47034218 A2 |00 0 YOO O O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

22 April 2004 (22.04.2004)

(10) International Publication Number

WO 2004/034218 A2

(51) International Patent Classification’: GO6F
(21) International Application Number:
PCT/US2003/031961

(22) International Filing Date: 9 October 2003 (09.10.2003)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

10/269,247 11 October 2002 (11.10.2002)  US

(71) Applicant: SANDBRIDGE TECHNOLOGIES, INC.
[US/US]; 1 North lexington Avenue, 10th Floor, White
Plains, NY 10601 (US).

(72) Inventors: HOKENEK, Erdem; 3426 Fairview Court,
Yorktown Heights, NY 10598 (US). MOUDGILL,
Mayan; 143 Juniper Hill Road, White Plains, NY 10607
(US). GLOSSNER, John, c.; 26 Benedict Place, Carmel,
NY 10512 (US).

(74) Agent: RYAN, Joseph, B.; Ryan, Mason & Lewis, LLP,
90 Forest Avenue, Locust Valley, NY 11560 (US).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR,BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP,KR, KZ, LC,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG,
SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VN, YU,
ZA, ZM, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, 7ZW),
Burasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
EBuropean patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO,
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: METHOD AND APPARATUS FOR THREAD-BASED MEMORY ACCESS IN A MULTITHREADED PROCESSOR

MEMORY SELECT

0
m| T -

604

EVEN/ODD BANK SELECT

B0 B

/4*610

(57) Abstract: Techniques for thread-based memory access by a multithreaded processor are disclosed. The multithreaded proces-
sor determines a thread identifier associated with a particular processor thread, and utilizes at least a portion of the thread identifier
& 1o select a particular portion of an associated memory to be accessed by the corresponding processor thread. In an illustrative em-
bodiment, a first portion of the thread identifier is utilized to select one of a plurality of multiple-bank memory elements within the
memory, and a second portion of the thread identifier is utilized to select one of a plurality of memory banks within the selected one
of the multiple-bank memory elements. The first portion may comprise one or more most significant bits of the thread identifier,
while the second portion comprises one or more least significant bits of the thread identifier. Advantageously, the invention reduces
memory access times and power consumption, while preventing the stalling of any processor threads.



10

15

20

25

30

WO 2004/034218 PCT/US2003/031961

METHOD AND APPARATUS FOR THREAD-BASED MEMORY ACCESS
IN A MULTITHREADED PROCESSOR

Related Application(s)

The present invention is related to the inventions described in U.S. Patent Applications
Attorney Docket No. 1007-6, entitled “Multithreaded Processor With Efficient Processing For
Convergence Device Applications,” Attorney Docket No. 1007-7, entitled “Method and
Apparatus for Register File Port Reduction in a Multithreaded Processor,” and Attorney Décket
No. 1007-8, entitled “Method and Apparatus for Token Triggered Multithreading,” all of which

are filed concurrently herewith and incorporated by reference herein.

Field of the Invention

The present invention relates generally to the field of digital data processors, and more

particularly to memory access techniques for use in a multithreaded processor.

Background of the Invention

Memory is an important aspect of processor design. As is well known, processors are
often used in conjunction with a memory system that includes a hierarchy of different storage
elements. For example, such a memory system may include a backing store, a main memory and
a cache memory, as described in, e.g., M.J. Flynn, “Computer Architecture: Pipelined and
Parallel Processor Design,” Jones and Bartlett Publishers, Boston, MA, 1995, which is
incorporated by reference herein.

Memory performance is typically characterized by parameters such as access time and
bandwidth. The access time refers to the time between a processor request for a particular piece
of data from memory and the return of the requested data to the processor. The memory
bandwidth refers to the number of memory access requests that can be accommodated by the
memory per unit of time.

