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Abstract

A processor system includes a plurality of processalong with a target device, e.g., a
memory, having two or more ports, and an arbitat #nbitrates access requests from
requesting processors. A multiplexer facilitates flow of control, address and data
information over a shared bus. The number of psmssequesting access may be
greater than the number of target ports. Each gpemcecan issue a request for access to
communicate with a target port at any time by adagtion, such as a data read or write.
The arbiter may simultaneously grant access toasymequesting processors up to the
number of target ports. The arbiter dynamically artatrarily allocates each target port
to a requesting processor at the time of the rédaeaccess, which may occur within
each system clock cycle, and each access maylashé or more clock cycles. The data
transfer for each processor granted access mawntitted through the target port and
through the multiplexer. Depending on the arbitratmethod chosen, the arbiter may or
may not grant equal access to all requestersgeaarthiter may or may not give equal
priority to one or more requestors. By allocatihg ports of a multi-port target to service
the simultaneous requests of multiple processaifsedime of the requests, the utilization
of the target ports by the processors may be isekand the time the requesting
processors spend waiting to access the target pagde reduced, an overall benefit
being a greater utilization of access time to higtdmanded device resources within the
system.
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Claims

1. A processor system, comprising: a target dewitde at least N number of ports; at
least M number of processor devices that can eatiate a request for a transaction with
the target device through one of the N number ofspand at least N number of arbiter
devices, each one of the N number of arbiter devibegng dedicated to a corresponding
each one of the N number of ports on the targetcdeeach one of the N number of
arbiter devices allowing each one of the correspan number of ports on the target
device to be accessed by each one of the M nunfipgocessor devices.

2. The processor system of claim 1, where N edyals

3. The processor system of claim 1, where N ecuals

4. The processor system of claim 1, where M eqhat¢=e.

5. The processor system of claim 1, where M igas$tl one number larger than N.

6. The processing system of claim 1, where thestatgvice comprises a data storage
device.

7. The processing system of claim 1, where thestatgvice comprises a device from the
group comprising a data storage device, a datartrssion device, a data reception
device, a data transformation device, a bridgafoimterconnection device, and a
controller for an interconnection device.

8. The processing system of claim 1, where N iatgrehan one, and where the N
number of arbiter devices allow each one of theuvhber of processor devices to
simultaneous access each one of N number of portiseotarget device.

9. A processor system, comprising: a target dewitie at least N number of ports; at
least M number of processor devices that can eatate a request for a transaction with
the target device through one of the N number ofspand an arbiter device that
allocates one of the N number of ports of the tadgeice to a transaction requested of
the target device by one of the M number of pramedsvices, where the arbiter device



simultaneously allocates a number of the at leastitdber of ports of the target device to
the same number of the at least M number of procetsvices that initiate a request for
a transaction with the target device such that e/aémost the same number of
processors are initiating a request for accesseatha number of the ports on the target
then all of the processors gain access to the pegtrdless of which combination of the
processors are initiating a request for access.

10. The processor system of claim 9, where N eduals

11. The processor system of claim 9, where N edials

12. The processor system of claim 9, where M eqhat=.

13. The processor system of claim 9, where M Isadt one number larger than N.

14. The processing system of claim 9, where thgetatevice includes a data storage
function.

15. The processing system of claim 9, where thgetatevice comprises a device from
the group comprising a data storage device, atdatamission device, a data reception
device, a data transformation device, a bridgafomterconnection device, and a
controller for an interconnection device.

16. The system of claim 9, where the arbiter dealtmcates at least one of the N number
of target ports for data transfers requested ofdiget by at least one of the M number of
processor devices using a round-robin order.

17. The system of claim 9, where the arbiter dealtmcates at least one of the N number
of target ports for data transfers requested ofdiget by at least one of the M number of
processor devices using a priority order.

18. A processor system, comprising: a target dewitle at least two ports; at least three
processor devices that can each initiate a redoreattransaction with the target device
through one of the two ports of the target devase] an arbiter device that allocates one
of the two ports of the target device to a traneaatequested of the target device by one
of the three processor devices, where the arbieicd allocates a number of the at least
two ports of the target device to the same numbd#reoat least three processor devices
that initiate a request for a transaction withtdrget device.

19. The processor system of claim 18, where tlygetatevice comprises a memory.
20. The processor system of claim 18, where thigeardbevice simultaneously allocates a

number of the ports of the target device to a gpowading number of the processor
devices when at least two transactions are reqliestie target device.

