opcode, Programm) werden in ver-
schiedenen Ebenen von CTs abgearbeitet (vgl. CT Hierarchien in PACT10). Die unterschiedlichen Ebenen sind in 2810
dargestellt, wobei 1 die niederste und N die hochste Ebene darstellt. CTs kénnen zu beliebig tiefen Hierarchien aufgebaut 50
werden (vgl. PACT10).

[0199] Es wird in 2801 unter zwei Arten von Codes unterschieden:

1. Konfigurationsworte, die einen Algorithmus auf das Array aus PAEs abbilden. Der Algorithmus kann dabei auch

als Sequenzer ausgestaltet sein. Die Konfiguration erfolgt iiber die Schnittstelle 2709. Konfigurationsworte werden 55
durch die Hardware definiert.

2. Algorithmusspezifische Codes, die von der moglichen Ausgestaltung eines Sequenzer oder Algorithmus abhin-

gig sind. Diese Codes werden vom Programmierer oder Compiler definiert und dienen zur Ansteuerung eines Algo-
rithmus. Ist beispielsweise ein Z80 als Sequenzer in die PAEs konfiguriert, stellen diese Codes den Opcode des Z30
Mikroprozessors dar. Algorithmusspezifische Codes werden tiber 2705 an das Array aus PAEs gesendet. 60

[0200] In Fig. 29 ist ein moglicher Grundaufbau einer PAE dargestellt. 2901 bzw. 2902 stellen die Eingangs- bzw. Aus-
gangsregister der Daten dar. Den Registern zugeordnet ist die komplette Vernetzungslogik zum Aufschalten auf den/die
Datenbusse (2920, 2921) des Arrays (vgl PACTO02). Die Triggerleitungen gem. PACTO8 werden durch 2903 vom Trig-
gerbus (2922) abgegriffen und mit 2904 auf den Triggerbus (2923) aufgeschaltet. Zwischen 2901 und 2902 ist eine ALU 65
(2905) beliebiger Ausgestaltung geschaltet. Den Datenbussen (2906, 2907) und der ALU zugeordnet ist ein Registersatz
(2915), in welchem lokale Daten gespeichert werden. Die RDY/ACK-Syncronisationssignale der Datenbusse und Trig-
gerbusse werden zu einer Statemachine (oder einem Sequenzer) (2910) gefithrt (2908), bzw. von der Einheit generiert
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(2909).

[0201] TUber eine Interfaceeinheit (2911) greift die CT mittels eines Bussystemes (2912) selektiv auf eine Mehrzahl
von Konfigurationsregistern (2913) zu. 2910 wihlt {iber einen Multiplexer (2914) jeweils eine bestimmte Konfiguration
aus, oder sequenzt iiber eine Mehrzahl von Konfigurationsworten, die dann Befehle fiir den Sequenzer darstellen.
[0202] Da die VPU-Technologie hauptséchlich gepipelinet arbeitet ist es von Vorteil entweder die Gruppe 2901 und
2903 oder die Gruppe 2902 und 2904 oder beide Gruppen zusitzlich mit FIFOs zu versehen. Dadurch kann verhindert
werden, daB eine Pipeline durch einfache Verzdgerungen (z. B. in der Synchronisation) stockt.

[0203] 2920 ist ein optionaler Buszugang, iiber den ein der Speicher einer CT (siche Fig. 27, 2720) oder ein gewShni-
cher interner Speicher an Stelle der Konfigurationsregister an den Sequenzer 2910 geschaltet werden kann. Damit sind
grofie sequentielle Programme in einer PAE ausfithrbar. Der Multiplexer 2914 wird dazu so geschaltet, da8 er nur den in-
ternen Speicher verbindet.

[0204] Die Adressen werden

a) fir den CT-Speicher durch die Schaltung in Figur. 38 generiert.
b) fiir den internen Speicher direkt von 2910 generiert.

[0205] Fig. 30 zeigt eine mogliche Erweiterung der PAE um der CT oder einem anderen zuegschalleten Mikroprozes-
sor einen Zugriff auf die Datenregister zu ermdglichen. Der Adressraum und die Interface der Buseinheit (vormals 2911,
3003) werden um die zusitzlichen Datenbusse (3001) erweitert. Den jeweiligen Registern wird ein Multiplexer (3002)
vorgeschaltet mittles dem 3003 tber den Bus 3001 Daten in das Register schreiben kann. Die Ausginge der Register
werden iiber 3001 zuriick an 3003 gefiihrt. 3003 tibertrigt die Daten zur C1' 2912.

[0206] Alternativ (3003a) zur Ubertragung der Daten zu CT ist es moglich die Daten durch ein zusitzliches Interface
(3004) auf einen von der CT unabhingigen Bus (3005) zu (ibertragen.

[0207] Fig. 31 zeigt die Kopplung des Arrays von PAEs (3101) mit einem iibergeordneten Mikrokontroller. 3101 be-
inhaltet sind sdmtliche IO-Kanile gemiB den erfindungsgemiBen Speichern. Die Architektur arbeitet gemiB Fig. 23.
2912 in Fig. 31a stellt den Bus flir die Konfigurationsdaten und Registerdaten gem. Fig. 30 zur Verfiigung. Der Datenbus
wird scparat durch 3104 dargestellt. 3102 stellt dic CT dar, dic in Fig. 31a auch den Mikroprozessor darstellt.

[0208] Fir simtliche Bussysteme bestehen unabhéngig voneinander folgende AnschluBmodelle an einen Prozessor,
die je nach Programmiermodell und unter Abwigung von Preis und Performance gewihlt werden:

1. Register-Modell

[0209] Beim Register-Modell wird der jeweilige Bus tiber ein Register angesprochen, das direkt in den Registersatz
des Prozessors integriert ist und vom Assembler als Register oder Gruppe von Registern angesprochen wird. Dieses Mo-
dell ist am effizientestens wenn einige wenige Register fiir den Datenaustausch ausreichen.

2. IO-Modell

[0210] Der jeweilige Bus liegt im IO-Bereich des Prozessors. Dies ist meistens die einfachste und kostengiinstigste Va-
riante.

3. Shared-Memory-Modell
4. Shared-Memory-DMA-Modell

[0211] Prozessor und Bus teilen sich wie im vorigen Modell denselben Speicher. Zur weiteren Geschwindigkeitsstei-
gerung existiert eine schnelle DMA (vgl. Fig. 38) die den Datenaustausch zwischen Bus und Speicher tibernimmt.
[0212] Zur Steigerung der Ubertragungszeit sollten die jeweiligen Speicher physikalisch vom iibrigen Speicher trenn-
bar sein (mehrere Speicherbanke), damit Prozessor und VPU unabhingig auf ihre Speicher zugreifen kénnen.

[0213] In Fig. 31b tibernimmt eine CT (3102) die Konfiguration des Arrays, wihrend ein dedizierter Prozessor (3103)
tiber 3006 das Programmiermodell nach Fig. 23 gewihrleistet, indem er tiber 3006 Registerdaten mit dem Array aus-
tauscht und tiber 3104 die gewohnlichen Daten austauscht.

[0214] Die Fig. 31c/d entsprechen den Fig. 31a/b, jedoch wurde flir den Datenaustausch ein Shared-Memory (3105)
zwischen dem jeweiligen Prozessor und 3101 gewihlt.

[0215] Fig. 32 zeigt eine Schaltung die es den erfindungsgemafBen Speicherelementen erméglicht gemeinsam auf einen
Speicher oder eine Gruppe von Speichern zuzugreifen, wobei jeder einzelne Speicher der Gruppe einzeln und eindeutig
adressierbar ist. Dazu werden die einzelnen Speicherelemente (3201) auf ein Bussystem geschaltet, bei dem jedes 3201
einen eigenen Bus besitzt. Der Bus kann bidirektional augestaltet sein oder durch zwei unidirektionale Busse realisiert
werden. Pro Speicher existiert ein Adress/Datenmultiplexer, der einen Bus zum Speicher durchschaltet. Dazu werden die
anliegenden Adressen jedes Busses dekodiert (3207) und danach jeweils ein Bus pro Zeiteinheit durch einen Arbiter
(3208) ausgewihlt (3204). Die entsprechenden Daten und Adressen werden auf den jeweiligen Speicherbus (3205a)
iibertragen, wobei eine Zustandsmaschine (3206) die notwendigen Protokolle generiert. Treffen bei einer Leseanforde-
rung die Daten vom Speicher ein, wird durch die jeweilige Zustandsmaschine die Adresse des Speichers auf den Bus ge-
schaltet, der die Daten anfragte. Die Adressen aller eingehenden Busse werden pro Bus des Bussystems 3202 durch eine
Multiplexereinheit ausgewertet und auf den entsprechenden Bus libertragen. Die Auswertung erfolgt entsprechend der
Auswertung der Ausgangsdaten, d. h. ein Dekoder (3209) je Eingangsbus (3205b) leitet ein Signal auf einen Arbiter
(3210), der den Daten-Multiplexer ansteuert. Damit werden pro Zeiteinheit unterschiedliche Eingangsbusse auf das Bus-
system 3202 geleitet.
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[0216] In Fig. 33 wird zur flexibleren und einfacheren Auswertung der Trigger- und RDY/ACK-Signale die starre Sta-
temachine / der starre Sequenzer 2910 durch einen frei programmierbaren (3301) ersetzt. Die vollstindige Funktion von
3301 wird durch die Konfigurationsregister 2913 vor der Ausfithrung von Algorithmen durch die CT bestimmt. Das La-

den von 3301 wird durch ein gegeniiber 2911 um die Verwaltung von 3301 erweitertes CT-Interface (3302) gesteuert.

Der Vorteil von 3301 liegt darin, daf erheblich flexibler mit den unterschiedlichen Trigger- und RDY/ACK-Signalenum- 5
gegangen werden kann, als in fest implementierten 2910. Nachteilhaft wirkt sich die GroRe eines von 3301 aus.

[0217] Ein KompromiB der zu der hchsten Flexibilitdt bei vertretbarer GroBe fiihrt ist, die Trigger und RDY/ACK-Si-
gnale durch eine Einheit gemif 3301 auszuwerten und samtliche festen Abldufe innerhalb der PAE durch eine fest im-
plementierte Einheit nach 2910 zu steuern.

[0218] Die erfindungsgemiBe PAE zur Verarbeitung von logischen Funktionen ist in Fig. 34 abgebildet. Kern der Ein- 10
heit ist eine nachfolgend detaillierter beschriebene Einheit zum verkniipfen von einzelnen Signalen (3401). Uber die iib-
lichen Register 2901, 2902, 2903, 2904 werden die Bussignale mit 3401 verbunden. Die Register werden hierzu um ei-

nen Feed-Mode erweitert, der einzelne Signale selektiv ohne sie taktsynchron zu speichern (register) zwischen den Bus-

sen und 3401 austauscht. Der Multiplexer (3402) und die Konfigurationsregister (3403) werden an die unterschiedlichen
Konfigurationen von 3401 angepaBit. Ebenso ist das CT-Interface (3404) entsprechend ausgestaltet. 15
[0219] Fig. 35 zeigt mogliche Ausgestaltungen von 3401. Ein globaler Datenbus verbindet die Logikzellen 3501 und
3502 mit den Registern 2901, 2902, 2903, 2904. Durch Busschalter, die als Multiplexer, Gatter, Transinissiongates oder
einfachen Transistoren ausgelegt sein kbnnen wird 3504 mit den Logikzellen verbunden. Die Logikzellen kdnnen entwe-

der komplett einheitlich gestaltet sein, oder unterschiedliche Funktionalitit besitzen (3501, 3502). 3503 stellt einen
RAM-Speicher dar. 20
10220] Mogliche Ausgstaltung der Logikzellen sind:

— Lookup Tabellen

- Logik

- Multiplexer 25
— Register

[0221] Die Auswahl der Funktionen und Vernetzung kann entweder flexibel programmierbar durch SRAM-Zellen er-
folgen oder mittels unverinderlicher ROM oder semistatischer FlashROM Speicher.

[0222] Zur Beschleunigung von sequentiellen Algorithmen, die schlecht parallelisiert werden kbnnen ist bei herkémm- 30
lichen Prozessoren spekulative Ausfiihrung bereits Stand der Technik. Die parallele Variante fiir VPUs ist in Fig. 36 dar-
gestellt. Die Operanden (3601) werden gleichzeitig an mehrere moglichen Pfade von Teilalgorithmen (3602a, 3602b,
3602c) getiihrt. Die Teilagorithmen konnen dabei einen unterschiedlichen Flachen- und Zeitbedarf aufweisen. Jeweils
nach den Teilalgorithmen werden die Daten erfindungsgemif gespeichert (3612a, 3612b, 3612c), bevor sie nach einer
Umkonfiguration von den néchsten Teilalgorithmen verarbeitet werden (3603). Auch die Umkonfigurationszeitpunkte 35
der einzelnen Teilalgorithmen sind voneinander unabhéngig, ebenso die Zahl der Teilalgorithmen selbst (3603, 3614).
Sobald entscheidbar ist, welcher der Pfade zu wihlen ist, werden die Pfade iiber einen Bus oder Multiplexer zusammen-
gefiihrt (3605). Von einer Bedingung generierte Triggersignale (vgl. PACTO8) (3606) bestimmen welcher der Pfade ge-
wihlt und an die nachfolgenden Algorithmen weitergeleitet wird.

[0223] Fig. 37 zeigt den Aufbau eines Hochsprachencompilers, der gewohnliche sequentielle Hochsprachen (C, Pas- 40
cal, Java) auf ein VPU-System tibersetzt. Sequentieller Code (3711) wird von parallelem Code (3708) getrennt, wodurch
3708 direkt in dem Array von PAEs verarbeitet wird.

[0224] Fiir 3711 gibt es drei Ausfiihrungsmoglichkeiten:

1. Innerhalb eines Sequenzers einer PAE (2910) 45

2. Mittels eines in die VPU konfigurierten Sequenzers. Der Compiler erzeugt hierzu einerseits einen auf die Auf-

gabe optimierten Sequenzer, andererseits direkt den algorithmenspezifischen Sequenzercode (vgl. 2801).

3. Auf einem gewohnlichen externen Prozessor (3103) Welche Moglichkeit gewihlt wird hingt von der Architek-

tur der VPU, des Computersystems und des Algorithmus ab,

50

[0225] Der Code (3701) wird zunichst in einem Préprozessor (3702) in Datenflucode (3716) (der in einer speziellen
Version der jeweiligen Programmiersprache datenfluoptimiert geschrieben wurde) und gewohnlichen sequentiellen
Code getrennt (3717). 3717 wird auf parallelisierbare Teilalgorithmen untersucht (3703), die sequentiellen Teilalgorith-
men werden ausgesondert (3718). Die parallelisierbaren Teilalgorithmen werden als Makros vorliufig plaziert und ge-
routet. 55
[0226] In einem iterativen Prozess werden die Makros mit dem datenfluBoptimierten Code (3713) zusammen plaziert,
geroutet und partitioniert (3705). Eine Statistik (3706) wertet die einzelnen Makros, sowie deren Partitionierung hin-
sichtlich der Effizienz aus, wobei die Umkonfigurationszeit und der Aufwand der Umkonfiguration in die Effizienzbe-
trachtung einfliet. Ineffiziente Makros werden entfernt und als sequentieller Code ausgesondert (3714).
[0227] Der verbleibende parallele Code (3715) wird zusammen mit 3716 compiliert und assembliert (3707) und VPU 6o
Objektcode ausgegeben (3708).
[0228] Eine Statistik iiber die Effizienz des generierten Codes, sowie der einzelnen (auch der mit 3714 entfernten Ma-
kros) wird ausgegeben (3709), der Programmierer erhilt dadurch wesentliche Hinweise auf Geschwindigkeitsoptimie-
rungen des Programmes.
[0229] Jedes Makro des verbleibenden sequentiellen Codes wird auf seine Komplexitit und Anforderungen untersucht 65
(3720). Aus einer Datenbank die von der VPU-Architektur und dem Computersystem abhéngt (3719) wird der jeweils
geeignete Sequenzer ausgewihlt und als VPU-Code (3721) ausgegeben. Ein Compiler (3721) generiert den Assembler-
code des jeweiligen Makros fiir den jeweils von 3720 gewihlten Sequenzer und gibt ihn aus (3711). Die 3710 und 3720
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sind eng miteinander verkniipft. Gegebenenfalls verlduft die Abarbeitung iterativ um den geeignetsten Sequenzer mit mi-
nimalsten und schnellsten Assemblercode zu finden.

[0230] Ein Linker (3722) fafit die Assemblercodes (3708, 3711, 3721) zusammen und generiert den ausfithrbaren Ob-
jektcode (3723).

[0231] Fig. 38 zeigt den internen Aufbau von 2720. Kern der Schaltung ist ein ladbarer Up/Down-Zihler (3801), der
seinen Startwert von der Schaltung Fig. 27 von dem Bus 3803 (entspricht 2703) iiber den entsprechend gesetzten Multi-
plexer 3802 erhilt. Der Zahler dient als Programmzahler (PC) fiir den zugeordneten Sequenzer, der Startwert ist die erste
Adresse des auszufiihrenden Programmes. Der Wert von 3801 wird iiber einen Addierer (3805) und 3802 auf den Zihler
zuriickgefithrt. Uber den Bus 3804 wird von dem Sequenzer ein Offset an 3805 gefiihrt, der entweder vom PC abgezogen
oder hinzuaddiert wird. Damit sind relative Spriinge effizient implementierbar. Der PC wird iiber den Bus 3811 an das
PAE-Array herausgefithrt und kann fiir call -Operationen auf dem Stack gespeichert werden. Fiir ret-Operationen wird
der PC tiber 3804 und 3802 vom Stack auf 3801 gefiihrt.

[0232] Uber den Multiplexer 3806 wird entweder der PC oder ein vom PAE-Array zugefiihrter Stackpointer (3807) auf
einen Addierer (3808) gefiihrt. Hier wird ein Offset den Werten abgezogen oder hinzuaddiert, der im Register 3809 ge-
speichert wird und tiber 3803 geschrieben wird. 3808 ermdglicht die Verschiebung des Programmes innerhalb des Spei-
cher 2711. Dadurch werden Garbage-Collector Funktionen zum Aufrdumen des Speichers méglich (vgl. PACT10). Die
Adressverschiebung die durch den Garbage-Collector aultritt wird durch eine Anpassung des Olffsets in 3809 ausgegli-
chen.

[0233] Fig. 38aist eine Variante von Fig. 38 in der der Stackpointer (3820) ebenfalls integriert ist. Uber 3804 wird nur
noch der Offset fiir relative Spriinge an 3805 gefiihrt (3804a). Der Stackpointer ist ein Up/Down-Zihler entsprechend
3801, dessen Startwert der den Beginn des Stack reprisentiert, und tiber 3803 geladen wird. Der PC wird direkt an den
Datenbus zum Speicher gefiihrt um iiber einen Multiplexer bei call-Operationen auf den Stack geschrieben zu werden.
Der Datenbus des Speichers wird tiber 3821 und 3802 auf 3801 zuriickgekoppelt, zur Durchfithrung von ret-Operationen.
[0234] Fig. 39 verdeutlicht die Funktionsweise der Speicher. Der Speicher (3901) wird iiber einen Multiplexer (3902)
adressiert. Im Standard-Modus, Lookup-Modus und Register Modus werden die Adressen aus dem Array (3903) direkt
an 3901 gefiihrt. Im Stack-Modus und FIFO-Modus werden die Adressen in einem up/down-Ziahler (3904) generiert. In
diecsem Fall werden dic Adressen der IO-Scite von cinem weiteren up/down-Zihler (3905) zur Verfiigung gestellt. Dic
Adressen fiir den externen RAM (oder 10) werden von einem weiteren up/down-Zahler (3906) generiert, die Basis-
adresse wird von einem Register (3907) geladen. Das Register wird von der CT oder einem externen Host-Prozessor ge-
setzt. Die gesamte Steuerung tibernimmt eine Statemachine (3908). Den Zustand des Speichers (voll, leer, halbvoll, etc.)
entnimmt 3908 einem up/down-Zzhler (3909) der die Anzahl der im Speicher befindlichen Worte zahlt. Wird der Spei-
cher blockweise veréndert (Stadt auf externen Stack schreiben oder von externem Stack lesen) wird die GroBe des Blocks
als Konstante (3917) auf einen Addierer/Subtrahierer (3910) gegeben, auf den der Zihlerstand von 3909 zuriickgekop-
pelt ist. Das Ergebnis wird nach 3909 geladen. Damit 148t sich der Zihlerstand schnell an blockweise Verdnderungen an-
passen. (Natirlich ist es méglich den Zihler auch mit jedem geschriebenen oder gelesenen Wort bei einer. Blockopera-
tion zu modifizieren). Fiir Cache-Operationen steht ein Cache-Kontroller (3911) nach dem Stand der Technik zur Verf-
gung, dem ein Tag-Speicher (3912) zugeordnet ist. Je nach Betriebsart wird der Wert von 3911 oder 3906 iiber einen
Multiplexer (3913) als Adresse nach auBen gefithrt(3914). Uber den Bus 3915 werden die Daten nach aufien gefiihrt und
iiber den Bus 3916 werden die Daten mit dem Array ausgetauscht.