A given memory, such as the cache memory or main memory in the above-noted
illustrative memory system configuration, may be organized in the form of multiple banks.
Portions of the memory may also be referred to as modules. For example, a number of banks
may be combined into a single memory module, or a number of modules may be combined to
form one of the banks. Typically, only a subset of the banks of the memory may be active at any

given time during a memory access. In the simplest possible arrangement, a single processor
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makes a request to a single memory module. The processor then ceases activity and waits for

service from the module. When the module responds, the processor activity resumes.

Each memory module has at least two important parameters, namely, module access time
and module cycle time. The module access time is the time required to retrieve data into an
output memory buffer register given a valid address. Module cycle time is the minimum time
between requests directed at the same module.

Historically, processors and memory were separately packaged. However, with modern
integration techniques it is possible to integrate multiple modules and banks within a single
integrated circuit die along with the processor.

A significant problem with conventional memory access techniques is that such
techniques are generally not optimized for use with multithreaded processors, that is, processors
which support simultaneous execution of multiple distinct instruction sequences or “threads.” For
example, conventional memory access techniques when applied to multithreaded processors
often require an excessive number of read and write ports, which unduly increases power
consumption. In addition, such techniques when applied to multithreaded processors can result
in the stalling of particular processor threads, and increased memory access times.

As is apparent from the foregoing, a need exists for improved memory access techniques

for use in conjunction with a memory associated with a multithreaded processor.

Summary of the Invention

The present invention provides improved memory access techniques for amultithreaded
processor. More particularly, the memory access techniques of the invention in an illustrative
embodiment thereof provide thread-based bank access in a memory associated with a
multithreaded processor, such that memory access related stalling of processor threads is avoided.

In accordance with the invention, a multithreaded processor determines a thread identifier
associated with a particular processor thread, and utilizes at least a portion of the thread identifier
to select a particular portion of an associated memory to be accessed by the corresponding
processor thread. For example, a first portion of the thread identifier may be utilized to select
one of a plurality of multiple-bank memory elements within the memory, and a second portion of
the thread identifier may be utilized to select one of a plurality of memory banks within the
selected one of the multiple-bank memory elements. The first portion may comprise one or more
most significant bits of the thread identifier, while the second portion comprises one or more

least significant bits of the thread identifier.
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As a more particular example, each of the multiple-bank memory elements may include

an even memory bank and an odd memory bank, with a least significant bit of the second portion
of the thread identifier being utilized to select one of the even memory bank and the odd memory
bank for access by the corresponding processor thread.

Other aspects of the invention relate to token triggered threading and pipelined instruction
processing. For example, the multithreaded processor may be configured to implement token
triggered threading. This type of threading utilizes a token to identify, in association with a
current processor clock cycle, a particular hardware thread unit or context that will be permitted
to issue an instruction for a subsequent clock cycle.

Advantageously, the invention significantly reduces memory access time and power
consumption in a multithreaded processor, without any loss of processor performance. For
example, in the illustrative embodiment, two read or write memory accesses can be achievedina

single processor cycle using only a single memory port.

Brief Description of the Drawings

FIG. 1 is a block diagram of an example processing system in which the invention is
implemented.

FIG. 2 is a more detailed block diagram of an illustrative embodiment of a multithreaded
processor of the FIG. 1 processing system.

FIG. 3 illustrates an example of token triggered threading suitable for use in the
multithreaded processor of FIG. 2 in accordance with the techniques of the invention.

FIG. 4 illustrates the manner in which example instruction functions may be pipelined in
the FIG. 2 multithreaded processor in accordance with the techniques of the invention.

FIG. 5 shows a simplified example pipeline with multiple contexts of the FIG. 2
processor issuing instructions on successive cycles.

FIG. 6 illustrates a memory access technique implemented in the FIG. 2 multithreaded

processor in accordance with the invention.

Detailed Description of the Invention

The present invention will be illustrated herein as implemented in a multithreaded
processor having associated therewith a main memory, a multithreaded cache memory, and a
multithreaded data memory. It should be understood, however, that the invention does not

require the use of the particular multithreaded processor and memory configurations of the
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illustrative embodiment, and is more generally suitable for use in any multithreaded processor

memory access application in which it is desirable to provide a reduction in the number of
required memory ports and thus reduced power consumption.