Description



BACKGROUND OF THE INVENTION

[0001] This invention relates in general to thédfief processing devices, and in
particular to a processor system that allows fousianeous access by multiple
processors to a target memory-mapped peripheradelbaving multiple ports.

[0002] Only recently have advances in materialenetogy and processor architectures
made it possible to realize a multiple-processetesy architecture on a single integrated
circuit or chip. In modern multiple-processor ("riidrocessor") systems, each processor
may also be referred to as a "master” and eaclegsoc may share a bus which allows
for shared access with the various one or morgétaperipheral devices. This applies to
both multiple processors on a single chip and mlelfprocessors distributed across a
plurality of chips, with one or more processors gap.

[0003] The term "processor" may generally be urtderbto refer to a device that has
one or more register files, one or more arithmleggc units and/or non-arithmetic logic
units, and an interface to a shared bus, crossbahsor some other type of
interconnection device or data switching fabriceTérm "master” may be understood to
refer to any type of device, such as a processbiMA controller, that can initiate a
transaction on a bus, a "transaction” being undedsto refer to any type of
communication of data between devices, such agdaaewrite of data between a
processor and a target memory device. A transasegoence may typically comprise an
initiator device, such as a master, requesting {sfon from an arbiter to access a target
device, eventually being granted access permisaiwhthen accessing the target device
through a port to perform the desired communicatfonommon example may be one of
the processors on a multi-processor chip writing da several memory locations in an
SRAM memory after requesting access to a port®@RAM and being granted access
to that port by an arbiter.

[0004] Many types of target peripheral devices hasingle port, common examples of
which are various memory devices such as ROM, SRANIDRAM. Other types of
targets may include without limitation direct memaccess ("DMA") devices, buffers
(e.g., FIFQO's), various input/output devices, aicewith registers, or some other type of
functional device. Note that a DMA controller mdgabe considered to be a processor
or master. A "target" may be understood to refeartp device that has at least one
address which may be accessible by a master cormatung over a bus. A multiple port
target may be one that can be accessed simultdgebrmigh the multiple ports on the
target by as many initiator devices as the targstgorts. A target may not necessarily be
a device that is limited to one having a data gf@rfanction such as a memory. A target
may instead be understood in a broader contexictade for example a serial port that
may have data transmitting and receiving functibypaind no data storage functionality.

[0005] In the case of a target with a single pantarbiter is usually required to resolve



contention issues if multiple initiator devices B&s processors simultaneously request
access to the single port of the target. The &toti' or "initiator device" typically
requests permission via the arbiter to access amaintinicate with the target port, such
as through read or write operations. Thus, a "retgueor "requesting device" may be
understood to refer to an initiator or initiatovaee that is requesting permission to
access a target device. Further, an "arbiter" neayrtalerstood to refer to a device that
grants permission to a requestor to access a targath a way that no conflicts with
other requesters and/or targets result. The aniégrutilize one or more of many
different procedures for arbitrating access totéinget ports by the plurality of
requestors.

[0006] However, a target device with a single @ortl an associated arbiter in a multiple
requester environment limits the rate of accesgdbhdrequesters to one requester at a
time. This usually requires some requesters to fwaiindesirably long periods of time
before they are granted access to the single pdfietarget device.

[0007] Processing systems with a target devicertggtiwio or more ports may often
connect each port to a different bus for accessblyiple requesters. Here, each bus may
or may not have an arbiter to arbitrate betweemtbkiple requestors. However, a
system with a different bus connected to each taoget usually means that for multiple
requesters on one of the busses the rate of aso@sdkat bus may be limited to one
requestor at a time, even if another one of thgetgoorts connected to another bus is
unused during that time.

[0008] However, none of these approaches allowhertarget ports to be dynamically
and simultaneously allocated to the masters dirtieof the access requests.

[0009] What is needed is a system arrangement &fpileuprocessors, a multiple port
peripheral device and an arbiter that allows foridianeous and arbitrary access by a
multiple of the requesting processors to the miglfgorts on a single target.