Programmierbeispiele zur Verdeutlichung von Teilalgorithmen

[0235] Ein Modul kann beispielsweise folgendermafen deklariert werden:
module examplel

input (varl, var2 : ty;; var3 : tyz).

output (res1, res2 : tys).

begin

register <regnamel> (res1).

register <regname2> (res2).

terminate @ (res1 & res2; 1).

end.

module kennzeichnet den Beginn eines Modules.

input/output definiert die Ein-/Ausgangsvariablen mit den Typen ty,.

begin . .. end markieren den Rumpf des Modules.

register <regname1/2> iibergibt das Ergebnis an den Output,

wobei des Ergebnis in dem durch <regname1/2> spezifizierten Register zwischengespeichert wird. <regname1/2> ist da-
bei eine globale Referenz auf ein bestimmtes Register.

[0236] Als weitere {Tbergabemodi an den Output stehen beispielsweise folgende Speicherarten zur Verfiigung:

fifo <fifoname>, wobei die Daten an einen nach dem FIFO-Prinzip arbeitenden Speicher iibergeben werden. <fifoname>
ist dabei eine globale Referenz. auf einen bestimmten, im FIFO-Modus arbeitenden Speicher. terminate@ wird dabei um
den Parameter bzw. das Signal "fifofull" erweitert, der/das anzeigt, daf der Speicher voll ist.

stack <stackname>, wobei die Daten an einen nach dem Stack-Prinzip arbeitenden Speicher iibergeben werden. <stack-
name> ist dabei eine globale Referenz auf einen bestimmten, im Stack-Modus arbeitenden Speicher.

[0237] terminate@ unterscheidet die Programmierung entsprechend des erfindungsgeméBen Verfahrens von der her-
k&mmlichen sequentiellen Programmierung. Der Befehl definiert das Abbruchkriterium des Modules. Die Ergebnisva-
riablen res1 und res2 werden von terminate @ nicht mit ihrem tatsichlichen Wert evaluiert, statt dessen wird nur die Giil-
tigkeit der Variablen (also deren Statussignal) gepriift. Dazu werden die beiden Signale res1 und res2 boolsch miteinan-
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der verkntipft, z. B. durch eine UND-, ODER- oder XOR-Operation. Sind beide Variablen giiltig, terminiert das Modul

mit dem Wert 1. Das bedeutet, ein Signal mit dem Wert 1 wird an die {ibergeordneten Ladeeinheit weitergeleitet, worauf-

hin die tibergeordneten Ladeeinheit das nachfolgende Module 14dt.

module example2

input (varl, var2 : tys; var3 : ty;) s
output (res1, tys).

begin

register <regnamel> (varl, var2).

fifo <fifoname1> (resl1, 256).

[N 10
terminate @ (fifofull (<fifonamel>); 1).

end.

[0238] register wird in diesem Beispiel iiber input-Daten definiert. Dabei ist <regnamel> derselbe wie in examplel.
Dies bewirkt, daB das Register, das die output-Daten in examplel aufnimmt, die input-Daten fiir example2 zur Verfi-
gung stellt. 15
[0239] fifo definiert einen FIFO-Speicher der Tiefe 256 fiir die Ausgangsdaten res1. Das Full-Flag (fifofull) des FIFO-
Speichers wird in terminate @ als Abbruchkriterium verwendet.

module main

input (inl, in2 : ty;; in3 : ty,).

output (outl : tyg). 20
begin

define <regnamel>: register(234)

define <regname?2>: register(26).

define <fifonamel>: fifo(256,4). // FIFO Tiefe 256

e 25
(varl2, var72) = call examplel (inl, in2, in3).

(outl) = call example2 (varl2, var72, var243).

signal (outl) 30
terminate@ (example2).

end.

[0240] define definiert eine Schnittstelle fiir Daten (Register, Speicher, etc.). Bei der Definition werden die erforderli-
chen Ressourcen, sowie die Bezeichnung der Schnittstelle angegeben. Da die Ressourcen jeweils nur einmal zur Verfi-
gung stehen, miissen sie eindeutig angegeben werden. Damit ist die Definition global, d. h. die Bezeichnung gilt fiir das 35
gesamte Programm.

[0241] call ruft ein Modul als Unterprogramm auf.

[0242] signal definiert ein Signal als Ausgangssignal, ohne daB eine Zwischenspeicherung verwendet wird.

[0243] Durch terminate @ (example2) wird das Modul main terminiert, sobald das Unterprogramm example?2 termi-
niert. 40
[0244] Durch die globale Deklaration "define . . ." ist es prinzipiell nicht mehr notwendig, die so definierten input/out-

put Signale in die Schnittstellen-Deklaration der Module aufzunehmen.

Patentanspriiche

45

Verfahren zum Betrieb einer umkonfigurierbaren Einheit, dadurch gekennzcichnet, daBl die Quittierungssignale

der konfigurierbaren Zellen zeitlich versetzt zu deren Konfiguration ausgewertet werden.

Hierzu 44 Seite(n) Zeichnungen

50
55
60
65
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This text has been copied by the DPMA from the original sources. It does not contain any drawings. The tables and
formulas may be of unsatisfactory
Quality.
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[EN] Registration method in operating a reconfigurable unit, Involves Evaluating
acknowledgment signal of configurable cells with time offset to Configuration
[DE] registration procedure
[EN] The method Involves Evaluating the acknowledgment signal of the configurable cells with time offset to the
configuration.
[EN] The invention relates to a method for operating a reconfigurable unit. It is proposed here that acknowledgment of the
reconfigurable unit forming cells staggered to their configuration are evaluated.
Page 1 --- (Bl, AB)
Page 2 --- (DE)
Object of the invention and application areas
[0001] RDY / ACK / REJ protocol and deadlock freedom.
[0002] The method known from PACT10 RDY / ACK / REJ protocol can not be pipelined over multiple registers.
[0003] However, to increase the fundamental frequency of a VPU multiple register stages are mandatory. This results in
an unacceptable
Delay until the arrival of the acknowledgment of the configuration data for the CT.
[0004] There are shown basic solutions to this problem in the following two:
1. Lookup Tables
[0005] the state of the individual PAEs is managed in a CT or 2602 internal table. D. h. For each PAE exisitert an entry
indicating
whether the PAE can be unconfigured. a) Each PAE sends a status signal if her condition of "not reconfigurable” to the
table on
"configurable” change. This status signal can be sent pipelined. b) It is also possible that a status signal for a group of
PAEs is sent, indicating that the state of the entire group has changed. About a list, all PAEs to the group
are selected and changed to the state for each of PAE in the table.
[0006] To check the status of a PAE
a) before executing the commands every pa contained therein PAE is checked by a lookup is performed in the table for
each PAE. One
not configurable PAE leads to discontinuation of the PA command is not executed; or b) when sending the address of the
target PAE through a pa-
Command queries the Lookuptabelle and accordingly generates an ACK or REJ (this approach corresponds to the
conventional RDY / ACK /
REJ process).
2. Evaluating the ACK / REJ acknowledgment with Latency
[0007] The RDY signal is sent to the configuration data on several pipeline stages to the target Pll. The configuration data
not immediately stored in the appropriate configuration registers, but written in a temporary register. The PAE generates
the ACK/REJ
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Acknowledgment according to the internally managed Umkonfigurationsstatus (cf.. PACT10). The acknowledgment will
also be sent back to the pipelined CT.

In the CT, a counter is incremented at each incoming ACK by one exists. In a separate register is saved if an REJ
occurred

has been.

[0008] After the pa-command has completed will be evaluated after a latency of n-cycles, the counter and the register. Is
in the

Register noted a REJ, the PA command must be executed again. For this purpose, the count is either copied to the offset
memory

(pabmm) or saved in the specified registry (pabmr). This value represents the configuration word, which was a REJ
acknowledged and

must be carried out again.

[0009] Terminates the PA command without occurrence of a REJ is sent to the participating PAEs a signal STORE.
Subsequently, the

Configuration words from the temporary register written to the corresponding configuration register and the data
operations

started.

[0010] The clean? DEADLOCK, what PAEs that still abbekamen data after REJ due to the latency ?!

[0011] Do not use OK line, but to introduce a register in the corresponding PAEs.

Wave Reconfiguration

[0012] By a suitable hardware architecture (see. Fig. 10/11), it is possible to overlap a plurality of modules. le there are
several modules.

at the same time pre-configured in the PAEs and it can be switched with a minimum of time between the configurations,
so that from a

Crowd of several configurations per PAE configuration is activated always accurate.

This text has been copied by the DPMA from the original sources. It does not contain any drawings. The tables and
formulas may be of unsatisfactory

Quality.

[0013] It is essential that this in an amount of PAEs into a module A and B is pre-configured, part of the crowd with a
portion of A and

a different part of the amount may be activated simultaneously with part B. The separation of the two parts is given exactly
by the PAE,

in the Umschaltezustand between A and B occurs. This means that, starting from a certain time before all PAEs in which
this time A was activated for execution B is activated and is in all other PAEs after that date still enabled on A. With
increasing time is activated when an increasing number of PAEs B.

[0014] The switchover takes place on the basis of certain data, states that arise from the calculation of the data or due
any other events that are generated, for example, by external or CT.

[0015] The causes directly after processing of a data packet can be switched to a different configuration. At the same time
/

Alternatively, a signal (RECONFIG TRIGGER) are sent to the CT, which causes pre-charging of new configurations by the
CT.

The preloading can dependent on another of the current data processing or carried out independent PAEs. By decoupling
the

active configuration

Page 3 --- (DE)

the available for Unkonfiguration configurations (see Fig.. 10/11) can also just working (active) PAEs, in particular

the PAE, which produced the RECONFIG trigger, be loaded with new configurations. This allows for the data processing
overlapping configuration.

[0016] In Fig. 13, the basic principle of wave reconfiguration is shown (WRC). This is based on a number of PAEs (PAE1-
9),

through which the data passes pipeline similarly. It is expressly noted that WRC is not limited to pipelines and networking
and grouping of the PAEs can take any form. The presentation, however, was chosen by a simple example to better

To show understanding.

[0017] In Fig. 13a, a data packet passes in the PAE1. The PAE has 4 possible configurations (A, F, H, C), which by a
suitable hardware (see FIG.

Fig. 10/11) are selectable. The configuration F (hatched) in in PAE1 activated for the current data packet.
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[0018] In the next cycle, the data packet after PAE2 and a new data packet is running appears in PAE1. Also in PAE2 F is
active. Together with the

Data packet appears an event (& uarr; 1) at PAE1. The Ergnis caused by the arrival of any event from the outside in the
PAE (z. B.

a status flag or trigger) or is generated within the PAE by the calculation performed.

Configuring H enabled simultaneously appears a new event; is [0019] In Figure 13c in PAE1 consequence of the
occurrence (1 & uarr). (& Uarr; 2)

the next cycle (Fig. 13d) causes the activation of configuration A.

. [0020] In Figure 13e applies (uarr; 3) at PAE1 that causes the overwriting of F and G (Fig 13f.). By the arrival of (uarr;
4) G is activated

(Fig. 13g). (uarr; 5) causes the loading of K instead of C and (uarr; 6) (Fig 13h, i.) loads and starts F instead of H (Figure
13j.).

[0021] FIGS. 13g ) to 13] *) clarifies that when passing through a wave reconfiguration not all PAEs according to the
same pattern

have to work. As a PAE is configured by a wave reconfiguration, is principally dependent on their own configuration. Here
is

be shown that PAE4 up PAEG configured such that they react differently to the events than the other PAEs. For example,
in Figure 13g *) due to event & uarr;. 2 but not A H enabled (see Figure 13g)... The same applies to 13h *). Due to event
& uarr; 3 in FIG.

13i *) not loaded G, but the configuration remains F and A remains activated. In Fig. 13j *) is indicated at PAE7 that event
&uarr; 3

again loading G will trigger. 4 Enabling F instead of configuration G (VG1 Figure 13j..); In PAE4, the event & uarr causes.
[0022] FIG. 13 is a wave of reconfigurations moved due to events by a number of PAEs, the 2- or

can be designed in multi-dimensional.

[0023] It is not mandatory that a once held reconfiguration through the entire flow takes place away. For example,

could the reconfiguration with the activation of A consequence of the occurrence (uarr; 2) only locally held in the PAEs1 to
3 and PAE7 while in

all other PAEs continue configuring H remains activated.

[0024] In other words:

a) ltis possible that an event occurs only locally and therefore locally a Umaktivierung result has, b) a global event, may
have

no effect on some PAEs; depending on the executed algorithm.

[0025] In the PAEs after (uarr; 2) continue to hold the H enabled, of course, the arrival of the event (uarr; 3) completely
have other effects, (I) such as the activation of C instead of the load G, (ii) on the other hand could (uarr; 3) to this PAEs
also do

have no influence.

The processor model

[0026] The graph shown in the following figures always have a graph node in the module, it being understood that several
Modules can be mapped to a target device. That is, although all of the modules are independent of each other in time, is
only at the

Modules performed reconfiguration, and / or a data memory is inserted, with a vertical line, and? T are marked. This

Point is called Umkonfigurationszeitpunkt.

[0027] The Umkonfigurationszeitpunkt depends on the specific data or the states resulting from the processing of certain
Data arise.

[0028] This means in summary:

1. Large modules can be partitioned at appropriate points and be broken down into small time-independent modules,

the optimal fit into the array of PAEs. 2. In small modules that can be displayed together on a target block, is on

the temporal independence waived. This configuration steps are saved and speeds up data processing. 3. The
Umkonfigurationszeitpunkte be positioned according to the resources of the target blocks. This is an arbitrary scaling of
the

Given graph length. 4. Modules can be configured superimposed. 5. The reconfiguration of modules is determined by the
data itself or the

Result of the processing of the data is controlled. 6. The information generated by the modules data is stored and the time
subsequent modules

read the data from this memory and save the results in turn in @ memory or give the end result to the periphery

out.
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The state information of the processor model

[0029] To determine the states within a graph, the status register of the individual cells (PAEs) are in addition to a
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Data bus (0801) existing, freely routable and Segmented status bus system (0802) all other arithmetic units provided (Fig.
8b).

This means that a cell (PAE X) can evaluate the status information of another cell (PAE Y) and accordingly processes the
data.

To illustrate the difference to existing parallel computer systems, 8a of the prior art is shown in Fig.. Here, a

This text has been copied by the DPMA from the original sources. It does not contain any drawings. The tables and
formulas may be of unsatisfactory

Quality.

Shown multiprocessor system, the processors are connected to one another via a common data bus (0803). An explicit
bus system

for the synchronous exchange of data and status does not exist.

[0030] In other words, the network provides the status signals (0802), a free and selectively distributed a single status
register

conventional processor (or several processors of an SMP computer). The status of each ALU (or each

Processor) and in particular each of the status information is in each case the one or more ALUs (processors) available,
the information the

need. In this case, no additional program or runtime communication occurs (apart from the Signalllaufzeiten) to the
information

between the ALUs (processors) exchange.

[0031] Finally, it should be noted that depending on the task of both the data flow graph, and the control flow according to
the

The method described can be treated.

Virtual Machine Model

[0032] The basics of data processing with VPU-blocks are mainly in accordance with the preceding sections
datenfluBorientiert. In order to handle sequential programs with decent power, but it is necessary a sequential
Computer model to have available. It is often not sufficiently the sequencer in the individual PAEs.

[0033] The architecture of VPUs allows but the basic construction of arbitrarily complex sequencers of individual PAEs.
[0034] The means:

1. It can be configured complex sequencer that exactly match the requirements of the algorithm. 2. The data flow can be
obtained by

appropriate configuration, accurately represent the steps of the algorithm.

[0035] This can be implemented in VPUs a virtual machine, the particular needs of the sequential

Algorithm corresponds.

[0036] The main advantage of the VPU architecture is that an algorithm can be divided by a compiler so that the
extracted DatenfluBteile

will be represented by an "optimal” data flow by an adapted data flow is configured and the sequential parts of the
Algorithm can be represented by an "optimal" sequencer by an adapted sequencer is configured. It can simultaneously
several sequencers and data flows can be accommodated on a VPU, solely dependent standing available from the
resources.

[0037] Due to the large number of PAEs arise in operation within a VPU very many local states. When Task Switch or
Subroutine calls (interrupts) must these states are saved (cf.. PUSH / POP with standard processors). However, this is
due to

the amount of states does not make sense possible.

Must [0038] To the states to reduce to a manageable amount between two types of states can be distinguished:

1. status information of the machine model (MACHINE-STATE). This state information only within the execution of a
Modules certain valid and also be used locally in the sequencers and DatenfluBeinheiten this particular module. D. h. This
MACHINE-States represent the states that hides in processors according to the prior art occurring within the hardware,
implicitly

are in the commands and the processing steps and after an instruction do not include additional information for
subsequent commands.

Such conditions do not need to be backed up. Condition for this is that interrupts only after complete execution of all
currently active

Modules are performed. Standing interrupts for performance, no new modules are loaded, but only active processed;
also no new operand longer be the active modules, the extent permitted by the algorithm supplied. This is a module to
an atomic uninterruptible unit, comparable to an instruction of a processor according to the prior art. 2. states of

Data processing (DATA-STATE). The data-related states need after the occurrence of an interrupt in accordance with
processor models
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be secured to the prior art and written into the memory. These are certain necessary registers and flags, or - in
accordance with

the terms of the VPU technology - Trigger.

[0039] In the DATA states, the handling can be further simplified, depending on the algorithm. Two basic strategies are in
Below Naher explained:

1. rotating with the state information

[0040] All relevant and required at a later date state information from a
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Transfer module to the next, as it is implemented by default often in pipelines. The state information is then combined with
the data implicitly stored in a memory, so that the states are available in a retrieval of data at the same time. An explicit
handling

the state information ib by PUSH and POP deleted by what the in a substantial acceleration depending on the algorithm
one hand

Processing and on the other hand leads to a simplified programming.

[0041] The Zustandsinformaton can be saved either to either the respective data packet, or only in the event of an
interrupt

be secured and clearly marked.

2. Secure the reentry address

[0042] In the processing of large amounts of data that are stored in a memory, it may be useful to address at least

one of the operands to conduct with the data package together through the PAEs of the currently processed data packet.
In this case, the address is not

but is modified in writing the data packet in a RAM as a pointer to the last processed operands available.

[0043] This pointer can be stored optionally either with the respective data packet, or backed up only in case of interrupts
and

are specially marked. Particularly if all pointers to the operands by an address (or a group of addresses)

can be calculated is to secure meaningful only an address (or a group of addresses).

"ULIW" - "UCISC" model

[0044] (very ahlichen a processor according to the prior art) In order to understand this model is an extension of the
approach

architecture required by VPUs. Here, the virtual machine is used as a basis model.

[0045] The array of PAEs (PA) is considered to be configurable in their architecture computing unit. The / CT (s) provide a
charging unit (LOAD

UNIT) for opcodes represent. The IOAG (s) take the bus interface and / or the register set.

[0046] This arrangement enables two basic modes of operation, which are mixed in the operation used:

1. A group of PAEs (which may also be a PAE) is configured to run a complex command or command sequence and then
be the data related to the command data (which may also be a single data word) is processed. Then this group is
reconfigured,

for execution of the next instruction. The size and arrangement of the group may change. According to the already
discussed

Partitioning technologies it is for the compiler to create the best possible groups. The CT groups are on as commands
"Loading" the block, characterized the Verfahren with the known VLIW is similar, except that significantly more processing
plants are managed

And the cross-linking structure between the arithmetic units can also be covered by the instruction word (Ultra Large
Instruction Word =

"ULIW"). This is a very high instruction level parallelism (ILP) can be achieved. (see also Fig. 27). An instruction word
corresponds to

a module. Several modules can be processed simultaneously, as long as it allows the dependence of data and sufficient
resources to

are the building block free. As with VLIW commands immediately the next instruction word is loaded usually after
executing the instruction word.

This text has been copied by the DPMA from the original sources. It does not contain any drawings. The tables and
formulas may be of unsatisfactory

Quality.

