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Entities Background The invention relates to buffer
menory managenent in a system having.qultiple execution entities.
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the systemnmenory to retrieve the desired information, which res&lldts in a
mermory access Further, in some conventional memory systems, a cache memory may include

separate instruction and dataf cache units, one to store instructions and the other to store data.
During operation, a processor fnay fetch instructions from system memory to store in the

15  instruction cache unit. Data préc;ésséd by those instructions may be stored in the data cache
unit. If information, such as in;tfi;étion or data, requested by the processor is already stored
in cache memory, then a cache mémory hit is said to have occurred. A cache memory hit
reduces the time needed for 1he. processor to access information stored in memory, which
improves processor performance.

20 However, if information g_e'eded by the processor is not stored in cache memory, then
a cache miss is said to have occurred. When a cache miss occurs, the processor has to access
the system memory to retrieve the desired information, which results in a memory access
time performance reduction while the processor waits for the slower system memory to
respond to the request. To reduce cache misses, different cache management policies have

25  been implemented. One of several mapping schemes may be selected, for example, including
a direct mapping scheme or a set associative cache mapping scheme. A set associative cache
memory that implements k-way associative mapping, e.g., 2-way associative mapping, 4-way
associative mapping, and so forth, generally provides a higher hit ratio than direct mapped
cache memory. One of several replacement policies may also be specified to improve cache

30  memory hit ratios, including a first-in-first-out (FIFO) or least recently used (LRU) policy.
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Summary
In general, according to an embodiment, a system includes a processor and a plurality

of execution entities executable on the processor. A buffer memory in the system has
20  multiple buffer sections. Each buffer section is adapted to store information associated with
requests from a corresponding one of the multiple execution entities.
Other features will become apparent from the following description and from the

claims.

25  Brief Description Of The Drawings
Fig. 1 is a block diagram of portions of a buffer or cache memory having multiple

sections according to an embodiment of the invention.
Fig. 2 is a block diagram of an embodiment of a system including the cache memory
of Fig. 1.
30 Fig. 3 illustrates the components of each cache module in the cache memory of Fig. 1.
Fig. 4 is a block diagram of a processor including the cache memory of Fig. 1 along

with associated control logic.
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-3 - Filg. .5is a flowdiagrgmof an jnstruction execution
sequence per f orlfdle following descriptigy, RIS F%Btlaﬁi?rﬁ.setzlf‘]’ﬂh to provide an

understanding of the present invention. However, it is to be understood by those skilled in
the art that the present invention may be practiced without these details and that numerous
10  variations or modifications from the described embodiments may be possible.

. Some embodiments of the invention include a system having a buffer memory that
includes several individual buffer sections at one level of the memory hierarchy. Each buffer
section may be a separate buffer module or may be a portion of a buffer memory that is
separately addressable (that is, memory is separated into different address spaces). The

15 individual buffer sections may be separately configurable énd may be assigned:to store
information of different program execution entities in the system. Such a buffer memory
may be referred to as a multi-unit buffer memory.

In some embodiments, the buffer memory may include a cache memory used in any
of a variety of applications, e.g., processor subsystems, peripheral device controllers (such as

20 video controllers, hard disk drive controllers, and so foz’th), and other types of control
devices. Systems including such cache memories may include a general-purpose or special-
purpose computer, a hand-held electronic device (e.g., telephones, calendar systems,
electronic game devices, and the like), appliances, set-top boxes, and other electronics
systems. A cache memory having muitiple cache sections may be referred to as a multi-unit

25  cache memory. A cache memory section may include a separate cache module or a portion
of the cache memory that is separately addressable. The following described embodiments
include a computer having a multi-unit cache memory with multiple independent cache
modules -- it is to be understood, however, that further embodiments may include computers
having multi-unit cache memories with other independently configurable cache sections or

30  other types of systems with buffer memories.

According to some embodiments, the attributes of each individual cache module in a

multi-unit cache memory may be independently configurable. Such attributes may include
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20 In such operating systems, multiple execution entities associated with different
software and firmware layers may be active at a time. Requests from these execution entities
are scheduled by the operafing system according to a predetermined priority protocol, e.g.,
round-robin, etc. Such operating systems are said to be multitasking or multithreading
operating systems. To take advantage of the multitasking or multithreading capabilities of a

25 - system, the independent cache modules of a multi-unit cache memory may be assigned to
store information of corresponding execution entities. Thus, for example, execution entities
of a multimedia application may be assigned to one cache module, while execution entities of
other applications may be assigned to different cache modules of the multi-unit cache
memory. To that end, according to one embodiment, requests from each execution entity

30  may be assigned to different execution entity identifiers (EIDs). Thus, requests from
execution entities of a first application may be assigned to one EID, and requests from

another execution entity may be assigned another EID. Thus, according to this embodiment,
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In further embodiments, other different schemes may be implemented in assigning
EIDs to requests of execution entities. Based on the EID associated with an instruction, a
cache controller for the cache memory can keep track of which cache module of the multi-
20  unit cache memory is to be used to store data accessed by the instruction. As a result, cache
utilization may be improved since the individual cache modules may be configured to take
advantage of the data usage characteristics of the different execution entities in the system.
For example, a multimedia application may typically generate requests that transfer large
blocks of data that are not re-used. A cache module assigned to these types of requests may
25  be configured to implement the FIFO replacement policy and write-through update policy.
Cache modules assigned to other types of requests may have different configurations.
As execution entities are created in a system, EID identifiers may be assigned to these
execution entities by an operating system. Referring to Fig. 6, according to one embodiment,
if a new execution entity is detected (at 502), the operating system may access (at 504)
30  configuration information loaded during system initialization to determine how EID
identifiers are to be assigned. The operating system next assigns (at 506) the appropriate EID