An example processing system 100 which implements a memory access technique in
accordance with the invention will be described in conjunction with FIGS. 1 and 2.

FIG. 1 shows the processing system 100 as including a multithreaded processor 102
coupled to a main memory 104. The multithreaded processor 102 includes a multithreaded cache
memory 110 and a multithreaded data memory 112.

FIG. 2 shows a more detailed view of one possible implementation of the multithreaded
processor 102. In this embodiment, the multithreaded processor 102 includes the multithreaded
cache memory 110, the data memory 112, a cache controller 114, an instruction decoder 116, a
register file 118, and a set of arithmetic logic units (ALUS) 120. The multithreaded cache
memory 110 is also referred to herein as a multithreaded cache. '

It should be noted that the particular arrangements shown in FIGS. 1 and 2 are simplified
for clarity of illustration, and additional or alternative elements not explicitly shown may be
included, as will be apparent to those skilled in the art.

The multithreaded cache 110 includes a plurality of thread caches 110-1, 110-2, ... 110-
N, where N generally denotes the number of threads supported by the multithreaded processor
102. Each thread thus has a corresponding thread cache associated therewith in the multithreaded
cache 110. Similarly, the data memory 112 includes N distinct data memory instances, denoted
data memories 112-1, 112-2, ... 112-N as shown.

Each of the thread caches in the multithreaded cache 110 may comprise a memory array
having one or more sets of memory locations. A given thread cache may further comprise a
thread identifier register for storing an associated thread identifier, as will be described in greater
detail below in conjunction with FIG. 6.

The multithreaded cache 110 interfaces with the main memory 104 via the cache
controller 114. The cache controller 114 ensures that the appropriate instructions from main
memory 104 are loaded into the multithreaded cache 110. The cache controller 114 in this
illustrative embodiment, operating in conjunction with logic circuitry or other processing
elements associated with the individual thread caches 110-1, 110-2, . .. 110-N, implements at
least a portion of an address mapping technique, such as fully associative mapping, direct
mapping or set-associative mapping. [llustrative set-associative mapping techniques suitable for

use in conjunction with the present invention are described in U.S. Patent Application Serial Nos.
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10/161,774 and 10/161,874, both filed June 4, 2002 and commonly assigned with the present

application, and both of which are incorporated by reference herein.

In general, the multithreaded cache 110 is used to store instructions to be executed by the
multithreaded processor 102, while the data memory 112 stores data that is operated on by the
instructions. Instructions are fetched from the multithreaded cache 110 by the instruction
decoder 116 which operates in conjunction with the register file 118 and the ALUs 120 in
controlling the execution of the instructions in a conventional manner. The operation of
multithreaded processor elements such as 116, 118 and 120 is well-understood in the art, and
therefore not described in further detail herein.

The data memory 112 is typically directly connected to the main memory 104, although
this connection is not explicitly shown in the figure.

One or more of the memories 104, 110 and 112 may each be configured so as to include
multiple banks or other designated portions. By way of example, each bank may be viewed as
being made up of one or more memory modules, or a specified portion of a single memory
module.

The term “memory” as used herein is intended to be construed broadly so as to encompass
an internal or external memory, a cache memory, a data memory, or other arrangement of data
storage elements. The invention is not limited to any particular memory type, configuration or
application. It should be noted, however, that memories are generally understood in the
processor art as being distinct from registers such as those comprising register file 118 in FIG. 2.

Techniques for thread-based access to register files are described in the above-cited U.S. Patent
Application Attorney Docket No. 1007-7, entitled “Method and Apparatus for Register File Port
Reduction in a Multithreaded Processor.”