The temporal optimization, the next instruction word it is already possible to summon during execution (see. Fig. 10). For
more

possible next Instruktionsworten several can be summoned and before execution is z. B. the correct by a trigger signal
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Instruction word is selected. (see Fig. 4a B1 /B2, Fig. 151D C/ID K, Fig. 36 A/B /C) 2. A group of PAEs (which may
also be a passport) is

configured to carry out a frequently used command string. The data, which may be a single data word also be found here,
if required, the

Fed group and received by the Group. This group remains a plurality of clocks without reconfiguration. Is comparable
This arrangement with a special calculating unit in a processor according to the prior art (eg. B. MMX), which provided for
special tasks

and is used only when necessary. Through this approach, special commands can be generated according to the CISC
principle, with the advantage that

these commands can be created for specific applications (Ultra-CISC = "UCISC").

Expansion of the RDY / ACK protocol (cf.. PACT02)

[0047] In PACTO2 describes a RDY / ACK-standard protocol that the essential requirements in accordance with the
synchronization of DE

44 16 881 describes in terms of a typical DatenfluBapplikation. Disadvantage of the protocol is that only data is sent and
the receiving

can be confirmed. The opposite case, data is requested by, and sending is confirmed (hereinafter referred REQ / ACK,
Although electrically with the same two-wire protocol solvable, but semantically not detected. This is especially true if REQ
/ ACK and RDY / ACK

operate mixed.

[0048] Therefore, the clear distinction of the protocols will be introduced:

RDY: data from the sender to the recipient ready

REQ: data is requested by the receiver from the sender

ACK: General confirmation of receipt or delivery made

(Principle could also be distinguished between ACK for a RDY and an ACK for a REQ, however, is in the logs of the
semantics

ACKs usually implicitly).
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Memory model

[0049] In VPUs can be integrated storage (one or more) that are addressed similar to a PAE. An hereinafter

Described memory model that simultaneously represents an interface to external peripherals and / or external memory:
[0050] A VPU-internal memory with PAE similar bus functions can represent different storage modes:

1. Standard memory (Random Access) 2 cache (as an extension of the standard memory) 3. Lookup table 4. 5. FIFO
LIFO (stack)

[0051] The memory is assigned a controllable interface that memory areas word alternatively or in blocks writes or reads.
[0052] This results in the following uses:

1. Separation of data streams (FIFO) 2. Fast access to selected storage areas of an external memory, what a cache
Similar

Function is (Standard memory lookup table) 3. Stack with variable depth (LIFO)

[0053] In this case, the interface can be used, but it is not absolutely necessary if the data z. B. only locally in the VPU

be used and sufficient storage space of an internal memory.

Stack Model

[0054] By using the REQ / ACK protocol, and the internal memory in the LIFO stack mode, a simple processor can set up
become. In this case the temporary data of PAEs are written onto the stack and loaded on demand from the stack. The
necessary

Compiler technologies are well known. By variable stack depth with by a data exchange of internal memory a

external storage is reached, the stack can be arbitrarily large.

Battery model

[0055] Each PAE may represent a computing unit after Akkumulatorprinzip. As it is known from PACTO2 possible the
output register

feed back to the input of the PAE. Characterized an accumulator is produced according to the prior art. In connection with
the sequencer of FIG.

11 can be built simple accumulator processors.

Register Model

[0056] By using the REQ / ACK protocol and the internal memory in the default storage mode, a simple register-processor
being build up. The register addresses are generated by a group of PAEs, while another group of PAEs processing

the data takes.

Architecture of Memory

[0057] The memory has two interface. A first which connects the memory with the array and a second, the memory with
an 10
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Unit connects. To improve the access time of the memory should be designed as a dual-ported RAM, which write and
read accesses

can be carried out independently.

[0058] The first interface is common PAE Interface (PAEI), which ensures access to the bus system of the array, as well
as synchronization

and trigger processing ensures. Triggers can be used, and view or actions in the different states of the memory

To enforce memory, for example,

1. Empty / Full: When used as a FIFO is the FIFO state "full", "almost-full", "empty”, "almost-empty"; 2. Stack overrun /
underrun: When used as a

Stack overflow and underflow of the stack are signaled; 3. Cache hit / miss: Cached mode is displayed, if an address in
the cache found

has been; 4. Cache flush: By a trigger writing of the cache will be enforced in the external RAM.

[0059] is assigned to the PII interface configurable state machine that controls the various operating modes. Of the
State machine is assigned to the addresses in the FIFO and LIFO mode to generate a counter. The addresses are
through a multiplexer

out to the memory so that additionally addresses that are generated in the array can be performed on the memory.
[0060] The second interface is used to connect an 10O unit (101). The 10 unit is configurable as a controller with an external
Interface designed. The controller reads or writes words or blocks data in or out of the memory. The data with the 1O unit
replaced. Furthermore, the controller by means of an additional TAG memory supports multiple cache functions.
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[0061] IOl and PAEI are synchronized with each other, so that no collision occurs between the two interface. The
Synchronisation is depending on the operating mode

different, for example, while the standard memory or Stack mode only either the 101 or the PAEI on the whole

Can access memory in FIFO mode synchronization is line by line, ie while 101 accesses a line x, the PAEI may in any
other

Line access equal to x at the same time.

[0062] The 10 unit is configured according to the peripheral requirements, for example:

This text has been copied by the DPMA from the original sources. It does not contain any drawings. The tables and
formulas may be of unsatisfactory

Quality.

1. SDRAM controller 2. RDRAM controller 3. DSP bus controller 4. PCI controller 5. Serial controller (z. B. NGIO) 6.
Special Purpose Controller

(SCSI, Ethernet, USB, etc.)

[0063] A VPU may have any storage elements with any IO units. It may have different 10 units on a VPU

be implemented.

Funktionsweise1. Standardspeicher1.1 internally / locally

[0064] About the PAEI be data and addresses exchanged with memory. The addressable memory size is limited by the
memory size

limited.

1.2 External / memory mapped window

[0065] About the PAEI be data and addresses exchanged with the memory. In controller of 101 is a base address in the
external memory

indicated. The controller reads in blocks data from the external memory address and writes it in the memory, the internal
and external

Addresses each incremented (or decremented) are; until all internal memory has been transferred or a preset

Limit has been reached. The array works with the local data until it is written back into the external memory by the
controller. That

Writing is analogous to that described read operation.

[0066] The reading and writing by the controller can

a) be initiated by trigger or b). by an access of the array to a not locally stored address Accesses the array on a

Such an address to the internal memory is written into the first external and thereafter the memory block to the required
address

reloaded.

[0067] This mode is particularly interesting for the implementation of a register file for a processor register. By a trigger
can be realized in this case, the push / pop of the register file to the external memory for a task switch or a context switch
become.

1.3 External / lookup table
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[0068] The lookup table function is a simplification of 1.2. The data is either once or several times through a CT Call
read or a trigger from the external RAM to the internal. The array reads data from the internal memory, but does not write
data into the

internal memory. The base address in the external memory is saved in the controller through either the CT or the array
and can at runtime

to be changed. The loading from the external memory is triggered from either the CT or by a trigger from the array and
can

also happen at runtime.

1.4 External / cached

[0069] In this mode, the array selectively engages to the memory. The memory operates as a cache memory for the
external memory

according to the prior art. By a trigger from the array or by the CT of clearing the cache (ie the full writing of

Caches are caused in the external memory).

2.FIFO

[0070] The FIFO mode is usually used when the data streams are guided externally of the VPU. Then the FIFO serves as
Decoupling between the external data processing and the VPU-internal data processing, so that by either external to the
FIFO

is written and read by the VPU or reversed. The states of FIFOs are triggers for array and possibly even after

external signals. The FIFO is implemented even after the state of the art with different write and read pointers.
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3. Stack / intern

[0071] An address register An internal stack is built up. With each write access to the memory array by the register per
by Mode (a) incremented decremented (b). In the case of read accesses from the array of the registers is reversed (a) is
decremented and incremented (b).

The register provides the required address available for each access. The stack is limited by the amount of memory. Error
(overflow /

Underflow) are indicated by trigger.

4. Stack / external

[0072] If the internal memory is too small to build a stack, it can be outsourced to external memory. For this purpose is in
Controller an address counter for the external stack address. If a certain amount of entries exceeded the internal stack is
blockwise

a number of entries written in the external stack. The stack is therefore written from the end from the oldest entry from
externally,

where a lot of the latest entries will not be written to an external number, but remains internally. The external address
counter (ERC) is

line by line modified.

[0073] the remaining stack content after place in the internal stack has been created must be moved to the top of stack,
internal

Stack address is adjusted accordingly.

[0074] A more efficient option is the laying out of the stack as a ring memory (cf.. PACT04). An internal address counter
by adding

modified or removing stack entries. Once the internal address counter (IAC) exceeds the upper end of the memory, to
point to the

lowest address. Falls below the IAC the lowest address, pointing to the top. An additional counter (FC) shows the level of
the memory

, ie with every written word of the counter is incremented, decremented with each read. Based on the FC can be seen
when the

Memory is empty or full. This technology is known from FIFOs. Thus, a block written in the external memory, the
adjustment ranges

of FC to update the stack. An external address counter (EAC) always points to the oldest in mem- ory and entry

is thus at the IAC opposite end of the stack. The EAC is modified if

a) data is written to the external stack, then it runs in the direction of IAC, b) data is read from the external stack, then
removed

he from IAC.

[0075] By monitoring the FC ensures that IAC and EAC not collide.

[0076] The ERC will be modified according to the external stack operation (increasing or decreasing).

MMU

[0077] The external memory interface can be associated with a MMU, which performs two functions:
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1. Conversion of the internal addresses to external addresses to support modern operating systems 2. Monitoring of
accesses to external

Addresses, for. Example, generate an error signal as a trigger, when the external stack over or underflows.

Compiler

[0078] The programming principle of the invention the VPU technology is to separate and sequential code in as many
small and independent part of algorithms to decompose, while the part of the algorithms DatenfluBcodes is mapped
directly to the VPU.

Separation between the VPU and standard code

[0079] representative within a language according to the state of the art for all sorts of compiler (Pascal, Java, Fortran,
etc)to C

++ Be used in another, you can define a special extension (VC = Vpu C) that contains the language constructs and types
are particularly well imaged on a VPU technology. VCs may be used by the programmer only within Proceduren or
functions

This text has been copied by the DPMA from the original sources. It does not contain any drawings. The tables and
formulas may be of unsatisfactory

Quality.

are not using other constructs or types. This Proceduren and functions directly imaged on the VPU and run

particularly efficient from. The compiler extracts the VC in the preprocessor and passes it directly to the VC-Backend
Processing (VCBP) further.

Extraction of parallelizable compiler code

[0080] In the next step, the compiler analyzes the remaining C ++ code and extracts the parts (MC = mappable C) that
run in parallel and

without the use of sequencers are imaged on the VPU technology. Each MC is placed and routed in a virtual array. After
that

is the space requirement, as well as the expected performance analyzed. For this purpose the VCBP is called and the
individual MC along with

the VC, which are mapped in each case partitioned.

[0081] The MCs whose VPU implementation will achieve the highest performance increase adopted, are as C ++, the rest
of the

Next Level Compiler passed.
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Optimizing sequencer generator

[0082] This compiler level is different depending on the architecture of the implemented VPU system:

1. VPU without sequencer and external processor

[0083] All remaining C ++ code to be compiled for the external processor.

2. Only VPU with Sequenzer2.1 sequencer in the PAEs

[0084] All remaining C ++ code to be compiled for the sequencer of PAEs.

2.2 Configurable sequencer in the array

[0085] The remaining C ++ code is analyzed for each independent module. The most appropriate variant of a sequencer
Database selected and stored as VC code (SVC). This step is usually iteratively, that is, a sequencer variant is selected,
the code is

compiled, analyzed, and compared with the compiled code sequencer other variants. Ultimately, the object code (SVCO)
of C ++ code

generated for the selected SVC.

2.3 both 2.1 and 2.2 are used

[0086] corresponds to the operation of 2.2. There are special static sequencer models for the sequencer in the PAEs in
Database.

3. VPU with sequencer and external processor

[0087] Also, this operation corresponds to 2.2. For the external processor exist special static sequencer models in the
database.

Left

[0088] The linker connects the individual modules (VC, MC, SVC and SVCO) to an executable program. For this he uses
the VCBP order

to place the individual modules to route and determine the temporal partitioning. The linker also adds the communication
structures

added between the individual modules and accompanied where appropriate by a register and memory. Based on an
analysis of the control structures and
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Dependencies of the individual modules are structures for storing the internal states of the array and the sequencer for the
case of

Reconfiguration added.

Comments on the processor models

[0089] The machine model used can be combined within a VPU. Also within an algorithm, depending on the

the which model is optimal to switch between the models.

[0090] If a register processor added another memory from which the operands are read and in which the results

are written, a load / store processor can be built. Several different memory can be allocated by the

single operand and the result is treated separately.

[0091] This memory then work as a kind of load / store unit and provide a kind of cache for the external memory is. The
addresses

calculated by separated from the data processing PAEs.

Pointer reordering

[0092] high-level languages such as C / C ++ often use pointers, which can be handled very badly by pipelines. When a
pointer only

directly before using the data structures to which it points is calculated, can often not be filled fast enough and that the
pipeline

Processing is especially inefficient in VPUs.

[0093] It is certainly possible to use any pointers useful when programming VPUs, but this is often not possible.

[0094] The solution is to re-sort the pointer structures by the compiler so that the pointer addresses use as long as
possible prior to their

be calculated. At the same time there should be as few direct dependencies between a pointer and the data to which it
points.

Extensions of PAEs (compared to P196 5 075.9 54 846.2 and P196)

[0095] By P196 P196 54 51 075.9 and 846.2 of the prior art is defined in terms of the configuration properties of cells
(PAEs).

[0096] It will be dealt with on two properties:
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1. One of PAE (0903) 51 075.9 according to P196, a set of configuration registers (0904 assigned), which includes a
configuration (Fig. 9a). . 2

A group of PAEs (0902), according to P196 54 846.2 on a memory for storing or reading data access (Fig- 9b)

[0097] job is,

a) to provide a method which speeds up the reconfiguration of PAEs and temporally decoupled from the parent loading
unit, and b) the

Procedures interpreted as meaning that at the same time creates the possibility of multiple configurations to sequences,
and c¢) at the same time more

To keep configurations in a PAE of which always is activated and quickly switch between different configurations

can.

Decoupling the configuration register

[0098] The configuration register is used by the higher-level loading unit (CT) decoupled (Fig. 10) by a set of several
Configuration registers (1001) is used. Always exactly one of the configuration registers selectively determines the
function of the PAE. The selection

the active register is via a multiplexer (1002 performed). In each of the configuration register can write any CT, provided
this is not the current configuration of PAE determined, ie is active. The writing on the active tab is possible in principle to
stand in the

PACT10 described methods.

[0099] Which configuration register from 1002 is selected may be determined by various sources:

1. Any state signal or a group of any status signals via a bus system (0802) to 1002 will be performed (Fig. 10a). The
Status signals are generated by any PAEs or provided by external connectors of the module (see. Fig. 8) 2. The

This text has been copied by the DPMA from the original sources. It does not contain any drawings. The tables and
formulas may be of unsatisfactory

Quality.

Status signal of PAE that of 1001/1002 is configured is used to select (Fig. 10b). 3. An image generated from the higher
level CT signal is used

for selection (Fig. 10c).

[0100] It is possible either the incoming signals (1003) by means of a register for a specified period and to store
alternatively and selectively retrieve.
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[0101] The use of a plurality of registers, the CT is temporally decoupled. This means that CT can have multiple
configurations "subpoena" without

a direct temporal dependency.

[0102] Only when the selected / activated Register in 1001 has not yet been charged, is serviced with the configuration of
the PAE until

the CT has loaded the register. To determine if a register has a valid information, for example, a "valid bit" (1004) by
Register to be introduced, which is set by the CT. If 0906 is not set in a selected register, the CT is a signal for
Configure the register as soon as possible prompted.

[0103] The in FIG. Described method 10 can be expanded easily to a sequencer (Fig. 11). For this purpose a sequencer
Instruction decoder (1101) for controlling the selection signals of the multiplexer (1002 used). The sequencer determines
dependent on

the currently selected configuration (1102) and an additional status information (1103/1104) the next to be selected
configuration. Those who

Status information can

a) the status of the status signal of the PAE, of 1001/1002 is configured (Fig. 11a), b) over any 0802 to be supplied to
status signal

(Fig. 11b) ¢) be a combination of (a) and (b).

[0104] 1001 can also be configured as a memory, rather than 1002, a command of 1101 is addressed. Addressing is
dependent

the command itself and a status register. To this extent, the construction of a "von Neumann" machine, with the difference
a) the universal use, so do not use the sequencer (see. Fig. 10) b) that the status signal is not from the sequencer
associated arithmetic unit (PAE) must be generated, but may be from a beleibigen other calculating unit (see. Fig. 11b).
[0105] It is important that the sequencer jumps, particularly conditional jumps, within 1001 can perform.

[0106] A further additional or alternative method (Fig. 12) for setting on sequencers within VPUs is the use of

the internal data memory (1201, 0901) for storing the configuration information for a PAE or a group of PAEs. In this
case, the

Switched data output of a memory to a configuration input or data input of a PAE or more PAEs (1202). The address
(1203) for 1201 can be generated from the same PAE / PAEs same or any one or more others.

[0107] In this method, the sequencer is not firmly implemented, but is modeled by a PAE or a group of PAEs. The
internal memory can run programs from the external memory to reload (cf.. inventive storage system).

[0108] For storing local data (eg. As for iterative calculations and as register for a sequencer)
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the PAE is provided with an additional set of registers, the individual registers determined either by the configuration, led
to the ALU

or are described by the ALU; can be used freely or through the instruction set of a sequencer implemented (Register
Mode).

Also, one of the registers are used as an accumulator (battery mode). If the PAE used as full-fledged machine, it is
make good use of one of the registers as an address counter for external data addresses.

[0109] To manage stacks and accumulators outside the PAE (z. B. in the inventive storing) is that already described
RDY / ACK REQ / ACK Synchronistionsmodell used.

[0110] PAEs according to the prior art (see. PACT02) are for the processing of bit-wise operations ill-suited, as long as
the integrated

ALU bit operations not specifically supports or narrow (1-, 2-, 4-bit wide) is designed. The processing of individual bits or
signals can

efficiently ensured by the ALU core is replaced by a FPGA core (LC) that performs configurable logic operations. The LC
is

while in its function and internal networking freely configurable. It can be used in accordance with the LC prior art. For
certain

Operations, it is useful to assign a LC internal memory. The interface modules between FC and the bus system of the
array

only slightly adapted to the FC, but remain fundamentally. To increase flexibility of the time behavior of the FC, it is
advisable,

to make the register can be switched off in the interface modules.

characters

[0111] In Fig. 4a, some basic characteristics of the process of the invention are shown:

[0112] The modules of type A are combined to form a group and hold at the end of a conditional jump, either B1

or B2. At this position (0401) a Umkonfigurationspunkt is inserted because it is useful to the branches of the conditional
jump as single
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To consider group (case 1). On the other hand would both branches of B (B1 and B2) addition along with A fit on the
target device (case

2), it would make sense only in a Umkonfigurationspunkt 0402 insert, as a result, the number of configurations is
reduced and the

Processing speed increases. Both branches (B1 and B2) jump in 0402 by C.

[0113] The configuration of the cells on the target block is in Fig. 4b schematically. The functions of the individual are
Graph nodes mapped to the cells of the target block. One line represents a configuration. The dashed arrows in a

Line breaks indicate a reconfiguration. S

n

is a data-storing cell of any configuration (registers, memory, etc.). This

is S

n

| is @ memory that accepts data and S

n

O outputs a memory of the data. The memory S

n

is for the same n are each the same, | and O

characterize the data transfer direction.

[0114] Both cases of conditional jump (Case 1, Case 2) are shown.

[0115] The model in Fig. 4 corresponds to a data flow, however with the significant expansion of the
Umkonfigurationspunkts and the resulting

achievable partitioning of the graph, the data transmitted between the partitions data is cached.

[0116] In the model of Fig. 5a of an arbitrary graph quantity and -Konstellation (0501) selectively a graph B

n

from a set of graphs

B called. After execution of the B data from leaving the 0501 return.

[0117] If in 0501 implemented a sufficiently large Sequencer (A), is the model a typical processors very similar principle
implementable. Reach Here

1. Data in the sequencer A that this decoded as commands and react in accordance with the "von Neumann" principle it;
2. Data in the

A sequencer, which are regarded as data and forwarded to a fixed configured arithmetic unit C for calculation.