identifier to the execution entity. For example, the operating system may be able to assign
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15  characteristics of these execution entities. Execution entities of intensive arithmetic
applications, such as compression applications, may be assigned another EID identifier so
that data is stored in another cache module that is configured for cache data operations
characterized by increased spatial locality.
In some embodiments, a multi-unit cache memory having multiple cache modules
20  may be implemented in a multilevel cache memory having multiple levels of cache memory
(e.g., an L1 cache and an L2 cache). Such a cache memory may be referred to as a
multilevel, multi-unit cache memory, in which at least one level includes a multi-unit cache
memory. Thus, for exampie, a multilevel, multi-unit cache memory having two levels may
be constructed in the following manner: the first level is a2 multi-unit cache and the second
25 level is a conventional cache; the first level is a multi-unit cache and the second level is a
multi-unit cache; or the first level is a conventional cache and the second level is a multi-unit
cache.
The individual cache modules of a multi-unit cache may be referred to as P-caches.
Thus, for example, a multi-unit cache memory may include several P-caches, including a
30  PO-cache, a Pl-cache, a P2-cache, and so forth. The different P-caches may be implemented
as separate memory elements or modules, e.g., multiple static random access memory

(SRAM) or multiple dynamic random access memory (DRAM) devices. Altemnatively,
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may include a write-through policy or a write-back policy.
Referring to Fig. 1, a multi-unit cache memory 100 according to an embodiment
includes several P-caches, shown as a PO-cache 102, a P1-cache 104, and a P2-cache 106. A
cache controller 108 is associated with the PO-, P1-, and P2-caches 102, 104, and 106. In one
20 embodiment, separate address and data buses may be coupled to each of the cache modules
102, 104 and 106 so that the cache modules may be accessed concurrently. Alternatively, a
common address and data bus may be coupled to the cache modules. The cache controller
108 provides control signals to each of the P-cache modules 102-106.
The cache controller 108 includes storage elements 118, in the form of registers or the
25 like, that are programmable by the operating system to specify the EID identifiers associated
with each of the P-caches. When the multi-unit cache memory 100 is accessed, the cache
controller 108 selects one of the P-caches based on a comparison of the EID provided by a
request and the EID values stored in the storage elements 118.
The cache controller 108 also includes a replacement and update control block 120 to
30  control the replacement and update policies of the three separate cache modules, as

determined by control information programmed in the storage elements 118. Thus, for
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system 10 includes a computer, although in alternative embodiments, the system 10 may be
20  any other electronic device in which a cache or buffer memory may be implemented.

The system 10 includes a central processing unit (CPU) 200, which may include a
processor or other suitable control device, having one or more levels of cache memory. For
example, as illustrated, the CPU 200 may include an internal cache that is the level-one (L1)
cache 202. In addition, the CPU 200 may be coupled over a host bus 203 to access an

25  external cache that is the level-two (L2) cache 204. The L1 cache 202 may include a code
component (for storing instructions) and a data component (for storing data). Similarly, the
L2 cache 204 may include code and data components. Thus, instructions and data fetched
from main memory 206 are stored in the code and data components, respectively, of the L1 or
L2 cache 202 or 204. In other embodiments, separate code and data cache components are
30  not implemented. |
In some embodiments, the multi-unit cache memory 100 (Fig. 1) may be implemented

in the L1 cache 202, the L2 cache 204, or both. For purposes of this discussion, it is assumed

[0 §
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controller 108 selects one of the P-caches based on a conparison of the EID
provi ded Bgvigion 2.1, published in June 1995. The system bus 216 may be coupled to a storage

controller 218 that controls access to one or more mass storage devices 220, including a hard
20  disk drive, a compact disc (CD) drive, or a digital video disc (DVD) drive. In an alternative
embodiment, the storage controller 218 may be integrated into the I/O hub 214, as may other
control functions. The system bus 216 may also be coupled to other components, including,
for example, a network controller 222 that is coupled to a network port (not shown).
On the secondary bus 224, additional devices 226 may be coupled, as may be a
25  non-volatile memory 228 that may store power up routines, such as basic input/output system
(BIOS) routines. The secondary bus 224 may also include ports for coupling to peripheral
devices. Although the description makes reference to specific configurations and
architectures of the various layers of the system 10, it is contemplated that numerous
modifications and variations of the described and illustrated embodiments may be possible.
30  For example, instead of memory and I/O hubs, a host bridge controller and a system bridge
controller may provide equivalent functions, with the host bridge controller coupled between

the CPU 200 and the system bus 216 and the system bridge controller 224 coupled between
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software and firmware instructions may include different forms of memory including

15 semiconductor memory devices such as dynamic or static random access memories, erasable
and programmable read-only memories (EPROMs), electrically erasable and programmable
read-only memories (EEPROMs), and flash memories; magnetic disks such as fixed, floppy
and removable disks; other magnetic media including tape; and optical media such as CD or
DVD disks. The instructions stored in the storage media when executed cause the system 10

20  to perform programmed acts.

The software or firmware can be loaded into the system 10 in one of many different
ways. For example, instructions or other code segments stored on storage media or
transported through a network interface card, modem, or other interface mechanism may be
loaded into the system 10 and executed to perform programmed acts. In the loading or

25  transport process, data signals that are embodied as carrier waves (transmitted over telephone
lines, network lines, wireless links, cables and the like) may communicate the instructions or
code segments to the system 10.