SUMMARY OF THE INVENTION

[0010] A processor system includes a plurality adtiple of processors along with a
target device, for example a memory device, hatiwggor more ports to allow access to
within the target device, for example by a process@ccess a port to read data from one
or more memory locations within the target. Thgeéaidevice may allow for
simultaneous and arbitrary access by the procetsaitkor less than all of the target
ports, depending on the number of processors réggesccess to the target at any one
time. The system may also include an arbiter detiaemay arbitrate the requests for
access by the multiple of processors to the melfgalrts on the target device and may
ultimately grant such access depending on one afympassible arbitration procedures.
In one embodiment, a separate arbiter is providegdch port, while in another
embodiment a single arbiter is provided for alltpoA multiplexer may be included that
facilitates the flow of control and data informatiover one or more shared busses that
may connect the processors, target and arbitersh@ieed bus may be a crossbar switch,



a data switching fabric or some type of intercotimecdevice that allows multiple
simultaneous transactions.

[0011] In use, the number of processors requesiitgss may be greater than the
number of ports on the target device. Each procesay be an initiator device that can
issue a request for access to communicate withatiget through one of its ports at any
time by a transaction, such as a read or writeatd dperation. The arbiter may receive
all incoming requests from the processors and mat@ccess to as many requesters as
are issuing requests up to but not exceeding th#euof ports on the target device.

[0012] Thus, the arbiter dynamically allocates tirgyet ports to the corresponding
requesting processors at the time of the requesicitess. This may occur within each
system clock cycle, and each access typically fastsne clock cycle, although an
access can last for more than one clock cycle.

[0013] The data transfer for each requestor thgtagted access at any time may be
transmitted through one of the target ports anoluin the multiplexer that is dedicated
or associated with that port. Depending on thetiation method chosen, the arbiter may
or may not grant equal access to all requestetbeaarbiter may or may not give equal
priority to one or more requestors.

[0014] The processor system may be utilized asgesywith requestors accessing
targets with a multiple of ports that are capalblsimultaneously handling a
corresponding multiple of requests. This includesi not limited to ASIC, ASSP,
structured ASIC, FPGA and system-on-chip devicehl wmiulti-layered busses, crossbar
switches, or interconnection fabrics.

[0015] Multiple processors on a crossbar switcha gavitching fabric or other
interconnection between devices can simultaneoesiyest access to a single target. The
system allows that for as many ports as the talg@te has, that same number of
processors, or a smaller number of processors bma@yanted simultaneous access to
those target ports. In one embodiment, that agoegsbe arbitrary. The system may for
example be a multi-processor system accessingahasd-port SRAM memory.

[0016] By allocating the ports of a multi-port tatglevice to service the requests of
multiple initiators or requestors at the time af gimultaneous requests, the utilization of
the target ports and thus the target devices tHeasby the processors may be
increased. As a result, the time that the requggtincessors wait for access to the target
ports as a result of contention between multipleutianeous requests may be reduced,
an overall benefit being a better utilization ohdable bandwidth to frequently requested
target devices.

[0017] These and other objects, features and adgasatof the present invention will
become more apparent in light of the following dethdescription of preferred
embodiments thereof, as illustrated in the accowyipgrdrawings.



BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is a block diagram of an embodimera processor system that allows for
simultaneous access by a multiple of processaaganget peripheral device having a
multiple of ports; and

[0019] FIG. 2 is a block diagram and alternativebediment of the processor system of
FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

[0020] Referring to FIG. 1, an embodiment of a gssor system 10 may include three
separate processors 12, 14, 16, labeled "PROCE®SOUORROCESSOR 1", and
"PROCESSOR 2", respectively. The system may aldodie a target device 18 having
two ports, a first port 20 labeled "PORT 0" anceamd port 22 labeled "PORT 1". The
ports 20, 22 may have different addresses suchittbaiorts 20, 22 are separately
addressable. The target device 18 may comprisgeadfymemory, such as a two-port
SRAM. As such, the ports 20, 22 may be thoughsdeparate windows allowing access
to the large number of data storage locations withe memory device 18. As described
hereinbefore, however, the target device 18 mayay not comprise one with a data
storage function. Instead, the target device 18 coayprise without limitation a data
transmission or reception device, a data transfoomalevice, or a bridge or controller
for an interconnection network.

[0021] The system 10 may also include a pair oftarland multiplexer circuit
arrangements 24, 26 ("arbiter/mux"). Each arbitaxmircuit 24, 26 may have its own
separate address such that the circuits 24, 26cparately addressable by the processors
12-16. In this embodiment, each arbiter/mux cir@dit 26 may be dedicated to a port on
the target device 18 such that when a processdbls&lects a particular arbiter/mux
circuit 24, 26 the processor is also selectingréiqudar port 20, 22 on the target device
18.