[0118] The graph B represents a special selectable arithmetic units and / or special opcodes for certain functions and is
alternatively used for accelerating C. For example, B1 be an optimized algorithm for calculation of matrix multiplications,
while B2 represents an FIR filter and B3 a pattern recognition. According to an opcode of the 0501 is decoded, the
appropriate

or corresponding Graph B called.

[0119] FIG. 5b schematically the picture to the individual cells, where in 0502 symbolized the pipelined arithmetic logic
unit Character.

This text has been copied by the DPMA from the original sources. It does not contain any drawings. The tables and
formulas may be of unsatisfactory

Quality.

[0120] While in the Umkonfigurationspunkten of Fig. 4 preferably larger memory are inserted for temporarily storing the
data,

a simple synchronization of the data in the Umkonfigurationspunkten of Fig. 5 is sufficient, because the data stream as a
whole preferably by

the graph B is running and the graph B not partitioned; characterized the temporary storage of the data is unnecessary.
[0121] In Fig. 6a are shown different loops. Loops can be basically treated in three ways:

1. hardware approach: loops are fully rolled out to the target hardware ready (0601 A/ B). As already explained, this is
only a few

Loop types possible. 2. dataflow approach: Within the data flow loops are constructed across cells (0602 / b). That

End of the loop is fed back to the loop start. 3. sequencer approach: A sequencer with minimal instruction set executes
the loop

(0603 a / b). Here (see., The cells of the target blocks are designed so that they keep striking the appropriate sequencer
Fig. 11a/b).

[0122] By a suitable separation of loops whose execution can be optimized if necessary:
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1. Using optimization methods according to the prior art often leaves the loop body, ie the repeated executed
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Part, thus optimizing that certain operations are removed from the loop and before or be placed behind the loop (0604 / b).
Characterized the set of instructions to sequencenden is considerably reduced. The remote operations are only once
before or after execution

the loop through. 2. Another possibility for optimization is the sharing of loops into several smaller or shorter loops. It finds
the division place so that a plurality of parallel or sequential multiple (0605 a / b) loops are formed.

[0123] FIG. 7 illustrates the implementation of a recursion. Here are the same resources (0701) in the form of cells for
each

Recursion level (1-3) is used. The results of each recursion level (1-3) to build (0711 :) in a stack according to the principle
built memory (0702) is written. Simultaneously with the reduction (0712 :) the levels degrades the stack.

[0124] In Fig. 14, the virtual machine model shown. From an external memory, data (1401) and belonging to the data
States (in 1402) in a VPU (1403 read).

[0125] 1401/1402 will be a generated by the VPU address 1404 selected. Within the VPU PAEs are to different groups
summarized (1405, 1406, 1407). Each group has a data processing part (1408), the local impilzite states (1409 has), the
has no influence on the surrounding groups. Therefore, the states will not be forwarded outside the group. He may,
however, by

be the external conditions depends. Another part (1410) generates conditions which affect the surrounding groups.
[0126] The data and states of the results in a further memory (1411, 1412) filed. At the same time, the address of
Operand (14004) stored as a pointer (in 1413 be). For time synchronization may 1404 via registers (1414) will be
performed.

[0127] In FIG. 14, a simple model is shown for clarity. The networking and grouping may be more complex than

in this model. Also states and data can also be transferred to other modules as the following. It is possible that

Data is transferred to other modules than the states. Both data and states of a particular module can be of several
received different modules. Within a group, in 1408, 1409 and 1410 be present. Depending on the algorithm can

(z. B. also parts missing in 1410 and 1409 exist, in 1410 but not).

[0128] In Fig. 15 is shown to be extracted from a processing graph subapplications like. Here the graph is so broken that
long

Graphs are divided sense and be displayed in the sub-applications (H, A, C, K). After jumps new subgraphs are formed
(C, K)

where a separate part graph is formed for each jump.

[0129] Each sub-graph in the ULIW model of the CT separately (see. PACT10) loaded. It is essential that subgraphs in
the mechanisms

PACT10 can be managed. This includes in particular the intelligent configure, run / start, and delete the part of
applications.

[0130] 1503 causes the loading or configuring subapplication A while subapplication K runs. This is

a) A partial application already fully configured for execution by the end subapplication K in the PAEs, provided that PAEs
more

Have configuration registers; b) A partial application already loaded for execution end of subapplication K in the CT,
provided that PAEs only

Have configuration registers.

[0131] 1504 starts the execution of subapplication K.

[0132] D. h. at runtime are independently loaded the next required program components during execution of the current
program parts.

This results in a much more efficient use of the program code, as in conventional cache mechanisms.

[0133] In subapplications A is represented another peculiarity. In principle, it is conceivable both possible branches (C, K)
of the comparison

preconfigure. Assuming that the number of available free configuration register is not sufficient for this purpose, is the
more probable

the branches configured (1506). This also saves configuration time. In embodiments of the non-configured branch, is
(since the configuration yet

is not loaded in the configuration register) program execution pauses until the branch is configured.

[0134] In principle it is possible to perform not configured subapplications (1505), this must be as described before
Execution load.

[0135] A FETCH command can be triggered by a trigger by its own ID. This part applications can depend on

State of the array are preloaded.

[0136] The ULIW model differs substantially from the VLIW model by

1. The routing of data includes 2 Larger instruction words forming.

[0137] Also, the described method of partitioning of compilers for today's standard processors in accordance with the
RISC / CISC principle

also be used. Then, a unit (CT) is used to PACT10 for controlling the instruction cache, this can greatly optimizes
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and are accelerated.

[0138] These "normal" programs are partitioned accordingly in part applications. According PACT10 are references to
possible

subsequent subapplications introduced (1501, 1502). Thus, a CT which subapplications already summoned into the cache
before it needs

become. If there are jumps only jumped subapplication is executed, the other (s) will be overwritten later by new member
applications.

In addition to the intelligent preloading
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initiated the procedure has the further advantage that the size of the part of applications loading is already known. This
allows optimum bursts at

Access running on the memory of the CT, which in turn will speed up memory access considerably.

[0139] FIG. 16 shows the structure of a stack processor. By PAE array (1601) logs are generated by an as LIFO
configured storage (1602 to write) or read. Here, a RDY / ACK protocol for writing and REQ / ACK protocol for reading
used. The crosslinking and operating modes of the CT (1603 configured). 1602 can thereby its contents to the external
memory (1604)

outsource.

This text has been copied by the DPMA from the original sources. It does not contain any drawings. The tables and
formulas may be of unsatisfactory

Quality.

[0140] A number of PAEs to in this example as Registrar processor work (Fig. 17). Each PAE consists of an arithmetic
logic unit (1701)

and an accumulator (1702) on the outcome of 1701 is fed back (1703) is. This provides in this example, each PAE an
accumulator

Processor. A PAE (1705) reads and writes the data to the configured as the default memory RAM (1704). Another PAE
(1706) generated

the register addresses.

[0141] It is often useful to use a separate PAE to read the data. Then would 1705 just write and the PAE 1707 read.
Here another PAE (is 1708, dashed lined) introduce to generate the read addresses.

[0142] It is not absolutely necessary to use separate PAEs to generate the addresses. Often, the registers are implied and
can

are then configured as constants are sent from the data processing PAEs.

[0143] The use of battery-processors for a processor register is exemplary. Similarly, to build

Register processors PAEs be used without battery. The in Fig. Architecture shown can 17 to control registers as well as
for

Serve driving a load / store unit.

[0144] When used as load / store unit, it is almost imperative an external RAM (1709) downstream of, so that in 1704 only
one

temporary detail from 1709, as a kind of cache represents.

[0145] Even with the use of 1704 as a register bank, it is partially useful downstream of an external memory. As a result,
PUSH / POP operations according to the prior art are performed, the writing to the register content in a memory or from
reading this.

[0146] In Fig. 18 is an example of a complex machine shown in the PAE-array (1801) on the one hand a load / store-unit
(1802) with

downstream RAM (1803) activates while maintaining a register bank (1804) with a downstream RAM (1805) has. 1802
and 1804

can be driven by a PAE or any group of PAEs respectively. The unit is in accordance with the principle of a CT VPU
(1806) controlled.

[0147] It is important that between the load / store unit (1802) and the register bank (1804) and their control is no
substantial difference

consists.

[0148] The FIG. 19, 20, 21 show an internal memory according to the invention, at the same time a communication unit
with external memories

and / or peripheral represents. The individual figures show different operating modes of the same memory. The operating
modes, as well as individual

Detail settings are configured here.
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[0149] FIG. 19a shows a memory according to the invention in the "Register / Cache"” mode. In memory of the invention
(1901) are data words

a usually larger and slower external memory (1902) is stored.

[0150] The data exchange between 1901, 1902 and through a bus (1903) PAEs connected (not shown) takes place as
follows

instead, being under two operating modes are distinguished:

A) by the PAEs from the main memory 1902 read or transmitted data in 1901 backed by a cache method.

Here, any known cache method used. B) By means of a load / store unit, the data of certain addresses

between 1902 and 1901 transfer. Here are some addresses, both in 1902 and in 1901 set, which for 1902 and 1901
usually different addresses are used. The individual addresses this by constant or by calculation in

PAEs are generated. In this mode, the memory works in 1901 as a register bank.

[0151] The assignment of addresses between 1901 and 1902 can be arbitrary and depends only on the respective
algorithms of the two

Modes from.

[0152] In the corresponding machine 19b is shown as a block diagram. Transportation in 1901 and 1902 is a control unit
(1904)

assigned, depending on the operating mode as a load / store unit (prior art), or as a cache controller (according to the
prior art)

acting. This unit can, if required, a memory management unit (MMU) (1905 be associated with address translation and
verification).

Both in 1904 and 1905 can be driven by the PAEs. Thus, the MMU will be programmed, for example, set the Load / Store
addresses

or a cache flush triggered.

[0153] FIG. 20 shows the use of the memory (2001) in the FIFO mode in which according to the known FIFO data
streams decoupled

become. The typical use is in a write (2001 a) or reading interface (2001 b). Here are data between the PAEs which
internal to the

Bus system (2002) are connected and the peripheral bus (2003) temporally decoupled.

[0154] For the control of the FIFO is a unit (2004 provided) corresponding to the write and read pointers of the FIFO
depends on the bus operations

of 2003 and 2002 controls.

[0155] In Fig. 21, the operation principle of the memory according to the invention is shown in Stack mode. A stack (the
prior art) a

Stack whose top / lowest element that is currently active. Data / added always top down, as the data above /

bottom removed. le. The date last written is also the one that is read first (Last In First Out). Whether a stack up or down
growing, is insignificant and implementation dependent. In the following embodiment stacks are considered that grow
upwards.

[0156] In this case, the most recent data in the internal memory are 2101 held, the most recent entry (2107) is at the top
in 2101. Old

Entries are to the external memory 2102 outsourced. Grows the stack further extends the
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Place in the internal memory in 2101 no longer sufficient. Upon reaching a certain amount of data by a (freely selectable)
address in 2101, or

an (arbitrary) value can be represented in an entry counter, is a part of 2101 as a block at the end of more recent (2103)
of the stack

in 2102 wrote. This part is the oldest, and therefore the least recent data (2104). Thereafter, the remaining data in will be
in 2101

shifted so that after 2102 copied data in 2101 with the remaining data (2105 to overwrite) and thus enough free

Memory (2106) for new stack entries arises.

[0157] If from the stack, the data are from a certain (arbitrary) point in 2101 shifted so that behind the oldest and
unaktuellsten data free memory is created. In the vacated memory, a memory block is 2102 copies, which then 2102 is
deleted.

[0158] In other words, representing 2101 and 2102 in a single stack, with the currently active listings in 2101 are and
older and less recent in 2102 are outsourced. Quasi, the method provides a cache for stacks. Since the blocks of data
preferably

are transmitted by block operations, the data transfer between may 2101 and 2102 in the fast burst modes modern
memory

(SDRAM, RAMBUS, etc.) are executed.
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[0159] It should be noted again that in the embodiment in FIG. 21, the stack grows upward. Should the stack grow
downwards

(a commonly used method), the positions up / down and the directions are in moving data within a memory

exactly reversed.

[0160] It makes sense to the internal stack is 2101 configured as a kind of ring buffer. The data at one end of the ring to
be between

PAEs and in 2101 transferred to the other end of the ring between 2101 and 2102. This gives the advantage that easily
transfer data between

2010 and 2102 can be moved without affecting the internal addresses in 2101 to have. Only the cursor and the lower
upper data and the level meter must be adapted to each case. The data transmission between 2101 and 2102, by the
well-known

Ring memory flags "almost full (almost full) / Full (Full)" and "almost empty (almost empty) / empty (empty)" are triggered.

This text has been copied by the DPMA from the original sources. It does not contain any drawings. The tables and
formulas may be of unsatisfactory

Quality.

[0161] The necessary hardware is a block diagram in Fig. 21B. The internal stack 2101 is a unit (2110) for the
management of

Associated pointers and counters. In the bus (2114) is between 2101 and 2102 a unit (is 2111) looped to control data
transfers.

This unit can be a MMU (2112) according to the prior art with the corresponding inspection systems and address
translations associated

become.

[0162] The connection between the PAEs and 2101 is over the bus system 2113 implemented.

[0163] In Fig. 22 an example of the re-sorting of the graph shown. The left column (22 .a) shows an unoptimized
arrangement of commands.

The pointer A (be 2207 a) and B (2211 a) loaded. In each case already one clock later, the values of the pointers are
needed (2208 a, 2212 a).

This dependence is to be performed too short to efficiently because of loading from the memory a certain period of time
(2220 a, 2221 a) is required.

By rearrange the commands (22 .b) the periods are maximum increases (2220 b, 2221 b). Although in 2210 and in 2208
the value of the pointer

is needed by A, is 2208 by 2210 sorted, as more time for the calculation of B is obtained. It is possible for the calculations
regardless of the pointers are (2203, 2204, 2206) for example, between 2211 and 2212 to add more time for memory
accesses to

obtain. A compiler or assembler can here based on system parameters which represent the access times, the
corresponding optimization

make.

[0164] FIG. 23 shows a special case of Fig. 4-7. Often there is an algorithm, even within loops, and from DatenfluBteilen
sequential parts. Such structures can according to the described method using the bus system described in PACT07

be built efficiently. To this end, the RDY / ACK protocol of the bus system is first extended by REQ / ACK protocol
according to the invention.

This can be retrieved from one or more other PAEs or from the CT targeted register contents of individual PAEs. A bow
(2305) is now divided into at least two graphs, the first one (2301) representing the DatenfluBanteil and second (2302) of
the

sequential share maps.

[0165] A conditional branch chooses between the two graphs. The special feature is that in 2302 the internal state of
2301 to know for

Execution required and vice versa in 2301 the state of 2302 needs to know.

[0166] This is realized by the state only once, namely in the registers of the PAEs of performant dataflow (2301)

is stored.

[0167] If in 2302 jumped, reads the sequencer when needed, the states of the respective registers of the bus system by
means of PACTO7 from

(2303). The sequencer performs its operations and writes any changed conditions in the registry (again via the bus
system by

PACTO7) back (in 2304). Finally, it should be noted that it is the graph discussed not necessarily to close loops (2305)
must act. The method is generally applicable to any part of the algorithm, which is executed several times within a
program run
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(reentrant) and optionally either sequentially or in parallel (datenfluBartig) is processed, the states between the sequential
and

must be transferred to the parallel part.

[0168] The Waverekonfigurierung provides considerable advantages in the speed of the reconfiguration, especially in
simple sequential

Operations.

[0169] A basic feature of this processing method that the sequencer be configured as external microprocessor

can. This means that a processor is connected via the data channels of the array and local temporary data bus systems
with the

Array exchanges. All parts of a sequential algorithm which can not be displayed in the array of PAEs are on the processor
handled.

[0170] It is necessary to distinguish between three Bussystemem:

1. Data, which regulates the exchange of data between the VPU and verarbeiteden processor. 2. register bus, the access
to the registers of VPU

permits and thus the exchange of data (2302, 2304), between 2302 and 2301 guaranteed. 3. configuration data, of the
array of VPU

configured.

[0171] In Fig. 24 the effects are presented chronologically.
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[0172] Just hatched areas represent data processing PAEs, with 2401 PAEs after reconfiguration and 2403 PAEs before
Show reconfiguration. Double shaded areas (2402) show PAEs that are being reconfigured or waiting for reconfiguration.
[0173] FIG. 24a shows the influence of wave reconfiguration to a simple sequential algorithm. Here it is possible exactly
the PAEs

reconfigure, where a new task is assigned. Since each clock a PAE receives a task this can efficiently, namely at the
same time

be performed.

[0174] illustrated example, a number of PAEs from the matrix of all PAEs of a VPU. Indicated the states are in bars after
Clock t with one clock delay.

[0175] In Fig. 24b the temporal effect of the reconfiguration is shown by large sections. For example, shown is a lot of
PAEs

a VPU. Indicated the states are in bars after clock t with a different delay of each multiple clocks.

[0176] While at first only a small part of PAEs reconfigured or waiting for the reconfiguration, this area increases will
Time bigger until all PAEs are reconfigured. The larger the area will mean that, due to the delay by the

Reconfiguration increasingly PAEs on the reconfiguration waiting (2402). This is lost computing power.

[0177] It is therefore proposed a wider bus between the CT (especially the memory of the CT) and the PAEs use, the
enough lines makes available to reconfigure multiple PAEs simultaneously within a cycle.

[0178] FIG. 25 illustrates the scalability of VPU technology. The scalability is mainly due to the roll-out of a graphene

out without a temporal sequence separated individual part applications. As an example of the algorithm is Fig. 4 is
selected. In Fig. 25a, the

transmit individual subgraphs consecutively on the VPU, being either B1 or B2 loaded. In Fig. 25b, all subgraphs are on
transferred a lot of VPUs and linked to bus systems with each other. This allows large amounts of data without the
negative influence

the Umkonfigurierens be processed efficiently.

[0179] FIG. 26 shows a circuit for accelerating the (re) configuration time of PAEs. At the same time, the circuit can for
processing

sequential algorithms are used. The array of PAEs (2605) is divided into several parts (2603 partitioned). Each part is an
independent

Unit for (re) configuration (2602 assigned). These units is superior to a CT (2601) according to the prior art (see FIG.
PACT10), the

is in turn connected to a further CT or to a memory (2604). The CT invites the algorithms in the configuration units (2602).
The

2602 load automatically your configuration data in their assigned PAEs.

[0180] In Fig. 27, a structure of a configuration unit is shown. The core unit is a sequencer (2701) of a set of commands
dominated.

[0181] The main commands are:

wait <trg #> Wait for the arrival of a specific trigger from the array, indicating which next configuration to be loaded.
Lookup <trg #> Returns the address of the called by an incoming trigger subroutine.

JMP <addr> leap address

INTEL - 1008
Page 463 of 590



Page 11
This text has been copied by the DPMA from the original sources. It does not contain any drawings. The tables and
formulas may be of unsatisfactory
Quality.
call <addr> leap address. Return address is stored on the stack
JMP <cond> <addr> Conditional jump by Address
call <cond> <addr> Conditional jump by Address. Return address is stored on the stack
ret Return to the return address stored on the stack
mov <target> <source> Transfers a word of data from source (source) to a destination (target). Source and destination
may be located in a memory or a
Its periphery address.
[0182] Essentially, the commands from PACT10, that the description of the CT known. A significant difference in the
implementation of
2602 is that only very simple commands are used for data management and not a complete microcontroller is used.
[0183] A significant extension of the instruction set is the "PQBm" - command to configure the PAEs. There are two
commands (pabmr, pabmm)
available which are composed as follows:
Page 16 --- (DE)
[0184] The commands to copy an assigned block of addresses and PAE PAE data from memory to the PAE array. By
<count>is
given how large the data block is to be copied. The data block is either attached directly to the opcode (a) or by specifying
the first
Memory address <MEMREF> referenced (b).
[0185] Each pa_adr
n
-pa_dta
n
-line lllustrates a configuration for a PAE. It is pa_adr
n
, The address and pa_dta
n
the configuration of the word
PAE on.
[0186] From PACT10 the RDY / ACK REJ protocol is known. If the configuration data accepted by a PAE, the PAE
acknowledges the
transmitted data with an ACK. By contrast, if PAE configuration data not accept, because they are not in a reconfigurable
State, it sends back a REJ. This fails to configure the algorithm part.
[0187] The point with REJ rejected pa_adr
n
-pa_dta
n
-line Is stored. The commands are again at a later time
called (cf.. PACT10, FILMO). If the command has been completely processed, ie it did not occur REJ, the command does
not further
Configuration through but terminated immediately. Trat a REJ on, the command skips directly to the site of the rejected
pa_adr
n
-pa_dta
n
-Row. Ever
according to command the body is stored differently:
pabmr: The address is stored in the register referred to with <regno>.
pabmm: The address is gepeichert directly in command at the storage location <offset>.
[0188] The commands are implemented by DMA structures as memory / IO transfers according to the prior art. The DMAs
are
extended logic to monitor the incoming ACK / REJ. The start address is determined by <regno>, or <offset>. The last
address of the
Data block is determined by the address of the instruction plus the opcode length minus one plus the number of pa_adr
n
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-pa_dta

n

-lines Calculated.