The execution entities (in this case threads) are adapted to perform different
operations. For example, a spreadsheet process may create a first thread to perform

30  calculations on entries entered by a user and a second thread to transfer the calculated data

into main memory 206. Each thread or execution entity is able to generate requests, which

i
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204. 1%he therGHY 20 fetct@s insayctions from memory 206 without associated EIDs. However,
based on which of the instruction memory regions the instruction is fetched, the CPU 200 can
determine the EID of the instruction.

In yet a further embodiment, in which EIDs are similarly not stored along with
instructions, the CPU 200 may include multiple microsequencers assigned to different

20  threads. Thus, one microsequencer may retrieve instructions associated with one thread,
another microsequencer may retrieve instructions associated with another thread, and so
forth. Each microsequencer may be configured to know locations of instructions of
corresponding execution entities. In this embodiment, an instruction’s EID may be
determined depending on which of the microsequencers fetched that instruction. The

25  determined instruction may then be stored inside the CPU.

The retrieved or determined EID is decoded by the cache controller 108 or by some
other suitable decoder to identify which P-cache is to be used when the instruction requests
an access to data. The cache controller 108 accesses one of the P-caches to retrieve or store
data processed by the corresponding instruction. With the example configuration of Fig. 1,

30  data associated with instructions having EID 0 may be stored in the PO-cache 102, data

associated with instructions having EID 1 may be stored in the P1-cache 104, and data

associated with instructions having EID 2 may be stored in the P2-cache 106. In some



10 also include a graphics interface 211 that is coupled over a link 209
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216 and tYESEDES: chhaseplaguned selpciondnts RES way pe uepdiie ingbeate which cache line is
- 1015 tobe replaced. The RPS bits may be used to keep track of the least recently used cache line

(for LRU replacement) or the first entered line (for FIFO replacement), as examples.

The cache controlie_r 108 may be implemented as an integrated unit or as several
separate control units. As discussed, when an instruction is fetched for execution, the EID
associated with the instruction is retrieved. Based on the EID value, the appropriate one of

20  the P-cache modules is selected to retrieve data from or write data to. A hit or miss may be
returned depending on whether a valid copy of the associated data is stored in the selected
P-cache module.

A multi-unit cache system having independently configurable cache modules

according to some embodiments may have one or more of the following advantages. Greater

25  cache management flexibility may be available, since the placement, replacement, and update
policies and cache size and organization of each of the P-cache modules may be set to
improve cache utilization for corresponding execution entities. Cache performance may be
improved by configuring cache modules to take advantage of different cache usage
characteristics (to store data or instructions) of different execution entities. Data cache

30  pollution by the different active execution entities in the system 10 may be reduced, which
may improve the cache hit ratio. In addition, the multi-unit data cache system may offer high

access bandwidth by increasing parallelism for a multithreading or multitasking processor

rm



the system bus 216 and the secondary bus 224. In addition, any of a nunber
of bus pr ot owolos/34870 may be i npl enent ed. Var | | ent
program execution entities are executable by the CPU 200 in thg&'ﬁls%/{ﬁ%{

system 10. As illustrated, according to one enbodinment, nultiple processes
252, 254, and 5 256 are | oaded under }dm operating system 250, which may
be a Wndows[err] operating system for exanple. Each process nmay

gener at e sonws the Preacke mrdules inoy be nonduirestly hatessilde nStidiecdnasirent data cacheini t s of

L T D RN T I XTI

and 260, dfthegHp@eiianedprobE¥ors. I ncl ude a thread 262, and the process
256 may include threads 264 and 266. 10 Vari ous software or

firmwvare (fornednethenembodiment, oompiiers foraliffetehtapplieatemprograms may

exanmpt e), lnctudi ng applicat.ions per at.i ng syst em nodul s, or routines,
devi c}é drq})\?glﬁéc%ﬂﬁrr%nﬁgﬁre aﬁnhﬁ%ﬁ%@‘e&lﬁﬁaﬁi c]qélge mEmary tﬂt@??ﬂﬂ“’%&?@%"s,
may be stpetfetm@iiceOtFoe éﬂrﬁ;ﬂe,tmgbbymﬁa&%t@ﬁcdl finformation é%Et?criT%Ed IRh Qi hage
media in the system Storage nmedia suitable for tangibly enbodying

sof t war e RPN RiiEeEmRY be celtactedrand stoyed. NRependingidnfthe ellectedrstatisti€almenor y

I ncl udin . ] I r ' ueh as dynam c .or static
random aglé%ogxgatﬁ%m{@{s}ﬂﬁg%sgg gW—cXch%%&@ﬁ%m%y §8F a}ﬂgﬁ%‘l imr‘seﬁ‘éf%‘ﬁ{“}’&?’réﬁ?or i es
( EPROV5) ,FIEOaeplacenadit pokt s aeteemitied npt pdieasTiiEibhtEfor a particulafRaOfY HolRED! | s

(EEPﬁg\ﬂs) anﬂ flash menori es; rragnetic di sks such as fixed, floppy
and t&novisrachgreentollesd A2 maydgmetified tsehianss telrerlrosmentipelicytn dhobRUgmllicyredi a

such as G ' ' UCL] din.th orage
rodi o when ens S pricH iy, TR R bh B0k Bl pichd B TeR0E
The soft wd dgnamictlly chagingathe cdreiguoaibad ] imndividubleP-sacht @ivdhlEs i rédpensefto ABRY
di fferent tructions or other code segnents