Tt should also be emphasized that the present invention does not require the particular
multithreaded processor configuration shown in FIG. 2. The invention can be implemented ina
wide variety of other multithreaded processor configurations.

A more particular example of multithreaded processor of the type shown in FIG. 2 and
suitable for use in conjunction with the present invention is described in U.S. Provisional
Application Serial No. 60/341,289, filed December 20, 2001, which is incorporated by reference
herein. An illustrative embodiment of a multithreaded processor as described in U.S. Provisional
Application Serial No. 60/341,289 is capable of executing RISC-based control code, digital

signal processor (DSP) code, Java code and network processing code. The processor includes a
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single instruction multiple data (SIMD) vector unit, a reduction unit, and long instruction word

(LIW) compounded instruction execution.

In accordance with one aspect of the invention, a memory associated with the
multithreaded processor 102 is separated into distinct portions, and a particular one of the
portions is selected for access by a given processor thread using a corresponding thread identifier.

More particularly, in the illustrative embodiment, the memory access time and power
requirements associated with the multithreaded processor 102 are reduced by banking memory on
a per-thread basis, without incurring any performance penalty. In addition, the thread-based
banking approach can prevent memory access related stalling of processor threads.

The memory configured in this manner may comprise, by way of example, one or more of
the main memory 104, the cache memory 110, the data memory 112, or other memory contained
within or otherwise associated with the multithreaded processor 102. An example
implementation of this memory access technique will be described below in conjunction with
FIGS. 3, 4, 5 and 6.

The multithreaded processor 102 may be configured to utilize a threading approach
referred to as token triggered threading, or other suitable threading techniques.

FIG. 3 shows an example of token triggered threading for an implementation of processor
102 in which the number of threads N is eight. In general, all of the threads operate
simultaneously, and each accesses a corresponding instance of the thread cache 110 and data
memory 112. As shown in FIG. 3, the eight threads are denoted Thread 0, Thread 1, Thread 2, . .
. Thread 7, and are illustrated as being serially interconnected in the form of a ring. In the
multithreaded processor, a given thread can generally be viewed in terms of hardware as well as
software. The particular processor hardware associated with a given thread is therefore more
particularly referred to herein as a hardware thread unit or simply a “context.”

In accordance with the token triggered threading illustrated in FIG. 3, all of the hardware
thread units or contexts are permitted to simultaneously execute instructions, but only one
context may issue an instruction in a particular clock cycle of the processor. In other words, all
contexts execute simultaneously but only one context is active on a particular clock cycle.
Therefore, if there are a total of C contexts it will require C clock cycles to issue an instruction
from all contexts. Each clock cycle, one of the contexts issues an instruction, and the next thread
to issue an instruction is indicated by a token. In the FIG. 3 example, the tokens are arranged ina
sequential or round-robin manner, such that the contexts will issue instructions sequentially.

However, tokens indicating the next context to issue an instruction may be arranged using other
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patterns, such as an alternating even-odd pattern. Also, as noted above, other types of threading

may be used in conjunction with the present invention.

FIG. 4 illustrates the manner in which example instruction functions may be pipelined in
the multithreaded processor 102 in accordance with the present invention. In the illustrative
embodiment of the invention, this type of pipelining is preferably utilized in conjunction with the
token triggered threading described previously, but it is to be appreciated that numerous other
combinations of pipelining and threading may be used in implementing the invention.

The FIG. 4 pipeline is configured for use in conjunction with the illustrative N = 8 token
triggered threading of FIG. 3. The example instruction functions in FIG. 4 include Load/Store
(Ld/St), ALU, integer multiplication (I_Mul) and vector multiplication (V_Mul), and are shown
as having nine, six, seven and eight pipeline stages, respectively.

Each of the example instruction pipelines illustrated in FIG. 4 includes at least an
instruction decode stage, a register file (RF) read stage, a transfer (Xfer) stage and a writeback
(WB) stage. The RF read stage involves reading from a register file, e.g., the register file 118, the
transfer stage typically involves transferring instruction results to a designated holding register,
and the WB stage involves writing instruction results back to memory or a register file.