[0189] It is useful to expand the circuit described in PACT10 by the above commands.

[0190] FIG. 27 shows the structure of unit 2602. The unit consists of a set of registers 2701 to a simple ALU operations
for Stack

is assigned (2702). The structure contains address registers and stack pointer. Optionally, a complete ALU be used. A
bus system

(2703) with a minimum width combines registers and ALU. The width is dimensioned so that simple or easy
KontrolifluBbefehle ALU

Operations can be shown useful. In addition, the above-described PQBm commands, and the commands after PACT10
be

supports.
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Register and ALU are from a sequencer 2706 controlled, which is by executing commands a complete microcontroller. At
2703 is a unit 2704 connected to the trigger receives from the associated PAEs and acknowledged and, optionally, in turn,
trigger

sends to the PAEs.

[0191] Incoming triggers solve it in the sequencer 2706 an interrupt or be polled by the WAIT command. Optional on 2703
connected is an interface (2705) to a data bus of the associated PAEs to be able to send data to the PAEs. For example,
the assembler code of an implemented in the PAEs sequencer over 2705 sent. The interface includes a converter if
necessary to

Adjustment of different bus widths. The units 2701 bis 2706 are connected via a multiplexer / demultiplexer (2707) to a by
a multiple

wider bus system (2708) connected to the memory (2709 results). 2707 is the low-order addresses of the address / Stack
register

driven, the high-order address leading directly to the RAM (2711). The bus system 2708 results in an interface (2709)
obtained by the PA

Commands is controlled and leads to the configuration bus of PAEs. 2708 is designed deliberately broad, lowest
configuration bits per clock unit

over 2709 to send to the PAEs. Another interface (2710) connects the bus with a higher level CT, configuration and
Control data with 2602 exchanges. The Interface 2710 and 2709 on several occasions in PACT10, PACT ?7 been
described.

[0192] It is essential that in 2706 a reduced and optimized to the task minimum instruction set dominates, the mainly to
the PA

Commands, jumps, interrupts and lookup commands is optimized. Furthermore, the optimized wide bus system in 2708,
the more than 2707 narrow on a

Is transmitted bus system is of particular importance for the Umkonfigurationsgeschwindigkeit the unit.

[0193] FIG. 27A is a specific configuration of Fig. 27. The interface 2705 is used for transferring assembly code to the
PAE array

configured sequencer. The processing power of the sequencer essentially depends on the speed of the interface 2705
and the

Memory access from. In Fig. 27a is 2705 through a DMA function with direct memory access (2720

n

) Replaced. 2720

n

performs its own memory accesses

and has its own bus system (2722

n

) With a corresponding adjustment of the bus width (2721

n

); while the bus can for loading wide

Command sequences (ULIW) turn out relatively wide, so that as a limiting case in 2721

n

completely unnecessary. To further increase the speed is

the memory 2711 physically in 2711 a and 2711 b

n

been separated. The address space about 2711 a and 2711 b

n
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remains linear, but may be from 2701,

2702, 2706 are accessed independently simultaneously to both memory blocks; 2720

n

canonly 2711 b

n

access. 2720

n

, 2721

n

And 2711 b

n

can

several times (

n

Be implemented), so that multiple sequencers may be managed simultaneously. For this purpose, 2711 b

n

again in several physical

independent memory areas are divided. In Fig. 38 are examples of implementation 2720

n

described.

[0194] In FIG. 28, the structure of complex programs is illustrated. The basic modules of the programs are the complexing
configurations

(2801) containing the configuration one or more PAEs and the associated bus and trigger configurations. The 2801 will be
an opcode (2802) represents the additional parameters (2803) may possess. These parameters can on the one hand
constant data values, variable

Home values or special configurations include. There each one according to function, several or no parameter.

[0195] Several opcodes draw on a common set of complex configurations back and thus form an opcode group

(2805). The different opcodes a group distinguished by particular embodiments of the complex configurations. To
differentiations (2807) used which contain either additional configuration words, or in 2801 occurring configuration words
override.

Page 12
This text has been copied by the DPMA from the original sources. It does not contain any drawings. The tables and
formulas may be of unsatisfactory
Quality.
[0196] A complex-configuration unless differentiation is necessary, called directly by an opcode (2806). A program
(2804) consists of a sequence of opcodes together with the relevant parameters.
[0197] A complex function can even be loaded into the array and can then by different parameters or differentiations
are newly reconfigured. Only the changing parts of the configuration to be reconfigured. Different opcode groups access
different complex configurations back. (2805 a,..., 2805 n).
[0198] The different levels (complex configuration, differentiation, opcode, program) are in various levels of CTs
processed (see. CT hierarchies in PACT10). The different levels are in 2810 represented, where 1 is the lowest and N the
highest level
represents. CTs can be set up to arbitrarily deep hierarchies (cf.. PACT10).
[0199] It is in 2801 differed under two types of codes:
1. configuration words that depict an algorithm on the array of PAEs. The algorithm can be configured as a sequencer.
The
Configuration is done via the interface 2709. Configuration words are defined by the hardware. 2. algorithm-specific codes
of
the possible configuration of a sequencer or algorithm depend. These codes are defined by the programmer or compiler
and
are used to control an algorithm. For example, a Z80 configured as a sequencer in the PAEs, these codes the opcode of
the Z80
The microprocessor represents. Algorithm Specific codes are 2705 sent to the array of PAEs.
[0200] In Fig. 29, a possible basic structure of a PAE is shown. 2901 and 2902 represent the input and output registers of
the data
assigned to represent. the registers is a complete networking logic for switching on / data buses (2920, 2921) of the array
(see PACTO02).
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The trigger lines acc. PACTO08 be 2903 from the trigger bus (2922 tapped) and with 2904 on the trigger bus (2923
switched).

Between 2901 and 2902 an ALU (is 2905) any configuration connected. The data buses (2906, 2907) and the ALU is
assigned a

Register set (2915), in which local data is stored. The RDY / ACK Syncronisationssignale the data buses and coaches will
trigger

a state machine (or sequencer) (2910) carried out (2908), or generated by the unit (2909).

Page 18 --- (DE)

[0201] About an interface unit (2911) accesses the CT by means of a bus system (2912) selectively to a plurality of
configuration registers (2913)

t0. 2910 selected via a multiplexer (2914) each having a particular configuration of, or a plurality of Konfigurationswérten
sequenzt that

then represent commands for the sequencer.

[0202] Since the VPU technology works mainly pipelined, it is advantageous either the group in 2901 and 2903 or the
Group in 2902 and

2904 or both groups additionally to be provided with FIFOs. This can prevent that a pipeline by simple delays (z. B.
increase in the synchronization).

[0203] 2920 is an optional bus access, via a memory of a CT (see Fig. 27, 2720) or a gewdhnicher internal memory in
place of

the configuration register to the sequencer 2910 can be switched. This means that large sequential programs executed in
a PAE. Of the

Multiplexer 2914 is connected thereto so that it only connects the internal memory.

[0204] The addresses

a) for the memory CT through the circuit in FIG. 38 generated. b) for the internal memory directly from 2910 generated.
[0205] FIG. 30 shows a possible extension of PAE to the CT or another zuegschalteten microprocessor access to the

To enable data register. The address space and the interface of the bus unit (formerly 2911, 3003) are the additional
data buses (3001)

extended. The respective registers, a multiplexer (3002) upstream mittles the 3003 via the bus 3001 to write data to the
register

can. The outputs of the registers are about 3001 back to 3003 out. 3003 transfers the data to the CT 2912.

[0206] Alternatively, (3003 a) for transmitting the data to CT data, it is possible through an additional interface (3004) to
one of the CT

independent bus (3005) to be transferred.

[0207] FIG. 31 shows the coupling of the array of PAEs (3101) with a host microcontroller. 3101 includes, all |10
Channels according to the memories of the invention. The architecture operates in accordance with FIG. 23, 2912 in Fig.
31a represents the bus for the configuration data

and register data acc. Fig. 30 are available. The data bus is separately through 3104 illustrated. 3102 represents the CT,
which in Fig. Also the 31a

Represents microprocessor.

[0208] are applicable to all bus systems independently following port models to a processor, depending on the
programming model

and are chosen under consideration of price and performance:

1. Register model

[0209] In the register model of each bus is addressed via a register that is integrated directly into the register file of the
processor and

is addressed by the assembler as a register or group of registers. This model is on effizientestens if a few registers for
Data exchange sufficient.

2. 10 Model

[0210] The respective bus is in the 10 area of the processor. This is usually the easiest and most cost-effective option.

3. shared memory model4. Shared-memory DMA model

[0211] processor and bus share as in the previous model the same memory. To further speed increase, there is a rapid
DMA (see. Fig. 38) which takes care of the data exchange between bus and memory.

[0212] In order to increase the transmission time of each memory should physically separable from the remainder
memory be (multiple

Memory banks), so CPU and VPU can independently access its memory.

[0213] In Fig. 31b a CT (assumes 3102) while a dedicated processor (the configuration of the array, 3103) over 3006, the
Programming model according to FIG. Guaranteed 23 by about 3006 exchanges register data with the array and over
3104 the ordinary data

exchanges.
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[0214] The Fig. 31c / d corresponding to Fig. 31a / b, however, for the exchange of data, a shared memory (was 3105)
between the respective

Processor and 3101 selected.

[0215] FIG. 32 shows a circuit which allows the memory elements of the present invention in common to a memory or a
Group access of memories, each single storage group is individually and uniquely addressable. For this purpose, the
individual

Storage elements (3201) connected to a bus system, wherein each 3201 has its own bus. The bus may be bidirectional or
augestaltet

be implemented by two unidirectional buses. Pro storage there is an address / data multiplexer which switches through a
bus to memory. To

are the adjacent addresses of each bus decodes (3207) and thereafter a bus per unit time through an arbiter (3208)
selected

(3204). The corresponding data and addresses to the respective memory bus (3205 transmit a), wherein a state machine
(3206)

the necessary protocols generated. Meeting at a read request data from a memory is, by the respective state machine
Address of the memory connected to the bus, the data inquired. The addresses of all incoming buses per bus of the bus
system 3202

evaluated by a multiplexer unit and transmitted to the corresponding bus. The evaluation is carried out in accordance with
the evaluation of the

Output data, ie, a decoder (3209) per input bus (3205 b) passes a signal to an arbiter (3210), which controls the data
multiplexer. In order to

per unit time are different input busses on the bus system 3202 passed.

Page 13

This text has been copied by the DPMA from the original sources. It does not contain any drawings. The tables and
formulas may be of unsatisfactory

Quality.
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[0216] In Fig. 33 is for more flexible and simpler evaluation of the trigger and RDY / ACK signals the rigid state machine /
sequencer of rigid

2910 by a freely programmable (3301 replaced). The full feature of 3301 is determined by the configuration register 2913
prior to

Execution of algorithms defined by the CT. The loading of 3301 is compared with a 2911 order to manage 3301 Advanced
CT Interface (3302) controlled. The advantage of 3301 is that much more flexible to the different trigger and RDY / ACK
signals

can be dealt with, as in fixed-implemented 2910. A disadvantage affects the size of a 3301 made.

[0217] according to a compromise which is resulting in the highest flexibility at a reasonable size, the trigger and RDY /
ACK signals by a unit

3301 evaluate and fixed all processes within the PAE by a fixed unit implemented by 2910 to control.

[0218] The PAE according to the invention for the processing of logical functions in Fig. Ready to 34. Core of the unit is
below

detail described unit for linking individual signals (3401). About the usual registers 2901, 2902, 2903, 2904, the

Bus signals with 3401 connected. The registers are added to this, a feed mode, the individual signals isochronously
selectively without them

to store (register) between the buses and 3401 exchanges. The multiplexer (3402) and the configuration registers (3403)
are the

different configurations of 3401 adjusted. Also, the CT-Interface (is 3404) adapted accordingly.

[0219] FIG. 35 shows possible configurations of 3401. A global data bus connects the logic cells 3501 and 3502 with the
registers 2901,

2902, 2903, 2904. Through bus switch which can be designed as a multiplexer, gates, transmission gates or single
transistors 3504 with

the logic cells connected. The logic cells can be designed either completely uniform, or different functionality own (3501,
3502). 3503 represents a RAM memory.

[0220] Possible Ausgstaltung the logic cells are:

- Lookup Tables - Logic - Multiplexers - Register

[0221] The selection of the functions and crosslinking can either be done flexibly programmable by SRAM cells or by
unalterable ROM or semi-static FlashROM.

[0222] To speed sequential algorithms that can be bad parallelization is speculative in conventional processors
Execution already prior art. The parallel variant for VPUs is in FIG. 36 is shown. The operand (3601) are at the same time
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several possible paths of subalgorithms (3602 a, 3602 b, 3602 c) out. The Teilagorithmen possibility to a different area
and

Have time requirement. In each case according to the Part algorithms, the data are stored according to the invention
(3612 a, 3612 b, 3612 ¢) before after

Processed reconfiguration of the next part of algorithms (3603). The Umkonfigurationszeitpunkte the individual partial
algorithms are

independently, as is the number of partial algorithms themselves (3603, 3614). Once decidable, which is to choose the
paths that are

the paths via a bus multiplexer or merged (3605). From a condition generated trigger signals (see FIG. PACTO08) (3606
determine)

selected which of the paths, and is forwarded to the following algorithms.

[0223] FIG. 37 shows the structure of a high-level language compiler, the ordinary sequential high-level language (C,
Pascal, Java) to a VPU system

translated. Sequential Code (3711) is of parallel code (3708 separately), which 3708 is processed directly in the array of
PAEs.

[0224] For 3711, there are three design options:

1. Within a sequencer of a PAE (2910) 2. By using a configured in the VPU sequencer. The compiler generates this one
hand, a

on the task optimized sequencer, on the other hand directly to specific algorithms Sequenzercode (see. 2801). 3. On a
common

external processor (3103) Which option is selected depends on the architecture of the VPU, the computer system and the
algorithm.

[0225] The Code (3701) is first in a preprocessor (3702) in DatenfluBcode (3716) (in a special version of the respective
Programming was written datenfluBoptimiert) and ordinary sequential code separately (3717). 3717 is on parallelizable
Subalgorithms examined (3703), the sequential subalgorithms be discarded (3718). The parallelizable algorithms as part
Macros provisionally placed and routed.

[0226] In an iterative process the macros with the datenfluBoptimierten code (be 3713) placed, routed and partitioned
together

(3705). A Statistics (3706) evaluates the individual macros and their partitioning from in terms of efficiency, the
reconfiguration time and

the effort of reconfiguring flows into the efficiency analysis. Inefficient macros are removed and discarded as sequential
code

(3714).

[0227] The remaining parallel code (3715) is compiled with 3716 and assembled (3707) and VPU object code is output
(3708).

[0228] A statistic on the efficiency of the generated code, and the individual (even with the 3714 remote macros) is output
(3709)

the programmer receives by substantial evidence of speed optimizations of the program.

[0229] Each of the remaining macro-sequential codes is examined for its complexity and requirements (3720). From a
database

which depends on the VPU architecture and the computer system (3719) to select the respective suitable sequencer and
as VPU code (3721)

output. A compiler (3721) generates the assembly language code of the respective macros for each of 3720 sequencer
selected and outputs it

(3711). The 3710 and 3720
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are closely interlinked. Optionally, the processing proceeds iteratively to the appropriate sequencer with minimal and
fastest

Find assembler code.

[0230] A linker (3722) summarizes the assembler code (3708, 3711, 3721 together) and generates executable object
code (3723).

[0231] FIG. 38 shows an internal structure of 2720. Core of the circuit is a loadable up / down counter (3801), the start
value of his

Circuit Fig. 27 from the bus 3803 (corresponding to 2703) via the multiplexer according to set 3802 receives. The
counter serves as a program counter

(PC) for the associated sequencer, the start value is the first address of the program to be executed. The value of 3801 is
a

Adder (3805) and 3802 attributed to the counter. The bus 3804, an offset is from the sequencer to 3805 out of either
the

INTEL - 1008
Page 469 of 590



Will be deducted or added PC. This relative jumps are efficiently implemented. The PC is via the bus 3811 to the PAE
array

drawn out and can be stored for call operations on the stack. For RET operations of the PC is about 3804 and 3802 from
the stack on

3801 out.

[0232] The multiplexer 3806 either the PC or supplied by the PAE array stack pointer (is 3807) to an adder (3808) out.
Here, an offset is subtracted or added to the values of the register 3809 is stored and over 3803 is written. 3808 allows
the displacement of the program within the memory 2711. This will garbage collector functions to clean up the memory
possible (see. PACT10). The address shift that is occurring by the garbage collector by adjusting the offsets in 3809
compensated.

[0233] Fig. 38a is a variant of Fig. 38 in which the stack pointer (3820) is also integrated. About 3804 is only the offset for
relative

Jumps to 3805 conducted (3804 a). The stack pointer is an up / down counter in accordance with 3801, its start value of
the beginning of the stack

represents, and about 3803 being charged. The PC is passed directly to the data bus to the memory via a multiplexer to
call in operations

This text has been copied by the DPMA from the original sources. It does not contain any drawings. The tables and
formulas may be of unsatisfactory

Quality.

to be written to the stack. The data bus of the memory is about 3821 and 3802 to 3801 fed back, to carry out rescue
Operations.

[0234] FIG. 39 illustrates the operation of the memory. The memory (3901) is via a multiplexer (3902 addressed). In
standard mode,

Lookup mode and register mode, the address of the array (3903) led directly to 3,901th In stack mode and FIFO mode,
the

Addresses in an up / down counter (3904 generates). In this case, the addresses of the 10-side of a further up / down
counter (be 3905) to

Provided. The addresses for the external RAM (or 10) are a further up / down counter (3906) is generated, the base
address is

from a register (3907) loaded. The register is set by the CT or an external host processor. The complete control takes

a state machine (3908). The state of the memory (full, empty, half full, etc.) takes 3908 an up / down counter (3909) of the
number of the

Storage located words count. If the memory blocks changed (City write on external stack, or read from an external stack)
is

the size of block as a constant (3917) to an adder / subtractor (3910 shown) to which the count of 3909 is fed back. That
Earnings after 3909 loaded. Thus, the count can quickly adapt to changes in blocks. (Of course, it is possible to counter
with every read or written word at a. To modify block operation). For cache operations is a cache controller

(3911) according to the prior art are available, to which a tag memory (3912) is associated. Depending on the mode, the
value of 3911 or 3906

via a multiplexer (3913 out) as an address to the outside (3914). The bus 3915 the data will be routed to the outside and
the bus 3916

the data is exchanged with the array.

Programming examples for clarification of subalgorithms

[0235] A module can be, for example, declared as follows:

module example1

input (vari, var2: ty

1

;var3: ty

2

).

Output (rest, res2: ty

3

).

begin

Register <regname1> (res1).

Register <regname2> (res2).
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terminate @ (res1 & res2; 1).

end.

modules marks the beginning of a module.

Input / Output defines the input / Ausgangsvariablen with the types ty
n

begin. , , end mark the hull of the module.

Register <regname1 / 2> returns the result to the output,

wherein the result is latched in the register specified by <regname1 / 2>. <regname1 / 2> is a global reference in

a particular register.

[0236] For example, the following types of memory are provided as further Ubergabemodi to the output available:

FIFO <fifoname>, the data is passed to an operating according to the FIFO principle storage. <fifoname> is a global
reference

to a specific, working in FIFO mode memory. @ terminate is extended to include the parameters or the signal "fifofull" who
/ that

indicating that the memory is full.

stack <stack name>, where the data is passed to an operating according to the principle stack memory. <stack name> is
a global

Reference to a specific, working in the stack mode memory.

[0237] terminate @ differentiates the programming in accordance with the inventive method of the conventional sequential
Programming. The command defines the termination criterion of the module. The outcome variables res1 and res2 be of
@ terminate not with her

actual value evaluated, instead only the validity of the variables (ie whose status signal) tested. For this purpose, the two
signals are res1

and res2 Boolean together
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linked, z. B. by an AND, OR or XOR operation. If both variables valid, terminated the module to the value 1. This means a
Signal having the value 1 is transmitted to the superordinate load unit, whereupon the parent loading unit loads the
subsequent modules.