. .. E o
st or ed oﬁxgﬁué?ﬁﬁ\é\ﬁﬁ%dfléﬁ{ﬁyesé?nn% g’ierplgﬁgﬁﬁlrnﬁed through a network interface
card, nodem ®ef@tiRgho FiYf 8f Ak GRS ThEBPUPR0 included tﬂé‘ﬂ@g%-lhﬁfgﬁéﬁ&gge

system 10 and executed to perform programmed acts. In the
t r anSpor NGy L2 and assqcistegregis. Themulti-snisid odirmesoneinciudes thaviese data

(transmt £ 0 | i.nes, ,Net wor lnes,. .wirele l i nks,
Cabi os anetild e RhERSS B amd P2acebinp2) Fid Bt 106 nEiepd oache 103 geay be
segment s desighdied sy/tht defatfl data cache that is used (bR re¥&a UkdoRRAt ANV ith bR ufibh thi s
case threads%;rtgr adapted to perform.different operations. For

exanpl e, 8HY e B0t speeidigally beep assignaddo one pf the othar Paehches indhé bi vede.
cal cul at ipgp | . : thread to.transfer
the cal cul até’éégﬁbdg’{kg% @)?CCEH?Iﬁ%@H}fcgh\a@ﬁ%sﬁagélﬁﬁ%%&e@ggﬁﬁ? Rrbé’afge 8PETBWIE Ut i on
ent 2y i sysitrhe The Pjemmt B2-eaches| @4 arsd 106hineybe assigned to store data for requests from

execution entities having EIDs 1 and 2, respectively. In one embodiment, the PO-cache may

be a larger memory than either the P1- or P2-cache since it is the default data cache.

Other components of the CPU 200 according to one example configuration are

illustrated in Fig. 4. A bus front unit (BFU) 404 forms the interface to the front side or host
25 bus 203. The BFU 404 may include address drivers and receivers, write buffers, data bus
transceivers, bus control logic, bus master control, and parity generation and control.

The instruction path is first described below. Instructions retrieved by the BFU 404
from either the main memory 206 or from the L2 cache 204 may be stored in an instruction
cache 406 that is part of the L1 cache 202. The internal instruction cache 406 may keep

30 copies of the most frequently used instructions. According to some embodiments,
instructions are fetched along with EIDs from either the main memory 206 or the L2 cache

204 and stored in the instruction cache 406. An instruction buffer and decode logic 408
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nor e cor mpeedusesiomeprimaere micto-opesatiang along witht denesponidog Eist , t he CPU 200

fetches the associ ated.El Ds, al.on i th the instructi.ons . . I n
an al ternative® _ﬁpﬁté‘fﬁ?m?%nﬁ‘%[}\geé?sguﬁ%?mﬂ%ft@ffgi’ﬁBHTWV”EW'Mo'ng
With 10 mdméd/réEbhsdrthe MRAToSAI06 SOEbidins ® diffelehUCIDsOHIWRIVRE, ¥n fifgi ONS nay be
defined in the nmenor 06 to correspond to the different ElDs.

| nst ruct icothodimenddhaEHRs aie mat sored @langtwith Gminghructions. VEkecthe ICHR 201t fetohes

et r et 0ot B AR el R ERL P SR g ST Py

second EbPthesfgtched instructionithag&idon the addressolochtion ¥ Here thie QiistRRBH 1 stozed. OThis and
so forth. In this alternati ve enbodi nent the CPU 200 fetches

15 { ..
i nst r uct mDernesierReddoncxamplaby tas decads logicA08d Thupdhe BH\efan mnstruction ias ed

on whi ch qeferhiigd ibQ%g ro‘:{%ﬁi&&‘ir{;ﬁg&&)\rﬁﬁh%g&?h@égikﬂ ﬂtei iH?thcHSﬁ iORecdd HERC 'tﬁ’x%el ;he -

CPU 200 can term ne e’rnstruction

yet & f utheBiD Brdstetmimed by theaCRUI 200, Elcisbasteachedriol the Hycoded niéroroperagibang wi t h

i nstructi ogs, t he CPU 200. maé i n‘ﬁllgude mul tiple mcrosequencers assigned to
di f f er enfB®gfored 1p thegsfruction qlieu ‘m crosequencer may retrieve instructions

associ at ed W ivansukthédatbodiment in ¥ARMIEDs HEARSRAULANEES w'iEﬁanrtﬁt:{i&%\iﬁ

i nstructions asSoci ated with another thread, and so forth. Eac

M cr osequEneey, meljiplseregai epunists and rkicrosequsnedrs o1ay befinglndsdrin thd GPY 260
that are assigned to corresponding threads. This embodiment is described further below.

15 The output port of the instruction buffer and decode logic 408 may be coupled to an
instruction queue 412, which stores the micro-operations along with associated EIDs. The
output port of the instruction queue 412 is routed to a sequeﬁcer 414. The sequencer 414 may
include multiple microsequencer units 430, 432, and 434 corresponding to the different EIDs.
For example, the microsequencer unit 430 may be configured to process micro-operations

20  associated with EID 0, the microsequencer 432 may be configured to process micro-
operations associated with EID 1, and the microsequencer 434 may be configured to process
micro-operations associated with EID 2. The micro-operations processed by the
microsequencers 430, 432, and 434 are received from the instruction queue 412. According
to one embodiment, the microsequencers 430, 432, and 434 rriay operate simultaneously to

25  process micro-operations associated with different EIDs. Operation of the microsequencers
430, 432, and 434 are controlled by a control logic 436 in the .sequencer 414.