[0022] A data switching fabric is included in thestkem 10, such as a bus that connects
the various control, address and data signal lie¢éseen the processors 12-16, target 18
and arbiter/mux circuits 24, 26.

[0023] All of these components may be embodiedsimgle integrated circuit or chip, or
they may be embodied in more than one chip wittagecomponents on one chip and
other components on one or more other chips.

[0024] In operation, a processor 12-16 may desiiaitiate a transaction with the target
device 18, such as a data communication in the tdraread data or write data
operation. For example, the first processor 12 (ERSSOR 0) may initiate a transaction
by issuing an address word comprising for exantpléyttwo bits on a control bus 28,

the bus 28 having a plurality of control lines neEnnecting the processor 12 and the two
arbiter/mux circuits 24, 26. The control bus 28 riregjude one or more additional signal



lines that control for example whether the desiradsaction is a read data or write data
operation. Also, the control bus 28 may contaimaidines that indicate for example
whether a request to an arbiter/mux 24, 26 to adtestarget device 18 had been granted
or if instead the processor 12 must waif for actedse granted because the desired port
20, 22 is currently in use. The upper bits of tdrass word on the control bus 28 may
specify the address of the particular arbiter/musudt 24, 26 as between the two circuits
24, 26 in FIG. 1. The lower bits of the addressdvam the control bus 28 may specify

the particular data location within the target meyraevice 18 that is to be accessed for
the data read or write operation.

[0025] In this example, the first processor 12 rdagire to write data to one or more
locations within the memory device 18. To do se,filst processor 12 may address the
first arbiter/mux circuit 24 to gain access to fingt port 20. When the first processor 12
is granted access by the arbiter/mux circuit 2éhéofirst port 20, the first processor 12
may send the data to be written on a data bus 8@etarbiter/mux circuit 24 which may
pass the data on to the first port 20 for the wyitbf the data in the target memory device
18 at the desired locations.

[0026] In this same example, at the same timeadirst processor 12 is requesting
access to the first arbiter/mux circuit 24 and esponding first port 20 for a transaction,
the second and third processors 14, 16 may bothedsscess to the second arbiter/mux
circuit 26 to access the second port 22 of theetargemory device 18 for a particular
transaction. As such; a contention condition walwexist between the second processor
14 and the third processor 16 for the right to ast¢he second port 22. The second
arbiter/mux circuit 26 that corresponds to the selqoort 22 will arbitrate the contention
and select between the second and third proce$4pfs to allow one of these
processors 14, 16 to access the second port #slambodiment, the need to arbitrate
between the second and third processors 14, l&cta@ss to the second port would exist
even if the first processor 12 was not requestoggss to the first port 20. Thus, in this
situation the first port 20 may sit idle and notameessed while the second port 22 is
being accessed by either of the second and thorcepsors 14, 16. However, this is not
the case with the second embodiment of the procegstem 10 of FIG. 2, as described
hereinafter.

[0027] Thus, at the same time the first proces&as hccessing the first port 20 via the
first arbiter/mux circuit 24, one of the second #émdd processors 14, 16 will have
simultaneous access to the second port 22 vieettend arbiter/mux circuit 26. When
one of the second or third processors 14, 16 haplebed its access of the second port
22, then the other one of the second and thirdgssmrs 14, 16 may then be granted
access to the second port 22 via the second dnbitercircuit 26.

[0028] The arbiter/mux circuits 24, 26 may utilaey procedure for arbitrating between
at least two of the processors 12-16 to determimetwone of the processors 12-16 will
be granted access to a port 20, 22. Dependingepartitration method chosen, the
arbiter/mux 24, 26 may or may not grant equal axtesill requesters, or the arbiter/mux
24, 26 may or may not give equal priority to onemmre requesters. For example, when



the number of requesting processors 12-16 exceedsumber of target ports 20, 22, the
arbitration method may comprise a round-robin oadegranting access, a random order
of granting access, a priority order where one orenof the processors/initiators 12-16
may have priority over one or more of the othercgssors/initiators 12-16, or a
combination of the above arbitration methods.