Modules example2

input (vari, var2: ty

3

;var3: ty

2

)

Output (rest, ty

4

)

begin

Register <regname1> (var1, var2).

fifo <fifoname1> (res1, 256).

terminate @ (fifofull (<fifoname1>); 1).

end.

[0238] register is defined in this example, via input data. Where <regname1> same as in example1. This causes the
register,

which receives the output data in example1, provides the input data for example2 available.

[0239] FIFO defines a FIFO depth of 256 for the output data res1. The Full flag (fifofull) of the FIFO memory is in
terminate @

used as termination criterion.

modules Main

input (in1, in2: ty

1

; IN3: ty

2

)

Output (OUT1: ty

4

)
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begin

define <regname1>: register (234)
define <regname?2>: Register (26).
define <fifoname1>: FIFO (256.4). // FIFO depth 256

[N ]

(var12, var72) = call examplel (in1, in2, in3).

[ IE]

(out1) = call example2 (vari12, var72, var243).

(AR IE]

signal (OUT1)

terminate @ (example?2).

Page 15
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end.

[0240] define defines an interface for data (register, memory, etc.). When defining the necessary resources, and the

Given name of the interface. Since the resource only once available, they must be clearly identified.
So the definition is global, that is, the designation is valid for the entire program.

[0241] Call will run a module as a subroutine.

[0242] signal defines a signal as an output signal without any intermediate storage is used.

[0243] Due to terminate @ (example2) the main module is terminated as soon as the subroutine example2 terminated.
[0244] Due to the global declaration "define..." it is in principle not necessary, the so-defined input / output signals in the

interface

Declaration of the modules incorporated.

A method of operating a reconfigurable unit, characterized in that the acknowledgment signals of configurable cells

temporally

offset will be evaluated for their configuration.
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Application No. Applicant(s)
14/219,945 VORBACH ET AL.

Office Action Summary Examiner Art Unit AA (First Inventor to File)
Abdelmoniem ELAMIN 2116 SN‘Z‘“S

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 03/19/2014.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)[] An election was made by the applicant in response to a restriction requirement set forth during the interview on
; the restriction requirement and election have been incorporated into this action.
4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*

5[ Claim(s) 2-46 is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.

6)[1 Claim(s) is/are allowed.

7)X Claim(s) 2-46 is/are rejected.

8)[] Claim(s) ____is/are objected to.

9] Claim(s) are subject to restriction and/or election requirement.
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
hitn /raww. usplo.gov/patents/init_events/pph/indax.jsp or send an inquiry to PPHieedback@uspto.qov.

Application Papers
10)[]] The specification is objected to by the Examiner.
11)] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)X Al b)[] Some** c)[] None of the:
1. Certified copies of the priority documents have been received.
2.X] Certified copies of the priority documents have been received in Application No. 10/469,909.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) & Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
. . Paper No(s)/Mail Date.
2) IZ Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 |:| Other-
Paper No(s)/Mail Date 04/03/2015; 05/15/2015; 07/15/2015; 11/24/2015. ) ther
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20160510
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DETAILED ACTION
1. The present application is being examined under the pre-AlIA first to invent provisions.
Claim Rejections - 35 USC § 102
2. The following is a quotation of the appropriate paragraphs of pre-AIA 35 U.S.C. 102 that
form the basis for the rejections under this section made in this Office action:
A person shall be entitled to a patent unless —
(b) the invention was patented or described in a printed publication in this or a
foreign country or in public use or on sale in this country, more than one year
prior to the date of application for patent in the United States.
3. Claims 2-46 are rejected under pre-AIA 35 U.S.C. 102(b) as being anticipated by Kikinis,
US. Pat. No. 5,502,838.
4. Claims 2, 20-22, 34-35, 41-43, 45-46, Kikinis teaches a multiprocessor system comprising:
a plurality of data processing units [see Figs 4 and 5], each of the data processing units:
(a) being programmable [abstract, see also Figs 4-5 and related disclosure]; and
(b) being adaptable for sequentially processing data in a clocked manner
[controller 65 of fig. 4 allocates workload between processors]; and including
(cl) at least one Arithmetic Logic Unit (ALU) [inherent] and
(c2) at least one data register set, for storing intermediate results in sequential data
processing at least one bus system for at least interconnecting at least some of the data
processing units, each being provided a supply voltage by a voltage supply [abstract, see
also Figs 4-5 and related disclosure];
wherein for at least some of the data processing units, the clock frequency is

adjustable at runtime without affecting the clock frequency of at least one of: one other of
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the data processing units and the bus system [each processor is provided with individual
operational clock rate, see Fig. 2]; and

wherein the voltage supply is adapted to supply higher supply voltages for data
processing at higher clock frequencies [the operating voltage to each functional circuit is

adjusted as a function of the altered clock rate, see claim 10 of Kikinis].

5. Claims 3, 33, 36, Kikinis teaches for at least some of the data processing units, the clock
frequency is adjustable at runtime according to a state of the multiprocessor system [abstract,
col. 3, lines 34-41].

6. Claims 4, 37, Kikinis teaches for at least some of the data processing units, the clock
frequency is adjustable at runtime according to a state of the data processing entity [abstract,
col. 3, lines 34-41].

7. Claims 5, 38, Kikinis teaches for at least some of the data processing units, the clock
frequency is adjustable at runtime according to a state of others of the data processing units
[see Fig. 3, col. 4, lines 23-40].

8. Claims 6, 23, 39, Kikinis teaches for at least some of the data processing units, the clock
frequency is adjustable at runtime according to a priority of a sequential task [col. 5, lines 14-
24].

9. Claims 7, 24, 40, Kikinis teaches the processor is adapted to reduce the supply voltage when
the clock frequency is reduced [operating voltage is lowered as operating frequency is
lowered, see abstract].

10. Claims 8, 44, Kikinis teaches subsequently reduce the clock frequency in accordance with a

hysteresis characteristics [abstract].
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11. Claims 9, 25, Kikinis teaches a heterogeneous plurality of clocked data processing units [see
Fig.4 and related disclosure].

12. Claims 10, Kikinis teaches subsequently reduce the clock frequency in accordance with a
hysteresis characteristics [abstract].

13. Claims 11-12, 26, Kikinis teaches a plurality of temperature sensors and a heterogeneous
plurality of clocked data processing units, the multiprocessor having a plurality of regions, a
temperature sensor being provided for each of said plurality of regions to measure the
temperature of said specific region; and the clock frequencies of said data processing units
being dynamically adjustable in accordance with the sensed temperatures [each
microprocessor package has a temperature sensor mounted in a manner fo sense the
temperature of each individual microprocessor package, see col. 5, lines 5-23].

14. Claims 13, 27, Kikinis teaches (i) setting a clock frequency of at least a part of the
multiprocessor system to a value in accordance with a first processor load, the value being
less than a maximum value [abstract, col. 5, lines 43-52]; (i) subsequently increasing the
clock frequency of the at least the part of the multiprocessor system to a maximum in
accordance with a second processor load [see Fig. 6, col. 4, lines 33-40]; and (iii)
subsequently reducing the clock frequency of the at least the part of the multiprocessor
system in accordance with an operating temperature threshold for preventing over
temperature [see step 111 of Fig. 6, col. 4, lines 33-40].

15. Claims 14, 28, Kikinis teaches subsequently reduce the clock frequency in accordance with a

hysteresis characteristics [abstract].
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16. Claims 15, 28, 29, Kikinis teaches a low power operation mode is provided such that a first
data processing unit is active while a plurality of other data processing units are deactivated
[see col. 6, line 62 thru col. 7, line 2].

17. Claims 16, 30, Kikinis teaches the first data processing unit is adapted to activate at least
some of the other data processing units for data processing in response to an event [see col. 6,
line 62 thru col. 7, line 2].

18. Claims 17, 31, Kikinis teaches in the low power mode the minimum clock rate of the
plurality of other units is set in accordance clock rate necessary for preserving the memory
contents [inherent].

19. Claims 18, 32, Kikinis teaches selectively set the clock frequency of at least some of the
processing units in response to a prioritization of a task assigned [each processor is provided
with individual operational clock rate, see Fig. 2].

20. Claims 19, the plurality of data processing units are disposed within a mobile device [see

Figs 4 and 5].

Conclusion
Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Abdelmoniem ELAMIN whose telephone number is (571)272-
3674. The examiner can normally be reached on MON - FRI 10:00 AM - 6:30 PM.
If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Kim Huynh can be reached on 571-272-4147. The fax phone number for the

organization where this application or proceeding is assigned is 571-273-8300.
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Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would
like assistance from a USPTO Customer Service Representative or access to the automated

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/Abdelmoniem Elamin/
Primary Examiner, Art Unit 2116
May 11, 2016
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Claims:

1. (canceled)

2. (Currently amended) A multiprocessor system comprising:
a plurality of data processing units, each of the data processing

units:
(a) being programmable; and

(b) being adaptable for sequentially processing data in a clocked

manner; and including
(c1) at least one Arithmetic Logic Unit (ALU), and

(c2) at least one data register set; for storing intermediate

results in sequential data processing;

at least one bus system for at least interconnecting at least some
of the data processing units, each being provided a supply

voltage by a voltage supply;

wherein for at least some of the data processing units, the clock
frequency is adjustable at runtime without affecting the

clock frequency of at least one of:
one other of the data processing units, and

the bus system; and

2
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wherein the voltage supply is adapted to supply higher supply

voltages for data processing at higher clock frequencies.

3. (Original) The system of claim 2 wherein for at least some of the
data processing units, the clock frequency is adjustable at runtime

according to a state of the multiprocessor system.

4. (Original) The system of claim 2 wherein for at least some of the data
processing units, the clock frequency is adjustable at runtime

according to a state of the data processing entity.

ot

. (Original) The system of claim 2 wherein for at least some of the data
processing units, the clock frequency is adjustable at runtime

according to a state of others of the data processing units.

o)}

. (Original) The system of claim 2 wherein for at least some of the data
processing units, the clock frequency is adjustable at runtime

according to a priority of a sequential task.

EN |

. (Original) The system of claim 2, wherein the processor is adapted to

reduce the supply voltage when the clock frequency is reduced.

oo

. (Original) The system of claim 7 adapted to subsequently reduce the

clock frequency in accordance with a hysteresis characteristics.

©

. (Original) The system of claim 2 further comprising: a heterogeneous

plurality of clocked data processing units.
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10. (Original) The system of claim 9 adapted to subsequently reduce the

clock frequency in accordance with a hysteresis characteristics.
11. (Currently amended) The system of claim 2, further comprising:

a plurality of temperature sensors and a heterogeneous plurality

of clocked data processing units;; and wherein

the multiprocessor having a plurality of regions, a temperature
sensor being provided for each of said plurality of regions to

measure the temperature of said specific region; and

the clock frequencies of said data processing units being
dynamically adjustable in accordance with the sensed

temperatures.

12. (Original) The system of claim 11 adapted to subsequently reduce
the clock frequency in accordance with a hysteresis

characteristics.

13. (Original) A system of claim 2 adapted to:

(1) setting a clock frequency of at least a part of the multiprocessor
system to a value in accordance with a first processor load,

the value being less than a maximum value;

(1) subsequently increasing the clock frequency of the at least the
part of the multiprocessor system to a maximum in

accordance with a second processor load; and

INTEL - 1008
Page 542 of 590



PACT-025-PCT-US-D1-2C1-D1
14/219,945

(111) subsequently reducing the clock frequency of the at least the
part of the multiprocessor system in accordance with an
operating temperature threshold for preventing

overtemperature.

14. (Original) The system of claim 13 adapted to subsequently reduce
the clock frequency in accordance with a hysteresis

characteristics.

1

ot

. (Original) The system of claim 2, wherein a low power operation
mode is provided such that a first data processing unit is active

while a plurality of other data processing units are deactivated.

1

o)}

. (Original) The system of claim 15, wherein the first data processing
unit is adapted to activate at least some of the other data

processing units for data processing in response to an event.

1

-

. (Original) The system of claim 2, wherein in the low power mode the
minimum clock rate of the plurality of other units is set in
accordance clock rate necessary for preserving the memory

contents.

1

oo

. (Original) The system of claim 2 adapted to selectively set the clock
frequency of at least some of the processing units in response to a

prioritization of a task assigned.

1

©

. (Original) The system of claim 2, wherein the plurality of data

processing units are disposed within a mobile device.
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20. (Currently amended) A mobile device comprising:

a multiprocessor system including: a plurality of data processing

units, each of the data processing units:

(a) being programmable;_and

(b) being adaptable for sequentially processing data in a
clocked manner;

and including

(cl) at least one Arithmetic Logic Unit (ALU), and

(c2) at least one data register set; for storing
intermediate results in sequential data

processing;

at least one bus system for at least interconnecting at least some

of the data processing units, each_of the data processing

units being provided a supply voltage by a voltage supply;

wherein for at least some of the data processing units, the clock
frequency 1s adjustable at runtime without affecting the
clock frequency of at least one of: one other of the data

processing units and the bus system; and

wherein the voltage supply is adapted to supply higher supply

voltages for data processing at higher clock frequencies.
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21. (Original) The mobile device of claim 20 further comprising a

battery.

22. (Original) The mobile device of claim 21 further comprising a heat

sink for the multiprocessor system.

23. (Original) The mobile device of claim 20, wherein for at least some of
the data processing units, the clock frequency is adjustable at

runtime according to a priority of a sequential task.

24. (Original) The mobile device of claim 23, wherein the processor is
adapted to reduce the supply voltage when the clock frequency is

reduced.

25. (Original) The mobile device of claim 24 further comprising: a

heterogeneous plurality of clocked data processing units.

26. (Original) The mobile device according to claim 21 further

comprising:

a plurality of temperature sensors and a heterogeneous plurality

of clocked data processing units,

the multiprocessor having a plurality of regions, a temperature
sensor being provided for each of said plurality of regions to

measure the temperature of said specific region; and
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the clock frequencies of said data processing units being
dynamically adjustable in accordance with the sensed

temperatures
27. (Original) The mobile device according to claim 21 adapted to:

(1) setting a clock frequency of at least a part of the multiprocessor
system to a value in accordance with a first processor load,

the value being less than a maximum value;

(i1) subsequently increasing the clock frequency of the at least the
part of the multiprocessor system to a maximum in

accordance with a second processor load; and

(ii1) subsequently reducing the clock frequency of the at least the
part of the multiprocessor system in accordance with an
operating temperature threshold for preventing

overtemperature.

28. (Original) The mobile device according to claim 21 adapted to
subsequently reduce the clock frequency in accordance with a

hysteresis characteristics.

29. (Original) The mobile device according to claim 21, wherein a low
power operation mode is provided such that a first data processing

unit is active while a plurality of other units are deactivated.
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30. (Original) The mobile device of claim 29, wherein the first entity is
adapted to activate at least some of the other units for data

processing in response to an event.

31. (Original) The mobile device of claim 29, wherein in the low power
mode the minimum clock rate of the plurality of other units is set
in accordance clock rate necessary for preserving the memory

contents.

32. (Original) The mobile device of according to claim 21 adapted to
selectively set the clock frequency of at least some of the

processing units in response to a prioritization of a task assigned.

33. (Original) The mobile device of claim 20 wherein for at least some of
the data processing units, the clock frequency is adjustable at
runtime according to at least one of: a state of the multiprocessor
system, a state of the data processing entity, a state of others of

the data processing units, and a priority of a sequential task.

34. (Original) The mobile device according to claims 21 wherein the

mobile device is a mobile computer.

35. (Currently amended) A method of operating a multiprocessor

system, the multiprocessor system comprising:

.l e datainaclocked :
Lapalitvofd . to_cach of thed
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a plurality of Pprogrammable_data processing units, each

and-including

at least one Arithmetic Logic Unit (ALU), and

at least one data register set for storing intermediate results

m-thefor sequential data processing;

the method comprising:

sequentially processing data in a clocked manner via the plurality

of programmable data processing units;

interconnecting at least some of the data processing units via at

least one bus system;

supplying to at least some of the data processing units a supply

voltage from a voltage supply;_and
for at least some of the data processing units:;

adjusting a clock frequency at runtime, without affecting the
clock frequency of at least one of: one other of the data

processing units and the bus system; and

supplying higher supply voltage for data processing at

higher clock frequencies.

10
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36. (Original) The method of claim 35, wherein the adjusting the clock
frequency at runtime is adjusted according to a state of the

multiprocessor system.

3

g

. (Original) The method of claim 35, wherein the adjusting the clock
frequency at runtime is adjusted according to a state of a least one

data processing unit.

38. (Original) The method of claim 35, wherein the adjusting the clock
frequency at runtime is adjusted according to a state of others

data processing units.

39. (Original) The method of claim 35, wherein the adjusting the clock
frequency at runtime is adjusted according to a priority of a

sequential task.

40. (Original) The method according to claim 35, wherein the clock rate

1s set in response to an amount of data buffered for processing.

41. (Original) The method according to claim 35, wherein the clock rate
1s set in response to an increase rate of an amount of data buffered

for processing.

4

[\

. (Original) The method according to claim 35, wherein the clock rate
1s set in response to a decrease rate of an amount of data buffered

for processing.

4

w

. (Original) The method according to claim 35, wherein the clock rate
1s set in response to a release condition for execution.

11
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44. (Original) The method according to claim 35, wherein the clock rate

1s set in response to a hysteresis behavior.

45. (Original) The method according to claim 35, wherein the clock rate

1s set in response to one or more measured temperatures.

46. (Original) The method according to claim 35, wherein the clock rate

1s set in response to an overtemperature condition.

12
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REMARKS

Claims 2-46 are pending; 2, 20 and 35, independent. Each of the
independent claims is directed to a microprocessor system having a
plurality of programmable sequential data processors and each claim
further requires a register set for storing intermediate results for
sequential data processing. According to the specification, at [0025], a
sequential data processor may pass onto one or more other processors
for subsequent processing of data. Paragraph [0019] describes that the
multiprocessor system may have a register unit or set which may be
assigned the remaining processors such subsequent sequential data

processing.

Sequential data processors process a set of data using one or more
arithmetic or logic operations on sets of data as opposed to the more
common general purpose data processor that typically executes one
instruction on a pair of input operands before loading and executing he
next instruction. The more general processor is generally known as a

sequential instruction processor.

While the present invention certainly includes controlling the
clocking of the various processors to prevent over-temperature
conditions, the invention is broader than that because it includes
controlling the clocking without regard to temperature. For example,
when configurations of processors are limited by their interconnections
(space, capacitance and other factors) such that propagation time is

affected, the various processors can be separately clocked according to

13
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their functional and timing requirements. See, e.g., paragraph [0024].
Because their data results might be needed by subsequent processors,
when particular processor configurations are computationally more
complex and take more time, they might need to be clocked at a higher
rate. It is significant therefor that the present invention involves and is
limited to processors of the sequential data processor type that have
data register sets for storing intermediate results for subsequent data
processing by sequential data processors, but not limited to controlling

processing to respond to temperature conditions.

The examiner has rejected all claims over Kikinis, US. Pat. No.
5,502,838. However, Kikinis does not disclose a multiprocessor system
comprising sequential data processors. All the Kikinis processors are
conventional processors and all the same architecture. See, the
architecture disclosed in Fig. 2, and at, e.g., 5:10-9-13, where
“computational and logic load [may be shifted] for one microprocessor to
another, fighting load management to limit temperature rise.” Such
shifting of computational load is only possible if the computations are
not affected by the microprocessor selected. In contrast, as well known,
with sequential data processing architectures, where results in one
processor are fed to another, for each to perform a separate computation
that may be computationally different from the other processors.
Because they also depend upon each other, i.e., the results of one are fed
to the next, it is not always possible to speed up or slow down one in a
plurality of computationally interconnected processors for “temperature

reasons” without affecting the others in terms of performance.
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In serial data processors, in contrast, where one has more
calculations to do than another, or where the processing of one
processor takes longer than another for any reason, it is highly

desirable to speed up the processing of the one that is the slowest.

Applicant respectfully submits that the claims are limited to
sequential data processors that have register sets for storing data for
sequential data processing, and neither are disclosed in Kikinis. Kikinis
relates only to data processors of conventional architecture or at least
which all have the same processor design. These limitations are
significant and define over Kikinis. Applicant therefore respectfully

traverses the rejections of all claims over Kikinis.

Applicant also wishes to respectfully bring the examiner’s
attention to claims 5, 33 and 38 that all require, in varying language,
that the “the clock frequency is adjustable at runtime according to a
state of others of the data processing units.” This requires coordination
of the frequency of one data processor to accommodate the needs of
another. As described, e.g., at [0023] and [0024], when one processor
has more processing to do, or is slower or faster than another for any
reason, the two processors or groups of interrelated sequential data
processors may be frequency controlled to coordinate processing.

Nothing of the sort is disclosed in Kikinis.