The Ld/St pipeline further includes an address generation (Agen) stage, an internal (Int) or
external (Ext) determination stage, and three additional memory execute stages, denoted Memo0,
Mem! and Mem?2. The Ld/St pipeline thus includes a total of four memory execute stages, that
is, Mem0, Mem1, Mem2 and WB. The internal or external determination stage determines if the
associated memory access is to an internal or an external memory, and may be viewed as an
additional decode stage within the pipeline. It should be noted that additional memory execute
stages may be required for certain external memory accesses. For example, if the WB stage of an
external memory access does not complete during the period of time for which the corresponding
thread is active, the thread may be stalled such that the WB stage will complete the next time the
thread is active.

The ALU pipeline further includes two execution stages denoted Execl and Exec2.

The integer I Mul pipeline further includes three execution stages denoted Execl, Exec2
and Exec3.

The vector V_Mul pipeline further includes two multiplication stages MPY1 and MPY?2,
and two addition stages Addl and Add2.

The multithreaded processor 102 is preferably configured such that once an instruction

from a particular context enters its corresponding pipeline, it runs to completion.
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FIG. 5 shows a simplified example set of pipelined instructions with multiple contexts of

the multithreaded processor 102 issuing instructions on successive cycles. In this example, it is
assumed for simplicity and clarity of illustration that the issued instructions each include the
same four pipeline stages, denoted instruction fetch (IF), read (RD), execute (EX) and writeback
(WB). It is further assumed that there are three threads, and thus three contexts issuing
instructions in a sequential manner similar to that described in conjunction with FIG. 3. An
integer add instruction addi r0, 2, 8 is initially issued by a first one of the contexts on a first
clock cycle. The other two contexts issue instructions on respective subsequent clock cycles. It
takes a total of three clock cycles for each of the contexts to issue an instruction. On a fourth
clock cycle, the first context issues another instruction, namely an integer multiplication
instruction muli 18, r0, 4.

The FIG. 5 example serves to illustrate that with an appropriately-configured pipeline and
a sufficient number of threads, all hardware contexts may be executing concurrently even though
there is only a single instruction issued per context per cycle. As indicated previously, the
particular number of threads and pipeline stages are purposes of illustration only, and not
intended to reflect a preferred implementation. Those skilled in the art will be readily able to
determine an appropriate number of threads and pipeline stages for a particular application given
the teachings provided herein.

As noted above, the present invention in accordance with one aspect thereof provides an
improved memory access technique for use by the multithreaded processor 102.

Generally, this improved memory access technique involves determining a thread
identifier associated with a particular thread of the multithreaded processor, and utilizing at least
a portion of the thread identifier to select a particular portion of the memory to be accessed by the
corresponding processor thread.

More particularly, in an illustrative arrangement in which a memory to be accessed by the
multithreaded processor is configured into a number of distinct memory elements each having
multiple memory banks, a first portion of the thread identifier may be used to select one of the
distinct memory elements within the memory, and a second portion of the thread identifier may
be used to select one of the memory banks within the selected one of the memory elements.

The first portion of the thread identifier used to select one of the multiple-bank memory
elements may comprise one or more most significant bits of the thread identifier, while the
second portion of the thread identifier used to select one of the banks within a selected multiple-

bank memory element may comprise one or more least significant bits of the thread identifier.
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FIG. 6 illustrates one possible embodiment of the above-described memory access

technique, implementable in the FIG. 1 processing system utilizing the multithreaded processor
102. It is assumed for this example that the number of processor threads N in the multithreaded
processor 102 is eight. FIG. 6 shows a memory 600 comprising four multiple-bank memory
elements denoted M0, M1, M2 and M3. The memory 600 may correspond to the main memory
104, the cache memory 110, the data memory 112, or another memory associated with the
multithreaded processor 102. Each of the multiple-bank memory elements M0, M1, M2 and M3
includes a pair of memory banks denoted B0 and B1, also referred to herein as an even memory
bank and an odd memory bank, respectively.