In one embodiment, the EIDs associated with micro-operations are originally
retrieved from memory along with instructions of the different execution entities. In a further
embodiment in which instructions are are not stored along with instructions, each

30  microsequencer may be independently configured to fetch instructions of corresponding
execution entities. Thus, a first microsequencer fetches instructions associated with a first

execution entity, a second microsequencer fetches instructions associated with a second

tm



correspondi ng execution entities. In this enbodinment, an instruction's EID

may be wo@bsdghd ned dependi ng on which of the m crosequengefpsdortigdeed
that instruction. The 25 determ ned instruction nay then be stored inside

t he CPU. The retrieved or determned EID is decoded by the
cache controller 108 or by sone other suitable decoder to i dentify
whi ch P-cache is to be used when the instruction'requests an access
t o dat a. eXemitionchttycamt sooforthr The EI1Bs oés fasehedinstoiction map-thusdiesdeterminest r i eve
or store dat rocessed by th orr.esponding instruction. Wth the
exanpl e @Gf’ﬂdi‘ﬁh‘?’&PEBEthﬁfm\gf‘ﬁ?q‘l, c?ﬁ?et&beélttﬁe E’ﬁgﬂ‘&tf‘g& ed with instructions
having EID 0 r@yeReusdéfily typiddll§ ifloded @Rimbee of Bdfractions that afSeh@é®h Wi th
i nstructions having EID 1 nay be stored in the P 1 -cache 104, and data

associ at sdmgiprégramsirdarc Byotesauiaistiyctimrddressss dse sismpdy sngrementéretodigich fihe
106. Jn saone . . - )

“1p: 5" Weingssian, L4 e, onsther cpadiignal ranch osews e frRCt 8 Ran one
EID. Fur tsFaﬁﬁe@foeqw 4d@Pess of the nekNinsrictionf M3, dhd Addren tof drthéraatyi 10catnd
software [ayers may be assigned the sanme EID. Referring to

Fig. 3, trhergitheaesinstretiopaestored ipknge HPregramponnishmay bs uped todeepiraek | n
A | i i ne < . RN g
the exa”g)f?heié}gggaalué}d@<9flnﬁmcﬁoﬁ?.vﬁ&xéﬁkeﬁégc?&;“f]otcﬁlgxl c%%ﬁ%@%ér?wllt st rate

O her at'ions are al'so possi rect mapped

cache or pebdiem douil@yto execute istiucAais0 Jloafeich an drstinetion, FRcidloaativ ey ask
include a status arra 1&10 ata‘lgJ arra% 162 ta array 164.
P B!

. , d ) d
As i 10 ustarfgicBanitelagsiedn EY ap forgxs e’ltBé?t%g &ﬁ%‘ﬂ‘?"&?'&%’?ﬁ agagddgst a array
164 storkirth¥ P%gﬂaﬂl Rb@ntér. At efegRtd SRELERNS iR bedilEntfkic¥@¥ belonging to
o&h Th 160 ey

set-associative o | zat i on. e status array
cont ai n enexecutivnreetityfsindedhé vli¢rosdquencer alreidy kaowg( fitor Ohe priogesm cdingsr) the
RPS) that are used by the replacenent and

nggﬁgen%%regéaleﬁﬁ% ng’f igﬁlttﬂ’(s?R.&i‘ZO to replace a cache line; and cache
coherency protRfg! fopbtanplEivaraste with several@BeAdd) w6 br flord MBefendashe
nodul e may be associated with a valid/invalid bit to indicate if the
15  program counters may be used. For example, three program counters PCO, PC1, and PC2
may be associated with microsequencers 430, 432, and 434, respectively. The operating
system may load the initial states of the program counters PCO, PC1, and PC2 so that the
program counters may fetch instructions associated with the different threads. The
combination of PCO and microsequencer 430 keeps track of the program sequence for a first
20  thread, the combination of PC1 and microsequencer 432 keeps track of the program sequence
for a second thread, and so forth. When an instruction pointed to by PC0 is fetched, the CPU
200 knows that the instruction belongs to a first thread having, for example, EID 0. The EID
is then attached to the instruction in the CPU 200 and to subsequently decoded micro-
operations that are stored in the instruction queue 412 for execution by the microsequencer
25 430, 432, or 434 in the sequencer 414.

As shown in Fig. 4, the output port of the sequencer 414 is provided to a pipeline
back-end block 415 that includes various functional units, such as for example, an early
branch execution unit 416, a fast decoder unit 418, an arithmetic/logic unit (ALU) 420, and
an address generator unit (AGU) 422. During execution of one or more micro-operations by

30  the sequencer 414, these functional units may be accessed to perform requested functions.