[0029] Thus, under a condition where the numbearotessors/initiators 12-16
requesting access to the target 18 is the sansefewer than the number of ports 20, 22
on the target 18, each initiator 12-16 requestoesas may be granted access to a port
20, 22 by the associated arbiter/mux circuit 24,460, under a condition where the
number of initiators or processors 12-16 requesdiaess to the ports 20, 22 may be
larger than the number of ports on the target b8, initiator will be granted access for
each target port by the associated arbiter/mu2@4but one or more initiators 12-16
may not be granted access simultaneously with ttiegeare granted access. This is
because now there exists a condition at a momemhewhere there are more
processors 12-16 requesting access than thereatalde ports 20, 22. Thus, some
number of initiators 12-16 requesting access ireeg©f the number of target ports 20,
22 will not be granted access simultaneously, aitichewve to wait for a period of time
for access until the arbiter/mux circuits 24, 26edaine that access may be appropriate.
Nevertheless, in this embodiment, each port 20na¢ be considered to be available to
each processor 12-16, albeit in some situationsritbesl hereinabove not all processors
12-16 may be able to simultaneously access all@ports 20, 22.

[0030] In the embodiment of FIG. 1, because th&eimux circuits 24, 26, and thus
also the ports 20, 22, are separately addresghblegsponsibility for having a processor
12-16 select a port 20, 22 resides with the softvpmogram executed by one or more of
the processors 12-16 within the system 10, and, the responsibility resides with the
programmer of the software program. Neverthelégssystem 10 of the embodiment of
FIG. 1 may include an arbiter/mux circuit 24, 2@tbitrate between requests as there
may be situations where, without arbitration, afttcinbetween requesting processors 12-
16 may result. Yet, in this embodiment, the charieesonflict may be statistically
reduced as compared to the prior art primarily beeahe processors 12-16 may be
considered to be operating independently of edoérot

[0031] Referring to FIG. 2, an alternative emboduiéustrated there of the processor
system 10 of FIG. 1 may be considered to be somesumaar to the embodiment of

FIG. 1. Similar reference numerals in FIG. 2 aBIG. 1 designate similar components in
FIGS. 1 and 2. The primary difference between yfstesns 10 of FIGS. 1 and 2 is that in
FIG. 2 there may be a single arbiter/mux circuit@4rbitrate all of the access requests
to all of the ports 20, 22 on the target deviceAs8such, the feature of the embodiment
of the system 10 of FIG. 1 where each arbiter/mroutt 24, 26 may be separately
addressable may no longer exist in the embodinfefRtG. 2.

[0032] The system 10 of FIG. 2 has an advantagieahit is no longer necessary to have
the software program and programmer responsibladeing the processors 12-16 select
the ports 20, 22. Instead, the processors/inigal@16 may desire access to any of the



ports 20, 22 and in response, the arbiter/mux tilZumay select or allocate any of the
available ports 20, 22 in an arbitrary manner faeas thereto by the requesting
processors 12-16.

[0033] Thus, in the embodiment of the processotesyslO of FIG. 2, the arbiter/mux
circuit 24 may be considered to be dynamically arimtrarily allocating each of the
available target ports 20, 22 to requesting pramesk2-16 at the time of the request for
access. This may occur within each system cloclecynd each access typically lasts for
one clock cycle, although an access can last foeri@n one clock cycle, depending
upon the type of processor operation. If an acbgssprocessor 12-16 to a target port
20, 22 lasts for a single clock cycle, then theteation process described hereinabove
may occur at the beginning of each and every chycle.

[0034] As illustrated and described herein, thecpssor system 10 embodiments of
FIGS. 1 and 2 include one more processor 12-1@imber than the number of ports 20,
22 on the target device 18. In particular, theesys10 has three processors 12-16 and
two target ports 20, 22. However, the broadestscomtemplates that any number of a
plurality of processors and the same number ospmnrta target device be utilized.
However from a practical perspective, if the sammber of processors and ports
existed, then it would be a simple matter of detitigeeach of the processors to a
corresponding one of the ports, and as such ateaddong with a dynamic allocation
procedure would not be needed. In contrast, thegssor system 10 described and
illustrated herein may be better suited for a sitwrawhere there is at least one more
processor than the number of ports, and the berefit multiplied the greater the number
of possible requestors than parts of the target.

[0035] Although the present invention has beersitiated and described with respect to
several preferred embodiments thereof, variousgdgsromissions and additions to the
form and detail thereof, may be made therein, witltzparting from spirit and scope of
the invention.