A thread identifier (TID) register 602 stores a thread identifier having a first portion 604
and a second portion 606. In this example, where N = 8 as previously noted, the thread identifier
is a three-bit identifier. The first portion 604 of the thread identifier comprises the two most
significant bits of the three-bit identifier, and is utilized to select a particular one of the four
multiple-bank memory elements M0, M1, M2 and M3. The selection circuitry utilized to selecta
particular one of the multiple-bank memory elements is not explicitly shown in FIG. 6, but can be
implemented in a straightforward manner, as will be appreciated by those skilled in the art. The
second portion 606 of the thread identifier comprises the least significant bit of the three-bit
identifier, and is applied as a select signal to selection circuitry 610 to select one of the banks BO
or B1 for use in conjunction with a particular memory access.

The diagram in FIG. 6 illustrates a read access, in which information is read from a
selected one of the banks B0 and B1. However, this is by way of example only, and the invention
can also be used for write accesses.

In the FIG. 6 embodiment, a given multiple-bank memory element M0, M1, M2 or M3
need have only a single memory port for read and write accesses. For example, the present
invention makes it possible to read from each of the multiple-bank elements every cycle by
alternating between the even and odd banks. As aresult, a single memory port can function as if
it in effect contained multiple ports. More specifically, two read or write memory accesses may
be achieved per processor clock cycle with only a single memory port per multiple-bank memory
element. This arrangement can be used to decrease memory access time, and reduce power
consumption, while also avoiding processor thread stalls due to memory access issues.

Numerous alternative configurations of multiple-bank memory elements and memory
banks are possible using the techniques of the invention. For example, one possible alternative

configuration is to have two multiple-bank memory elements, each with four memory banks, in
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which case one bit of the thread identifier is used to select the multiple-bank memory element

and two bits of the thread identifier are used to select one of the four memory banks within the
selected multiple-bank memory element. More generally, if the number of multiple-bank
memory elements is given by M, and B is the number of memory banks per multiple-bank
memory element, the memory may be configured such that the product of M and B is equal to N,
that is, N = M*B. Other arrangements are also possible. Furthermore, it should also be noted
that each multiple-bank memory element need not have the same number of memory banks.

The thread identifier register 602 and the associated selection circuitry may be
implemented as elements of the multithreaded processor 102. For example, in an embodiment of
the invention in which the memory 600 corresponds to the cache memory 110, these elements
may be implemented in whole or in part in the cache controller 114, or in another portion of the
multithreaded processor 102.

The thread identifier register 602 stores a multi-bit thread identifier that is used by the
multithreaded processor 102 to identify a particular thread. Such thread identifiers may be
generated in a conventional manner, as will be apparent to those skilled in the art.

The term “thread identifier” as used herein is intended to include any information suitable
for identifying a particular thread or a set of multiple threads in a multithreaded processor. By
way of example and without limitation, the thread identifier may correspond to the output of a
thread counter in a multithreaded processor. More particularly, a given multithreaded processor
may be configured such that multiple threads are processed in a predetermined order, such as a
round robin order, with the thread counter output being used to identify the particular thread
being executed. In such an embodiment, there may be a total of eight threads that are processed in
round robin order, with each thread being identified by a three-bit identifier, such that the output
of a three-bit counter can be used to identify the particular thread being processed. Other
embodiments may use a non-counter implementation of the thread identifier. A wide variety of
different thread identifier configurations suitable for use with the present invention will be readily
apparent to those skilled in the art.