The pipeline back-end block 415 also includes register files 424, 426, and 428. The
register files 424, 426 and 428 in the CPU 200 correspond to the three EID groups EID 0,



correspondi ng cache location is valid or invalid. Aternatively, the status,

array 160 rra‘y store MESI bits. The replacenent selection bits RPS
may be used WBOPAH®ate which cache line is 15 to be repl a®&d/USPHIZPS
bits nmay be used to keep track of the |east recently used cache |ine

(for LRU repl acenent) or the first entefgd Iline (for FIFO replacenent), as
exanpl es. The cache controller 108 may be inplenented as an
i nt egr at [ ver. C ol its. di.scussed,
when an (4D P abd FIRT ESFERien les 24, 20N ARE v} PP ppehide bomndegupRy

W t h the stanssd repisters) flap segisténs) adagneBbmagorregibiersEiThe vedister fileh@24@R604idi at e
one of 20 theRdz-cz%g’hg nodul es is seLecte toretrieve data fromor wite
dat a t o. 4&8Rre unsated; bythefinchenal units in the pipeiagbasksad dlack 4dA dWFBE RRFTationyal i d
copy of t i ' : ' e I P- :

rodul 0. AVBORARER GheRiyian S kR 1D 1 EE AL T ey alpo s EARRE

conf igur amdependently and dodoasrently. according to sone enbodi mrents nmay have

one or nore of the faoll ow dvant ages. Greater .25, cache managemnment
flexibility mig “t?eﬂla%t?‘ﬁ%?n@?ﬁ@F%Eqﬁ?fis ??F%%%ﬁ‘g?‘{ft,ﬁ%ﬂféw%}?&a’érwéy 7d updat e
pol i cies p%&s&é%?ﬁcuﬁeﬁﬁy %Mﬁ&wﬁﬂl tBé@t aRhPdepeadeicRt atbfg {?regégd)}gtg npul es may

be set to nmprove” cache utilization for correspondin ution
entiti es furgzritbe paiitinle reguesss dapotmeed to utilizerthe sayesifubgtianahbnitpAliongl & 420

dul es t dvant f diff t h i sti
(10 st or E%447% “BRAHR SR HErFapesetsh oa P btro Bt 70 oo e e bR e
30 1ol lfdsi4ea, Ik, hée 428 bS weR Bs the @hdheanSdidesh it methilit &Bhé tehloey Mg bem 10

may be reduced, which na‘i)fr: nprove the cache hit ratio. In addition,
t he nul t 2cqgssed apd updetad pencyyreridin nay of fer hi gh access bandwi dth by

| "57aS! "9 PRt e BEE O b 4 RREbRR Ao T M ESELARO R GRETRRY,
Such conbuffersti? (Gatraadedistions) store datacthstses retrigyvetl dilom oretdipeteddai the BRthe

| atency tgQ h neet the data acce andwi dt h demand
y 484. ’?Lg store and load buaf ers 250 anscls4£ are g\gup ed to axrlr?ntersnal data bus 454 that is
15 coupled to several units, including the PO-cache 102, the P1-cache 104, the P2-cache 106, the
pipeline back-end block 415, and a translation look aside buffer (TLB) 456. '

Addresses of instructions in the instruction cache 406 are fed to the TLB 456, which

is basically a high speed memory in the CPU 200 that translates the virtual address from the
instruction cache 406 into a physical address to access the data cache modules 102, 104 and
20  106.

Based on the multi-unit data cache availability, the control logic 436 in the microcode
sequencer 414 may select an appropriate instruction for processing by one of the
microsequencers 430, 432, and 434. If data access is needed, the microsequencers 430, 432,
and 434 may concurrently access the several modules in the multi-unit data cache.

25 Thus, to improve system performance, multiple instructions may be executed in the
CPU 200 with concurrent access to data in the L1 multi-unit cache 202.

In some embodiments, the control logic 436 of the sequencer 414 may also consider
possible load/store ordering, outstanding data cache refilling, and other issues. For example,
in one embodiment, instructions associated with a request that has been determined to have a

30  high hit ratio may be scheduled first, as may instructions of a real-time constrained execution

entity having high priority.
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of _hi gh- per formance processors. I n anot her enbodi nent,

conpi l ers fogo@uki@pent application prograns may 5  dynam ﬁéh'uﬁwmm
reconfigure attributes of the multi-unit cache nmenory to further enhance
cache performance. For exanple, during operation, statistical
information associated with different -17- execution entities may be
col l ected and stored. Depending on the collected statistical

i nformation, tReferfihitd Big 6sthe keraalfldw ofmhimsmdiohexeayiohaeqivang ectordingi,
for exanple, if . a . . FI FQ repl acene ol Lcy is determ_ned pgt to be
ef f i ci ennEBIPOGIRA Warapiccp-log 0%66{}18208&4)5‘)%%“% 2ier _g?lcé?helos
may be n@bhgétej@Z?)Py ARANEIG 200 BvEaRE AERBRELONOI dné ehfbolififerttdstPAtb& EIDs are

or sone other replacenent policy. This alternative enbodiment nmay provide
t he fl exirbtrieved/with the instofctidys almi anathiey emhadigienty thehassamatéd Glbagieaot sthred

i ndi vj dual  P-cache nodul es i,n nse to how execution entities in
the syst R IRPSArRRaPriGY Rl e felehBd imstructions % shen prapslaiecints ytergl icicsy o
enbodi ”eQ)tperaEBﬁsl @Pbbz%%% th9 8bdedessth gees 08U hith-a bdkespohd ARHI® dBichedRNEEY 202

and associated logic.” The multi-unit L1 cache nmenory i ncludes the three

dat a micreeopsrationp dilieddD mpgebethe onpfetchedhwitipthegagituston opit maysde and 106.