Finally, applicant wishes to point to the requirement for a
hysteresis in claims 8, 10, 12, 14, 28 and 44. According to the

specification, e.g. at [0107], hysteresis is a beneficial characteristic to

15
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determine clock rates when temperature sensitive change of the clock

frequencies is to be performed. Nothing of the sort is described the

Kikinis.

Applicant has introduced minor punctuation and other such
changes to the independent claims only for the purposes of clarity.
Applicant respectfully request reconsideration based in view of the

above remarks.

Respectfully Submitted,

Date: Wednesday, August 10, 2016
/Edward P. Heller 111/
Edward P. Heller, 111
Attorney/Agent for Applicant(s)
Reg. No. 29,075

Customer Number 73481
Edward P. Heller, I11

Chief Patent Counsel

4880 Stevens Creek Boulevard
Suite 103

San Jose, CA 95129

Tel. (408) 886-5446
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Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the
requirement that the Office provide a patent term adjustment determination with the notice of allowance. See
Revisions to Patent Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer
providing an initial patent term adjustment determination with the notice of allowance. The Office will continue to
provide a patent term adjustment determination with the Issue Notification Letter that is mailed to applicant
approximately three weeks prior to the issue date of the patent, and will include the patent term adjustment on the
patent. Any request for reconsideration of the patent term adjustment determination (or reinstatement of patent term
adjustment) should follow the process outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and
Budget approval before requesting most types of information from the public. When OMB approves an agency
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the
agency to inform the public about the OMB Control Number’s legal significance in accordance with 5 CFR
1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to
respond to a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination of
proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is required
by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C.
218(c)).

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency's
responsibility to recommend improvements in records management practices and programs, under authority
of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations
governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive.
Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the
record was filed in an application which became abandoned or in which the proceedings were terminated
and which application is referenced by either a published application, an application open to public
inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
14/219,945 VORBACH ET AL.
. I i i AlA (First Inventor to File)
Notice of Allowability /E)E(s%rEmE)NlEM ELAMIN ;r t1 elsj " Status
No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. X This communication is responsive to amendment filed on 08/10/2016.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. [[] An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction
requirement and election have been incorporated into this action.

3. X The allowed claim(s) is/are 2-46. As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

4. [X] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or ().

Certified copies:
a)X Al b)[ Some *c)[] None of the:
1. [] Certified copies of the priotity documents have been received.
2. [X Certified copies of the priority documents have been received in Application No. 13/653,639 .
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:

Applicant has THREE MONTHS FROM THE “MAILING DATE” of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

[ including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. ] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1. [J Notice of References Cited (PTO-892) 5. [X] Examiner's Amendment/Comment

2. [ Information Disclosure Statements (PTO/SB/08), 6. ] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date

3. [ Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

of Biological Material
4. [ Interview Summary (PTO-413),
Paper No./Mail Date .

/ABDELMONIEM ELAMIN/
Primary Examiner, Art Unit 2116

U.S. Patent and Trademark Office

PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date
20161122
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Application/Control Number: 14/219,945 Page 2
Art Unit: 2116

The present application is being examined under the pre-AIA first to invent provisions.
EXAMINER'S AMENDMENT
An examiner's amendment to the record appears below. Should the changes and/or
additions be unacceptable to applicant, an amendment may be filed as provided by 37 CFR
1.312. To ensure consideration of such an amendment, it MUST be submitted no later than the
payment of the issue fee.
The application has been amended as follows:

IN THE SPECIFICATION:

Please amend specification as follows:

On page 1, before "FIELD OF THE INVENTION," insert the following:

--BENEFIT CLAIM

This application is a divisional of U.S. Pat. App. Ser. No. 13/653,639, filed Oct. 17, 2012,
now US Pat. No. 9,075,605, which is a continuation of U.S. Pat. App. Ser. No. 12/570,984, filed
on September 30, 2009, now US Pat. No. 8,312,301, which is a continuation of U.S. Pat. App.
Ser. No. 12/257,075, filed on October 23, 2008, now US Pat. No. 8,099,618, which is a
divisional of U.S. Pat. App. Ser. No. 10/469,909, filed on September 21, 2004, now US Pat. No.
7,444,531, which is a national phase of Int. Pat. App. No. PCT/EP02/02402, filed on March 5,
2002, which claims priority to German Patent Application Serial No. DE 101 10 530.4, filed on
March 5, 2001, the entire contents of each of which are expressly incorporated herein by

reference thereto.--

INTEL - 1008
Page 563 of 590



Application/Control Number: 14/219,945 Page 3
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Any comments considered necessary by applicant must be submitted no later than the
payment of the issue fee and, to avoid processing delays, should preferably accompany the issue
fee. Such submissions should be clearly labeled "Comments on Statement of Reasons for
Allowance."

Conclusion

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to ABDELMONIEM ELAMIN whose telephone number is
(571)272-3674. The examiner can normally be reached on MON - FRI 10:00 AM - 6:30 PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Kim Huynh can be reached on 571-272-4147. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would
like assistance from a USPTO Customer Service Representative or access to the automated
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/ABDELMONIEM ELAMIN/
Primary Examiner, Art Unit 2116

November 22, 2016
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6 7 22 23 38 39

7 8 23 24 39 40
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Date: 11/22/2016
Time: 11:45:35

Inventor Name Search Result

Your Search was:

Last Name = BAUMGARTE
First Name = VOLKER

|Applicati0n# Patent#|[ PG Pub# |[Status|[Date Filed||Title Examlner Name Inventor Name
FLEANA N $643/120040025005(( 150  {|06/19/2003PIPELINE ELAMIN,ABDELMONIEM|BAUMGARTE,
CONFIGURATION OLKER
UNIT PROTOCOLS
AND
COMMUNICATION
§95559(120040128474(| 150  ((01/20/2004|[LOGIC CELL TAN,VIBOL AUMGARTE,
ARRAY AND BUS OLKER
SYSTEM
10489908 531[20050066213[f 150 09/21/2004{METHODS AND ELAMIN,ABDELMONIEM|BAUMGARTE,
DEVICES FOR OLKER
TREATING AND
PROCESSING DATA
. 20070299993| 161 1/02/17/2005][Method and Device for [MAMO,ELIAS AUMGARTE
Treating and OLKER
Processing Data
13120060090062) 150  [[08/26/2005(RECONFIGURABLE ([VICARY KEITH BAUMGARTE,
GENERAL PURPOSE OLKER
PROCESSOR
HAVING TIME
RESTRICTED
CONFIGURATIONS
10304654 21{[20070150637(f 150 [07/14/2006||BUS SYSTEMS AND ||CLEARY, THOMAS BAUMGARTE,
RECONFIGURATION,| OLKER
METHODS
84/120070050603) 150  {[08/02/2005([DATA PROCESSING [[THALTUAN BAUMGARTE,
METHOD AND OLKER
DEVICE
12][20050223212) 150 [[05/04/2005(PIPELINE ELAMIN,ABDELMONIEM|BAUMGARTE,
CONFIGURATION IVOLKER
PROTOCOL AND
CONFIGURATION
UNIT
COMMUNICATION
§120090100286|| 150  [[10/23/2008[METHODS AND ELAMIN,ABDELMONIEM|BAUMGARTE,
DEVICES FOR IVOLKER
TREATING AND
PROCESSING DATA
3120090146691 150  [(02/13/2009ILOGIC CELL TAN,VIBOL BAUMGARTE,
ARRAY AND BUS IVOLKER
SYSTEM
_ Not [[20090210653| 161 ](02/19/2009|METHOD AND VICARY KEITH BAUMGARTE,
Issued DEVICE FOR OLKER
TREATING AND
PROCESSING DATA
|
http://palmapps.uspto.gov/cgi-bin/expo/Invinfo/invquery.p]?’FAM_NAM=BAUMGART... 11/22/2016
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R214590[[20100153654] 150 1109/30/2009|DATA PROCESSING [[THAL TUAN BAUMGARTE,
METHOD AND OLKER
DEVICE
8312331{[20100023796] 150 1j09/30/2009(|METHODS AND ELAMIN,ABDELMONIEM|BAUMGARTE,
DEVICES FOR IVOLKER
TREATING AND
PROCESSING DATA
Not [[20100281235([ 161 [[06/29/2010|[RECONFIGURABLE [[PETRANEK,JACOB BAUMGARTE,
Issued FLOATING-POINT IVOLKER
AND BIT-LEVEL
DATA PROCESSING
UNIT
#3]20120072699(f 150 [[11/04/2011)LOGIC CELL TAN,VIBOL BAUMGARTE,
ARRAY AND BUS IVOLKER
SYSTEM
Not [[20120151113(f 161 [[12/13/2011}|BUS SYSTEMS AND [[CLEARY , THOMAS BAUMGARTE,
Issued METHODS FOR IVOLKER
CONTROLLING
DATA FLOW IN A
FIELD OF
PROCESSING
ELEMENTS
241120120311301) 150  [j06/08/2012|[PIPELINE ELAMIN,ABDELMONIEM|BAUMGARTE,
CONFIGURATION IVOLKER
PROTOCOL AND
CONFIGURATION
UNIT
COMMUNICATION
B¢ 33([20130042137) 150 ||10/17/2012(|{METHODS AND ELAMIN,ABDELMONIEM|BAUMGARTE,
DEVICES FOR IVOLKER
TREATING AND
PROCESSING DATA
Not [[20140325175|[ 161 [[04/29/2013||PIPELINE ROSSITER,SEAN BAUMGARTE,
Issued CONFIGURATION IVOLKER
PROTOCOL AND
CONFIGURATION
UNIT
COMMUNICATION
103[[20140359254( 150 [[05/28/2013)|ILOGICAL CELL TAN,VIBOL BAUMGARTE,
ARRAY AND BUS IVOLKER
SYSTEM
20140208143) 71 |03/19/2014{Multiprocessor Having [ELAMIN, ABDELMONIEM|BAUMGARTE,
Runtime Adjustable IVOLKER
Clock and Clock
Dependent Power
Supply
8]20140310466([ 150 [[06/27/2014||Multi-processor bus MISIURA,BRIAN BAUMGARTE,
and cache IVOLKER
interconnection system
Not [[20150033000|[ 61 [[08/21/2014|{Parallel Processing MEHTA,JYOTI BAUMGARTE,
Issued Array of Arithmetic IVOLKER
Unit having a Barrier
Instruction
3120150026431 150 109/29/2014{|Method of Processing |INGUYEN,THAN BAUMGARTE,
Data with an Array of IVOLKER
Data Processors
According to
http://palmapps.uspto.gov/cgi-bin/expo/Invinfo/invquery.pl?’FAM_NAM=BAUMGART... 11/22/2016
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Application ID ||
2)|120150106596| 150 [|12/16/2014]{Data Processing THAIL TUAN BAUMGARTE,
System Having IVOLKER
Integrated Pipelined
Array Data Processor
§73[[20150261722) 150 [(05/21/2015|DATA PROCESSOR  [[TAN,VIBOL BAUMGARTE,
CHIP WITH IVOLKER
FLEXIBLE BUS
SYSTEM
9411332[[20150261474) 150 [[06/02/2015[[Methods and Systems [[SUN,MICHAEL BAUMGARTE,
for Transferring Data IVOLKER
between a Processing
Device and External
Devices
Not [[20160055120|| 61 ||10/27/2015]Integrated data THAIL TUAN BAUMGARTE,
Issued processing core and IVOLKER
array data processor
and method for
processing algorithms
Not [[20160154758|[ 51 [[02/08/2016|{Array Processor TAN,VIBOL BAUMGARTE,
Issued Having a Segmented IVOLKER
Bus System
Not 0 30 08/01/2016||Method of Transferring||SUN,MICHAEL BAUMGARTE,
Issued Data between External OLKER
Devices and an Array
Processor
Not 159 [|10/06/2000||Dataprocessor and s BAUMGARTE,
Issued applications OLKER
Inventor Search Completed: No Records to Display.
A Last Name First Name
Search Another: Inventor BAUMGARTE VOLKER
To Go BACK Use BACK Button on Your BROWSER Tool Bar
Back to PALM | ASSIGNMENT | $ASIS | Home page
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Inventor Name Search Result

Your Search was:

Last Name = VORBACH
First Name = MARTIN

Application#

PG Pub# |Status

Date Filed

Title

Examiner Name

Inventor

Page 1 of 7

Day : Tuesday
Date: 11/22/2016
Time: 11:45:08

Name

Patent#

M2 SO6R

150

10/08/1997

UNIT FOR
PROCESSING
NUMERICAL AND
LOGICAL
OPERATIONS FOR
USE IN CENTRAL
PROCESSING UNITS
(CPUS),
MULTIPROCESSOR
SYSTEMS, DATA -
FLOW PROCESSORS
(DSPS), SYSTOLIC
PROCESSORS AND
FIELD
PROGRAMMABLE
GATE ARRAYS
(FPGAS)

ELLIS,RICHARD

VORBACH,
MARTIN

Not
Issued

169

10/08/1997

INTERNAL BUS
SYSTEM FOR DFPS
AS WELL AS
MODULES HAVING
TWO OR MULTI
DIMENSIONAL
PROGRAMMABLE
CELL STRUCTURES
FOR MANAGING
LARGE QUNATITIES
OF DATA ENTAILING
A HIGH
NETWORKING
COMPLEXITY

VORBACH,
MARTIN

150

10/08/1997

METHOD OF THE
SELF-
SYNCHRONIZATION
OF CONFIGURABLE
ELEMENTS OF A
PROGRAMMABLE
UNIT

BUTLER,DENNIS

[VORBACH,
MARTIN

SO Y ADN)
SO 1430

150

10/08/1997

RUN-TIME
RECONFIGURATION
METHOD FOR
PROGRAMMABLE
UNITS

HECKLER,THOMAS

VORBACH,
MARTIN

150

http://palmapps.uspto.gov/cgi-bin/expo/Invinfo/invquery.pl?’FAM_NAM=VORBACH&...

10/08/1997

METHOD FOR THE
AUTOMATIC
ADDRESS
GENERATION OF
MODULES WITHIN

INGUYEN,THAN

[VORBACH,
MARTIN

11/22/2016
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CLUSTERS
COMPRISED OF A
PLURALITY OF
THESE MODULES

Page 2 of 7

150

10/08/1997

PROCESS FOR
AUTOMATIC
DYNAMIC
RELOADING OF
DATA-FLOW
PROCESSORS (DFPS)
AND UNITS WITH
TWO-OR THREE-
DIMENSIONAL
PROGRAMMABLE
CELL
ARCHITECTURES
(FPGAS, DPGAS AND
THE LIKE)

MALRIJUE

[VORBACH,
MARTIN

S1i1Q1a
1191310

150

10/08/1997

I/0 AND MEMORY
BUS SYSTEM FOR
DFPS AND UNITS
WITH TWO- OR
MULTI-
DIMENSIONAL
PROGRAMMABLE
CELL
ARCHITECTURES

RAY,GOPAL

VORBACH,
MARTIN

Not
Issued

168

12/30/1997

PROCESS FOR
AUTOMATIC
DYNAMIC
RELOADING OF
DATA FLOW
PROCESSORS (DFPS)
AND UNITS WITH
TWO- OR THREE-
DIMENSIONAL
PROGRAMMABLE
CELL
ARCHITECTURES
(FPGAS, DPGAS, AND
THE LIKE)

MALRIJUE

[VORBACH,
MARTIN

Guid4siae

150

08/28/1998

INTERNAL BUS
SYSTEM FOR DFPS
AND UNITS WITH
TWO-OR MULTI-
DIMENSIONAL
PROGRAMMABLE
CELL
ARCHITECTURES,
FOR MANAGING
LARGE VOLUMES OF
DATA WITH A HIGH
INTERCONNECTION
COMPLEXITY

VO, TIM

[VORBACH,
MARTIN

150

04/12/1999

DATA PROCESSING
SYSTEM

'WHITMORE,STACY

VORBACH,
MARTIN

150

06/09/1999

RUNTIME
CONFIGURABLE
ARITHMETIC AND
LOGIC CELL

ELLIS,RICHARD

[VORBACH,
MARTIN

http://palmapps.uspto.gov/cgi-bin/expo/Invinfo/invquery.pl?’FAM_NAM=VORBACH&...
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S338108

150

06/18/1999

I/0 AND MEMORY
BUS SYSTEM FOR
DFPS AND UNITS
WITH TWO OR
MULTI-
DIMENSIONAL
PROGRAMMABLE
CELL
ARCHITECTURES

RAY,GOPAL

Page 3 of 7

VORBACH,
MARTIN

150

08/06/1999

METHOD OF SELF-
SYNCHRONIZATION
OF CONFIGURABLE
ELEMENTS OF A
PROGRAMMABLE
MODULE

HECKLER,THOMAS

VORBACIH,
MARTIN

150

01/31/2000,

RUN-TIME
RECONFIGURATION
METHOD FOR
PROGRAMMABLE
UNITS

DOLLINGER,TONIA

VORBACH,
MARTIN

150

03/29/2000|METHOD OF SELF-

SYNCHRONIZATION
OF CONFIGURABLE
ELEMENTS OF A
PROGRAMMABLE
UNIT

BUTLER,DENNIS

VORBACIH,
MARTIN

150

06/21/2000|METHOD OF

REPAIRING
INTEGRATED
CIRCUITS

LAMARRE,GUY

VORBACH,
MARTIN

Guei3gi?

150

07/10/2000]

PROCESS FOR
AUTOMATIC
DYNAMIC
RELOADING OF
DATA FLOW
PROCESSORS (DFPS)
AND UNITS WITH
TWO-OR THREE-
DIMENSIONAL
PROGRAMMABLE
CELL
ARCHITECTURES
(FPGAS,DPGAS, AND
THE LIKE)

MALRIJURE

VORBACIH,
MARTIN

150

01/09/2001

METHOD FOR
HIERARCHICAL
CACHING OF
CONFIGURATION
DATA HAVING
DATAFLOW
PROCESSORS AND
MODULES HAVING
TWO-OR
MULTIDIMENSIONAL
PROGRAMMABLE
CELL STRUCTURE
(FPGAS, DPGS, ETC.)--

ELMORE,STEPHEN

VORBACH,
MARTIN

http://palmapps.uspto.gov/cgi-bin/expo/Invinfo/invquery.pl?’FAM_NAM=VORBACH&...

150

01/09/2001

METHOD FOR
DEADLOCK-FREE

KIK,PHALLAKA

VORBACH,
MARTIN

11/22/2016
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CONFIGURATION OF
DATAFLOW
PROCESSORS AND
MODULES WITH A
TWO-OR
MULTIDIMENSIONAL
PROGRAMMABLE
CELL STRUCTURE
(FPGAS, DPGAS,
ETC))

Page 4 of 7

771120020099888

150

07/25/2001

I/0 AND MEMORY
BUS SYSTEM FOR
DFPS AND UNITS
WITH TWO- OR
MULTI-
DIMENSIONAL
PROGRAMMABLE
CELL
ARCHITECTURES

RAY,GOPAL

[VORBACH,
MARTIN

20030046607

150

09/28/2001

METHOD FOR
DEBUGGING
RECONFIGURABLE
ARCHITECTURES

LE,DIEU MINH

VORBACH,
MARTIN

Not
Issued

20040015899

161

09/28/2001

Method for processing
data

RAMPURIA,SATISH

[VORBACH,
MARTIN

NPTV
UOUaTRAT

T
[ VS

9120030056202

150

09/28/2001

METHOD FOR
TRANSLATING
PROGRAMS FOR
RECONFIGURABLE
ARCHITECTURES

INGBERG,TODD

VORBACH,
MARTIN

150

05/29/2002

METHOD FOR
INTERLEAVING A
PROGRAM OVER A
PLURALITY OF
CELLS

DAO,THUY

[VORBACH,
MARTIN

OO
FULTOSET

20030135686

150

04/05/2002

INTERNAL BUS
SYSTEM FOR DFPS
AND UNITS WITH
TWO- OR MULTI-
DIMENSIONAL
PROGRAMMABLE
CELL
ARCHITECTURES,
FOR MANAGING
LARGE VOLUMES OF
DATA WITH A HIGH
INTERCONNECTION
COMPLEXITY

VO, TIM

VORBACH,
MARTIN

87]|20030056085

150

05/28/2002

RECONFIGURABLE
MULTIDIMENSIONAL
ARRAY PROCESSOR
ALLOWING
RUNTIME
RECONFIGURATION
OF SELECTED
INDIVIDUAL ARRAY
CELLS

ELLIS,RICHARD

[VORBACH,
MARTIN

38]120030074518

http://palmapps.uspto.gov/cgi-bin/expo/Invinfo/invquery.pl?’FAM_NAM=VORBACH&...