The memory access technique as illustrated in FIG. 6 utilizes a single bit of the thread
identifier to select an even or odd memory bank to be accessed by the corresponding processor
thread. It is possible, however, to use 7 least significant bits of the thread identifier to select one
of 2" memory banks of a given multiple-bank memory element. Similarly, one may use 7 most
significant bits of the thread identifier to select one of 2™ multiple-bank memory elements in a

given memory associated with the multithreaded processor.
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As indicated above, the thread-based memory access techniques of the present invention

provide significant improvements relative to conventional techniques. For example, the
techniques can improve memory access time. Also, the techniques can substantially reduce the
number of required memory ports, thereby reducing power consumption. Moreover, these
improvements are provided without impacting processor performance.

The above-described embodiments of the invention are intended to be illustrative only,
and numerous alternative embodiments within the scope of the appended claims will be apparent
to those skilled in the art. For example, as indicated previously, a given multiple-bank memory
element can be divided into more than just an even bank and an odd bank as in FIG. 6, that is, it
can be divided into » distinct portions, with an appropriate increase in the number of thread
identifier bits used to select a given bank from within a given multiple-bank memory element.
As another example, the particular selection circuitry arrangements used to implement the
selection process can be replaced with alternative arrangements. Moreover, multithreaded
processor configuration, the number of threads, number of multiple-bank memory elements,
number of banks per memory element, thread identifier configuration and other parameters of the

illustrative embodiments can be varied to accommodate the specific needs of a given application.

11



10

15

20

25

30

WO 2004/034218 PCT/US2003/031961
Claims

What is claimed is:
1. A method for accessing a memory associated with a multithreaded processor, the
method comprising the steps of:
determining a thread identifier associated with a particular thread of the
multithreaded processor; and
utilizing at least a portion of the thread identifier to select a particular portion of

the memory to be accessed by the corresponding processor thread.

2. The method of claim 1 wherein the utilizing step further comprises the steps of
utilizing a first portion of the thread identifier to select one of a plurality of multiple-bank
memory elements within the memory and utilizing a second portion of the thread identifier to
select one of a plurality of memory banks within the selected one of the multiple-bank memory

elements.

3. The method of claim 2 wherein the first portion comprises one or more most

significant bits of the thread identifier.

4. The method of claim 2 wherein the second portion comprises one or more least

significant bits of the thread identifier.

5. The method of claim 2 wherein each of the multiple-bank memory elements includes
an even memory bank and an odd memory bank, and a least significant bit of the second portion
is utilized to select one of the even memory bank and the odd memory bank for access by the

corresponding processor thread.

6. The method of claim 1 wherein the memory comprises a main memory coupled to the

multithreaded processor.

7. The method of claim 1 wherein the memory comprises a data memory of the

multithreaded processor.
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8. The method of claim 1 wherein the memory comprises a cache memory of the

multithreaded processor.

9. The method of claim 8 wherein the cache memory comprises a plurality of thread
caches, at least a given one of the thread caches comprising a memory array having one or more

sets of memory locations.

10. The method of claim 9 wherein the given thread cache further comprises a thread

identifier register for storing the thread identifier.

11. The method of claim 1 wherein the multithreaded processor is configured to utilize

token triggered threading.

12. The method of claim 11 wherein the token triggered threading utilizes a token to
identify in association with a current processor clock cycle a particular context that will be

permitted to issue an instruction for a subsequent clock cycle.

13. The method of claim 1 wherein the multithreaded processor is configured for

pipelined instruction processing.

14. A processor system comprising:
a multithreaded processor; and
a memory associated with the multithreaded processor;
the multithreaded processor being operative to determine a thread identifier
associated with a particular thread of the multithreaded processor, and to utilize at least a portion
of the thread identifier to select a particular portion of the memory to be accessed by the

corresponding processor thread.

15. An article of manufacture comprising a machine-readable storage medium having
embodied thereon program code for use in accessing a memory associated with a multithreaded
processor, wherein the program code when executed by the processor implements the steps of:

determining a thread identifier associated with a particular thread of the

multithreaded processor; and
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utilizing at least a portion of the thread identifier to select a particular portion of

the memory to be accessed by the corresponding processor thread.
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