Lsed to. Setruitta ey e EBU 200 hpsrd R EBAES BRad Mot Ao BT HRATY 10 ot

speci f i cahictosbrNcaTeicheEde instabgonf Néttethe thaaslated adehasperliohe stodeddaghee .
For exampl e, such execution entities may be assigned a default EID O by the
oper H i ngnstorction gugueh 1 2{pie3 06).- Thgvaniquo-opgratian 1sithan deltyeteglgo wag obtieassi gned to
store data o) st ] Ntd.t ] L ng - and 2,
Feapect | VAPTElsAGHER0, 4350 434 o oG o F08 ke torl O hiceb ek BT 2,
t han eit hedy ¢duee Pdata@acHeZiccas hejusstne de niade §att316), diefvhidhtcaskad eoreespbrding one

ah f CPU 200 di fi i
115t r atBdhs Bropets moruion s decersed Ppscghan F atesped G451 SPREID 6 drseted PULE 1o
the front,sld@nBbIBORI8 #4d an aggﬁpagé-re&m@t B5ht404 cgﬁé(spt)ﬁ‘&ihg BecRAL[ 1995104,

drivers and receivers, wite buffers, data bus _ ranScei vers, bus
cont kbl |awdD6). Thesdatmarcess reqrest isithencamhpleted inthgessegretliPscacha (at3da).r ol .

The instructi at,h is first described hel ow..lnstructions retrieved .by

{he BRU 404 WeREjn gebotirihs SRRARLTREIAR s Ml B splid mERER LS o iRt S0

nmay be stigediflernplatsd thatShe Malt-giit cache mepsih enad e ddagted tbstprihstictibicot 1

cache 202, The internal instruction cache 406 magémge% 30 copies of the
o]

most  f r edlierentexgeution ensitiesion fushey embodipenthgln e st Herinformation
Instructig 4ied i fie Hﬁgﬁﬁgﬁg&fy}geﬁ%dﬁhnﬁh% the ﬂ{lﬁ&ét{&‘éﬁhe&%@}]&@' n memory 206 or

the L2 cache stored int Instruction cache 406. An

i nst2@cti on buWVhide theridveheiondes beegidisclid8d with respect to a limited number of
embodiments, those skilled in the art will appreciate numerous modifications and variations
therefrom. It is intended that the appended claims cover all such modifications and variations
as fall within the true spirit and scope of the invention.

What is claimed is:



-14- decodes a sele ' ' and associated EID fromthe

i nstruction cache 406 and Iﬁi‘“”llwmmmmme or nore mcro-operations
along with C¥PPUMIdhding EIDs: ¢ L W s = In an alternati PETABY2ABNL
the instructions are stored in different instruction. menory regi ons
of the menory 206 according to differengg El Ds. However, in this 5

enbodi nment, the EIDs are not stored along with the instructions. \Wen the
CPU 200 fetches an instruction, an associated EID is not retrieved.
Instgad, t he EPU 20405}'5583%??91 &8 he EID of the fetched instruction
basezl on the addreapréoessdi;j on where the instruction is stored. This

may be perforned, for exanple, by the decode |ogic 408. Thus, the EID of an
instduction is a plurglily of GxeraE Op SRIHIES S¥eqifAbiT 01 hs PrefessosAenory 1 egi on
the jnstruction is,f fgﬂp@ : : [ ] e CPU
ZOO,Ait can be att%gﬁg %n%ﬁgmgéﬁgﬁi%%uf%?g%&) %’ieg%lgﬁiﬁr%&ﬁgr?gx%t%&c}r ed
in the i nsstoredhifopmatipreaseocidted with requests from a comespending dne 6fithe neudtipdeli ment in

which EIDs are not, stored along with instructions in menory,

nul t® pl e SHYBPRMAEKSNt ers and ni cr osequencers may be included in the CPU
200 that are assigned to corresponding threads. This enbodi nent is
descri bed further below 15 The output port of the instruction

buf fer and de2ode [bgsystetddf alaim befurthernpomprisingarsofiware layénesinptad to aasignueue
412, whi ¢ ores.the mcrosoperatiqgns_al on | th associ at.ed Ds. The

out i pipahrs i e R i aREE Rl oS I bR ARG LR a4 The
sequencer 414 may include multiple mcrosequencer units 430, 432,

and 434 corresponding to the different ElDs. . For exanple, the
nmi crbsequence?- uni Thagctemyf elaim dnfurtherwmprisingaseatslier apemtiyplyrcauplehto 20

255051 2t Bl Wil inBhBrPro LB I CEORERIRISE AR R Yo IR ORISR OCESS

I“oNs "assocl atéd w he i cr osequencer 434

may de cegheq ffoatar exeputhareasity. m cr o-operations associated with EID 2.
The m cro-operations processed by the m cr osequencers 430, 432, and
434 are received fromthe instruction queue 412. According to one

enbodi ment, the m CHOSRMAEBEERSN #,3Pherdia the eXRSutfoentiBiys RBRIde bfocesses.
simul taneously to

1 5. The system of claim 1, wherein the execution entities include threads.
1 6. The system of claim 1, wherein the buffer memory includes a cache memory
2 having multiple cache sections.

7. The system of claim 6, wherein the cache sections are configurable to have

2 different attributes.

1 8. The system of claim 7, wherein the attributes include cache line replacement
2 policies.
1 9. The system of claim 7, wherein the attributes include cache update policies.