150

07/09/2002

METHOD OF
HIERARCHICAL
CACHING OF

ELMORE,STEPHEN

[VORBACH,
MARTIN

11/22/2016
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CONFIGURATION
DATA HAVING
DATAFLOW
PROCESSORS AND
MODULES HAVING
TWO-OR
MULTIDIMENSIONAL
PROGRAMMABLE
CELL STRUCTURE
(FPGAS, DPGAS,
ETC))

Page 5 of 7

17]120030093662

150

10/07/2002

PROCESS FOR
AUTOMATIC
DYNAMIC
RELOADING OF
DATA FLOW
PROCESSORS (DFPS)
AND UNITS WITH
TWO- OR THREE-
DIMENSIONAL
PROGRAMMABLE
CELL
ARCHITECTURES
(FPGAS, DPGAS, AND
THE LIKE)

KNAPP,JUSTIN

VORBACI,
MARTIN

531120040025005

150

06/19/2003

PIPELINE
CONFIGURATION
UNIT PROTOCOLS
AND
COMMUNICATION

ELAMIN,ABDELMONIEM

VORBACI,
MARTIN

183¢120030097513

150

11/26/2002

L/O AND MEMORY
BUS SYSTEM FOR
DFPS AND UNITS
WITH TWO- OR
MULTI-
DIMENSIONAL
PROGRAMMABLE
CELL
ARCHITECTURES

RAY,GOPAL

VORBACH,
MARTIN

32][20040052130

150

02/24/2003

METHOD OF SELF-
SYNCHRONIZATION
OF CONFIGURABLE
ELEMENTS OF A
PROGRAMMABLE
UNIT

BUTLER,DENNIS

VORBACIH,
MARTIN

16{[20040083399

150

03/04/2003

METHOD OF SELF-
SYNCHRONIZATION
OF CONFIGURABLE
ELEMENTS OF A
PROGRAMMABLE
MODULE

'YANCHUS IILPAUL

VORBACH,
MARTIN

34(120040128474

150

01/20/2004;

LOGIC CELL ARRAY
AND BUS SYSTEM

TAN,VIBOL

VORBACIH,
MARTIN

1][20050066213

150

09/21/2004

METHODS AND
DEVICES FOR
TREATING AND
PROCESSING DATA

ELAMIN,ABDELMONIEM

VORBACH,
MARTIN

Not
Issued

20070299993

161

02/17/2005

Method and Device for
Treating and Processing
Data

MAMO,ELIAS

VORBACI,
MARTIN

http://palmapps.uspto.gov/cgi-bin/expo/Invinfo/invquery.pl?’FAM_NAM=VORBACH&...
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7820050086462 150 [110/29/2004|METHODS AND INGUYEN,THAN 'VORBACH,
DEVICES FOR MARTIN
TREATING AND/OR
PROCESSING DATA
77|(20040243984(f 150 (|06/18/2004(METHOD FOR BROPHY MATTHEW 'VORBACH,
PROCESSING DATA MARTIN
27]120050086649| 150 09/20/2004fMETHOD FOR THE DAO,THUY 'VORBACH,
TRANSLATION OF MARTIN
PROGRAMS FOR
RECONFIGURABLE
ARCHITECTURES
22[[20040249880(| 150 08/05/2004|PARALLEL TASK KIM,KENNETH 'VORBACH,
OPERATION IN MARTIN
PROCESSOR AND
RECONFIGURABLE
COPROCESSOR
CONFIGURED BASED
ON INFORMATION IN
LINK LIST
INCLUDING
TERMINATION
INFORMATION FOR
SYNCHRONIZATION
25[[20050022062f 150  [[08/25/2004|METHOD FOR CONTINO,PAUL 'VORBACH,
DEBUGGING MARTIN
RECONFIGURABLE
ARCHITECTURES
121))20050053056| 150 |{11/02/2004|ROUTER LIN,SUN 'VORBACH,
MARTIN
1490081 (I8 33[|20060245225|[ 150 |111/29/2004DEVICE INCLUDING ([FENNEMA ROBERT 'VORBACH,
A FIELD HAVING MARTIN
FUNCTION CELLS
AND INFORMATION
PROVIDING CELLS
CONTROLLED BY
THE FUNCTION
CELLS
(32[[20060090062 150  (08/26/2005[RECONFIGURABLE  ||[VICARY,KEITH 'VORBACH,
GENERAL PURPOSE MARTIN
PROCESSOR HAVING
TIME RESTRICTED
CONFIGURATIONS
Not  [[20050132344( 161 [[03/01/2005||Method of compilation ||[LOUIE,JUE VORBACH,
Issued MARTIN
R1270¢1{[20070150637[( 150 (07/14/2006(BUS SYSTEMS AND  ||CLEARY,THOMAS 'VORBACH,
RECONFIGURATION MARTIN
METHODS
Not ||20060075211] 161 [|06/20/2005[[Method and device for [|[GIROUX,GEORGE 'VORBACH,
Issued data processing MARTIN
& 51]120060248317) 150  [|11/22/2005(METHOD AND DINH,PAUL 'VORBACH,
DEVICE FOR MARTIN
PROCESSING DATA
38254[[20070050603( 150  (108/02/2005(DATA PROCESSING  ||THALTUAN 'VORBACH,
METHOD AND MARTIN
DEVICE
34[120060192586|[ 150 [01/09/2006[RECONFIGURABLE  [[LE,DON 'VORBACH,
SEQUENCER MARTIN
STRUCTURE
http://palmapps.uspto.gov/cgi-bin/expo/Invinfo/invquery.pl?’FAM_NAM=VORBACH&... 11/22/2016
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Last Name First Name

Search Another: Inventor NORBACH ATV

Not
Issued

20070011433“ 161 “08/28/2006

Method and device for ||[VICARY,KEITH 'VORBACH,
data processing MARTIN
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Search History Transcript Page 1 of 3

WEST Search History

DATE: Tuesday, November 22,2016

Hide? & uer ililtnt
DB=PGPB,USPT; PLUR=YES,; OP=ADJ
{1 L70 L66andI8 11
...... L69 L66 and 121 45
i1 L68 L66and 157 )
{1 L67 L66and159 65
i1 L66 L65orl54orl63 19357
.t L65 ((GO6F1/32).0PCR.) 13643
i1 Le4 ((713/3%2).CCLS.) 22345
\\\\\\ L63 (( GO6F1/206 | GO6F1/324 | GO6F1/3296 | Y02B60/1217 | Y02B60/1285).CPC.) 8837
T3 L62 20140208143 1
,,,,, L61 L59.ti,ab,clm. 57
i1 L60 L59 with temperature 4
U L39 multi$1process$4 With ((clock or frequency) near5 (adjust$4 or modif$7 or 152
chang$4 or dynamic$5))
_____ L57 L50 same (clock or frequency) 69
“““ L55 L50 with (clock or frequency) 27
i1 L50 multi$1process$4 with pip$ 2243
1 L49 11 and function$5 1
iy L48 11 and core 0
i1 L47 11 and parallel 1
\\\\\ L46 6895520.pn. and (task) 1
i1 L45 6895520.pn. and (priority or import$7 or critical) 1
1 L44 6895520.pn. and (alu) 1
vvvv L43 6895520.pn. and (pipe$7 or sequen$7) 1
i1 L42 6895520.pn. and ((clock or frequency) with voltage) 1
L39 6609209.pn. and (voltage) 1
\\\\ L37 6609209.pn. and process$4 1
i1 L35 20140208143 and run$2time 1
i1 L31 6609209.pn. and (clock or frequency) 1
L30 6611920.pn. and (clock or frequency) 1
4 L29 L28 and (clock or frequency) 1
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i L28 6651176.pn. 1
{1 L27 125 and (sensor)
L26 125 and (temp$7 or heat$4 or overheat$5 or hot) 6
L25 (6611920 | 20020069348 | 6651176 | 6317839 | 6851068 | 6247134 | 5452434 | 13
6609209 | 5799199 | 6233690 | 20020188828 | 5987620 | 20020104032)![PN]
1 L24 ("7076681")[PN] 1
‘‘‘‘‘‘ L23 7,076,681.pn. 1
...... 122 ((adjust$4 or modif$7 or chang$4) near3 (independent$4 or selectiv$5)) with 1

(process$4 near3 (sequn$7 or pipe$lline))
L21 L10 and (process$4 near3 (sequn$7 or pipe$lline)) 130

{1 L20 L10 same (process$4 near3 (sequn$7 or pipe$lline))

i1 L19 L17 and sequen$7

L17 7444531 .pn.

L15 6895520.pn. and (pipe$7 or sequen$7)

L14 113 and 110

(7482792 | 6867502 | 5734808 | 20020083354 | 6141762 | 6342795 | 20070033425
| 6647502 | 20080229128 | 20020184547 | 6079017 | 7337334 | 5502838 |
6611920 | 7598630 | 8037445 | RE36839 | 7523336 | 7181631 | 8044697 |
7284137 | 20100011233 | 20080082839 | 6693412 | 7062933 | 4893227 | 6864600
6820209 | 20050223251 | 7206954 | 20070023878 | 7698576 | 20050162188 |
4588903 | 20060288246 | 20020109413 | 20080028244 | 20030210247 |
20070043964 | 6940163 | 7076681 | 7681054 | 20060174149 | 20040123170 |
5781783 | 6802014 | 7034344 | 20060053326 | 7685445 | 7032117 | 20060282692
| 7194643 | 7406588 | 7647452 | 20040088519 | 20060117192 | 6150724 |
6938176 | 7664971 | 6021506 | 7366926 | 20020152407 | 6434704 | 20090099705
120060218424 | 20050040810 | 6788035 | 20050046400 | 7555664 | 5768213 |
20050210905 | 7026797 | 6577535 | 5677849 | 6600296 | 20030122429 |
20030131268 | 20040117678 | 20030210274 | 7383449 | 7913064 | 7395440 |
20030126477 | 7051306 | 5951689 | 7313706 | 20050289367 | 5913068 |
20110296208 | 7178044 | 20070192638 | 6895520 | 7110266 | 7263457 | 6452247
5392437 | 20030135768 | 7218085 | 6247134 | 6983389 | 7363522 | 6804632 |
6954210 | 7536597 | 20080028236 | 20090313489 | 5585745 | 6625740 | 6393579
| 7126798 | 20070198863 | 20060149974 | 6812565 | 20050154931 | 6727118 |
20060020838 | 7275168 | 7275164 | 6822481 | 6754086 | 20070271473 | 6803805
| 6915438 | 20040158750 | 7202648 | 6873136 | 7568115 | 20080136397 |
20060085660 | 6424128 | 20060006432 | 20050289365 | 20040019814 | 7600145 |
20060288241)![PN]

i1 L12 ("9021279" | "9021279" | "7797561" | "9021279" | "7797561")[PN] 2
“““ L11 L10 with (process$4 near3 (sequn$7 or pipe$lline)) 4

((clock or frequency) near5 (adjust$4 or modif$7 or chang$4)) near3 9000
(independent$4 or selectiv$s)

L9 L8 and temperature 29
L8 L6 with ((clock or frequency) near5 (adjust$4 or modif$7 or chang$4)) 114
.1 L7 L6 with (clock or frequency) with temperature 1

.....

\\\\\\

0 = = = N

H
......

‘‘‘‘‘

135

H
\\\\\

\\\\\\

\\\\\\
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L6
TLs
L4
L1

\\\\

pipe$11in$4 near3 process$4
20140208143 and sequen$7
5502838.pn. and ser$7
5502838.pn.

END OF SEARCH HISTORY
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450

or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
apé)ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unlef:ss corrfected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

73481 R _75 90 12/02/2016 I hereby certify that this Fee(s) Transmittal is being deposited with the United
l1acense Limite tates Postal Service with sufficient postage for first class mail in an envelope
All Limited LL.C States Postal Service with suffici for first cl il i 1
2310 H tead Rd addressed to the Mail Stop ISSUE FEE address above, or being facsimile
c (;)mes ca transmitted to the USPTO (571) 273-2885, on the date indicated below.
#C1-505

(Depositor's name)

Los Altos, CA 94024-7339

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
14/219.945 03/19/2014 Martin VORBACH PACT-025-PCT-US-D1-2C1-D1 7671
TITLE OF INVENTION: Multiprocessor Having Runtime Adjustable Clock and Clock Dependent Power Supply
I APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 $0 $960 03/02/2017

I EXAMINER | ART UNIT | CLASS-SUBCLASS |
ELAMIN, ABDELMONIEM I 2116 713-322000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). . 1 Edward P Heller III
(1) The names of up to 3 registered patent attorneys
a Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. . . . 2
(2) The name of a single firm (having as a member a
(] "Fee Address"” indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
PACT XPP TECHNOLOGIES AG MUNICH (DE)

Please check the appropriate assignee category or categories (will not be printed on the patent) : [ Individual Corporation or other private group entity [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
A Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies (1 The director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)

| Applicant certifying micro entity status. See 37 CFR 1.29 NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.

| Applicant asserting small entity status. See 37 CFR 1.27 NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

| Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

entity status, as applicable.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signaure / Edward P Heller III/ Date 12/06/2016
Typed or printed name Edward P Heller TIT Registration No. 29 r 075
Page 2 of 3
PTOL-85 Part B (10-13) Approved for use through 10/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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Electronic Patent Application Fee Transmittal

Application Number:

14219945

Filing Date:

19-Mar-2014

Title of Invention:

Multiprocessor Having Runtime Adjustable Clock and Clock Dependent
Power Supply

First Named Inventor/Applicant Name:

Martin VORBACH

Filer:

Edward Peter Heller

Attorney Docket Number:

PACT-025-PCT-US-D1-2C1-D1

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description Fee Code Quantity Amount SUB—JS:;)I in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
UTILITY APPL ISSUE FEE 1501 1 960 960
INTEL - 1008
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.. . Sub-Total in
Description Fee Code Quantity Amount USD($)
Extension-of-Time:
Miscellaneous:
Total in USD ($) 960
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Electronic Acknowledgement Receipt

EFS ID: 27712603
Application Number: 14219945
International Application Number:
Confirmation Number: 7671

Title of Invention:

Multiprocessor Having Runtime Adjustable Clock and Clock Dependent
Power Supply

First Named Inventor/Applicant Name:

Martin VORBACH

Customer Number:

73481

Filer:

Edward Peter Heller

Filer Authorized By:

Attorney Docket Number:

PACT-025-PCT-US-D1-2C1-D1

Receipt Date: 06-DEC-2016
Filing Date: 19-MAR-2014
Time Stamp: 17:13:03

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $960

RAM confirmation Number

120716INTEFSW17152900

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (if appl.)

85233

1 Issue Fee Payment (PTO-85B) PAGD(iZSI;ELiFLeE;?c;f 2C1- no 1

bdb11b0eSda29be05aea3656af2bd3dead
964908

Warnings:

Information:

30641
2 Fee Worksheet (SB06) fee-info.pdf no 2
46f2628fe6b3bab1c971c62eb026112987c3
22da
Warnings:
Information:
Total Files Size (in bytes){ 115874

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK QFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address; COMMISSIONER FOR PATENTS

P.0. Box 1450

Alexandria, Virginia 22313-1450
Www.usplo.gov

L APPLICATION NO. I FILING DATE | FIRST NAMED INVENTOR IATTORNEY DOCKET NO,| CONFIRMATION NO. l
14/219,945 03/19/2014 Martin VORBACH PACT-025-PCT-US-D1-2C1-D1 7671
7590 12/16/2016 I EXAMINER l
Alliacense Limited LLC ELAMIN, ABDELMONIEM !
2310 ITomestead Rd
% C1-505 ( ART UNIT [ papernUMBER |
Los Altos, CA 94024-7339 2116
I NOTIFICATION DATE I DELIVERY MODE ]
12/16/2016 ELECTRONIC

NOTICE REQUIRING INVENTOR’S OATH OR DECLARATION

O An inventor’s oath or declaration in compliance with 37 CFR 1.63 or substitute statement in compliance with 37 CFR 1.64
executed by or with respect to each inventor has not yet been submitted.

The inventor’s oath or declaration or substitute statement dated is defective. The inventor’s oath or declaration
does not comply with 37 CFR 1.63 or the substitute statement does not comply with 37 CFR 1.64 because it:

0 does not include a statement that the person executing the oath or declaration or substitute statement believes the named
inventor or joint inventor to be the original inventor or an original joint inventor of a claimed invention in the application for
which the oath or declaration is being submitted.

O does not state that the application was made or was authorized to be made by the person executing the oath or declaration or
substitute statement.

0 does not acknowledge that any willful false statement made in such oath or declaration or substitute statement is punishable
under section 1001 of title 18 by fine or imprisonment of not more than § years, or both.

0 does not identify the person executing the oath or declaration or substitute statement by his or her legal name.
O does not identify the application to which the oath or declaration or substitute statement is directed.
Q Other:

The substitute statement dated 3{& @ 1 does not comply with 37 CFR 1.64 because it:
0 does not identify the inventor with respect to whom the statement applies.
O does not identify the relationship to the non-signing inventor,
O does not identify the circumstances permitting execution of the statement.
,Bf was signed by someone other than the applicant.
Q Other:

An oath or declaration in compliance with 37 CFR 1.63, or a substitute statement in compliance with 37 CFR 1.64, executed
by or with respect to each inventor MUST be filed no later than the date on which the issue fee is paid. See 35 U.S.C.
115(f). Failure to timely comply will result in ABANDONMENT of this application. This period for reply is not extendable
under 37 CFR 1.136(a).

Questions relating to this Notice should be directed to the Application Assistance Unit at 571-272-4200.

(571)-272-4200 or 1(888)-786-0101
Patent Publication Branch
Office of Data Management
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SN UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 223131450

WWW.uSpLO.gov

l APPLICATION NO. FILING DATE , FIRST NAMED INVENTOR IA’I’I"ORNEY DOCKET NO.| CONFIRMATION NO. ]
14/219,945 03/19/2014 Martin VORBACH PACT-025-PCT-US-D1-2C1-D1 7671
I EXAMINER |
7590 1212772016
Alliacense Limited LLC ELAMIN, ABDELMONIEM |
2310 Homestead Rd
4C1-505 I ART UNIT | PAPER NUMBER I
Los Altos, CA 94024-7339 2116
I NOTIFICATION DATE l DELIVERY MODE I
127272016 ELECTRONIC

Letter Withdrawing a Notice Requiring Inventor’s Oath or Declaration

The Notice Requiring Inventor’s Oath or Declaration mailed on 19-/t-/L was sent in error, and is
hereby withdrawn. The time period set forth in the Notice of Allowance and Fee(s) Due to file a reply and
pay the required fees continues to run from the mailing date of the Notice of Allowance and Fee(s) Due.
Any time period set forth in the Notice of Allowability continues to run from the mailing date of the
Notice of Allowability.

Questions relating to this Notice should be directed to the Application Assistance Unit at 571-272-4200.

M oo ("
ey G20t
(571)-272-4200 or 1(888)-786-0101

Patent Publication Branch

Office of Data Management
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Doc code: IDS
Doc description: Information Disclosure Statement (IDS) Filed

PTO/SB/08a (01-10)

Approved for use through 07/31/2012. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Number 14219945
Filing Date 2014-03-19
INFORMATION DISCLOSURE First Named Inventor ‘ Martin Vorbach
STATEMENT BY APPLICANT 2110
( Not for submission under 37 CFR 1.99)
Examiner Name ‘ ELAMIN, ABDELMONIEM |
Attorney Docket Number | PACT-025-PCT-US-D1-2C1-D1
ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /AE/
U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages,Columns, Lines where
AV Patent Number Issue Date . Relevant Passages or Relevant
Initial No Codet of cited Document )
Figures Appear
1 USS47846~ A 1969-10-14 Wahlstrom et al.
C[’vangc(s) aFPIicd 3.47%,160
tq dlocumcnt,
/CCB/
12/16/2016 2 USS55166 A 1970-09-29 Spandorfer et al.
5,551,662
3 4020469 1977-04-26 Manning
4 4642487 1987-02-10 Carter
5 4700187 1987-10-13 Furtek
6 4706216 1987-11-10 Carter
7 4722084 1988-01-26 Morton
8 4724307 1988-02-09 Dutton et al.

EFS Web 2.1.17

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /AE/
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
14/219,945 01/24/2017 9552047 PACT-025-PCT-US-D1-2C1-D1 7671
73481 7590 01/04/2017
Alliacense Limited LL.C
2310 Homestead Rd
#C1-505

Los Altos, CA 94024-7339

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 52 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site hitp://pair.uspto.gov for additional applicants):

PACT XPP TECHNOLOGIES AG, Munich, GERMANY:;
Martin VORBACH, Munchen, GERMANY;
Volker BAUMGARTE, Munchen, GERMANY;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)
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