1 10. The system of claim 7, wherein the attributes include cache organization.

rm



25 process mcro oper ns associated with different ElIDs. Operation of
the m cr osequgiie m”ﬁﬁﬂ "ﬂﬁmmm 434 are controlled byP@TﬁggM@J,g
l ogic 436 in the seque I n one enbodi nent, the ElIDs
associated with mcro-operati ons ar’e Ori ginally retrieved from nmenory
along with instructions of the different?execution entities. In a further
enbodi nent in which instructions are are not stored along with
instnpuctions, leachTS{ésystBiinwf@mweMmreimﬁrp chehd memponidelntésya mohi-leyelr ed t o
fetch instructions ,of caorrespond ﬂ?g executiqn eﬂtltles Thus, a first

m créseq t&’éﬂ't?éflem@tydﬁé@l?rh%ttl?‘ﬁ%’il% elindpdes ampitiginitcagh megiory having oy o0yt j on
enti gy qmﬁﬁﬁlgr&gc}{gs%&mguencer fetches instructions associated with a
second

- 15 -
execution entity, and so forth. The EIDs of a fetched instruction may t hus
be detern ned hba sed 02. |ch f th mcr ﬁcersfetched Q
Unstiuction 12 Thesystem ghelaimcl i r<EOHTED SRHBES RFOPSSS AAAACIME ber

of ipstr l{GHif?é?éattté}ﬁ‘ﬁorﬁfﬁ]d%ﬁﬁzﬂtlé‘éiht}ncharactensﬁQﬁEn@E%%@Te%éﬂ:@ibn iRongighrd! t,
instruction addresses are sinply increnmented to fetch the 5 next

i nst Buct ibased drftha tgmpryalmndepaieal lecslith ghiamstarisbesanch occurs, then a target
address is specified for the address of the next instruction. Thus,

t he address of the nenory | ocation where the next instruction is
storgd is knows., A pecadedmRracyToliseiRy shdedhavingemlaple ekéaion entities, e t he
program order of instructions. A mcrosequencer works in conjunction with

t he 2 cadmgmamymnrern&o execute instructions. To fetch an instruction,
t he @i crosequencer fetch unit, located in the BFU 404 for
exanple, to fetch aan%X éa?ruc?]fmdrailﬂf/iwth an address stored in the

pr ogdam count er. Thislyraliet ¢feadhe mtwmu;themashmtamtrbﬂeﬂ adiaptetl fto etdresinfdralatogi ng

an execu entlt si hce mcrose encer .already knows (from
Lhe 8 oo AnE Bt Be chsheaRions based KiwRiGS cBrafins oy (5 1T ABeY b Asooiated

Thus ¢ forysgxanpl e, given a systemw th several threads, two or nore
i ndependent 15 program counters nmay be used. For exanple, three program
counters PCO, PCl, and PC2

1 14.  The cache memory of claim 13, wherein the cache controller includes storage
2 elements programmable with identifiers to identify the one or more execution entities that

3 each cache section is associated with.

15. A method of setting up a cache memory having multiple cache sections, the
cache memory located in a system having multiple execution entities, the method comprising:
assigning an identifier to each execution entity based on which of the multiple
cache sections is to be used for the execution entity; and

configuring each of the cache sections based on the cache usage characteristics

AN R W

of the one or more execution entities assigned to the cache section.

—

16.  The method of claim 15, wherein the configuring includes setting attributes of

2 each cache section.

1 17. The method of claim 16, wherein the attribute setting includes setting a

2 replacement policy for each cache section.



may be associ at ed W|th m cr osequef& 430, 432, and 434, respectively. The
operating syst e itial states of the program counters
PCO, PC1, aW@“P@iWQo I@U!iogram counters may f etRGT/USIIRI248t i ons
associated with the di ffe’reri-t tM conbi nati on of PCO and

m crosequencer 430 keeps track of the fyogramsequence for a first 20
thread, the conbination of PClL and mcrosequencer 432 keeps track of the

h =)
nefract  on g8 nt Jaemtt cin e Bl F2 B8 ehtos Mllon SRR R 1t (e

inspr uchbwep@ll,%qggeé&@cﬁdgegﬁoﬁ hr ead haV| ng, for exanple, EID 0. The EID
is then attach to the instruction in the CPU 200 and to subsequently

decoded m cro- operations that are stored in the i nstruction queue
412.for execygi on b t he he
seqbencer a1 5 Xlemory@bgysgéﬁﬂ'ﬁg%ﬁrmﬁ%négéiﬂipl ¢& Ou %ﬁlglg%gll%f the
seqmencg&neﬁt&mmmﬁ@m; égabrisingd pi pel i ne back- end bI ock 415 that

incl udes various functional units, such as for exanple, an early

brahch execution @spPRtrolles; and f ast decoder unit 418, an arithmetic/logic

uniy (ALU) 420, a y dheRPhAARE Al Dle blltfers, (AQY) 422. During
exe{‘:utl on of one g?nur%%rugltnbl%?regﬁopeézl ons byi(ﬁ e0 %e sequencer 414, these
fungtional units mmycobtoRercdsysted id selqueofoofithe bufifiers testofelinfonneticn

The pi peline back-end bl ock 415 al sa incl udes ister files 424 426, and
156 Thassosiated WLLURERITON SESA IR, Y ASb SSErHITSHTh S eI TBERELP eapond ¢ o
the three EID groups EID O,

-16- EID 1, and EID 2. The register files 424, 426 and 428 may each
i nclude cont 208l r &be stesrosy SubSyStem of cleirnd Oy whersinghe cortrodlgr imelyides gprage and

ot oo BB REoTETEPT RS ctrh b AR bl b PRoatStmafid s Blfy derspyine ¥, 77

opes at | @xucution entitiedccor di ng to one enbodi nent, the register files 424, 426,
and 428 may al so be accessible 5 i ndependently and concurrently.




Innthe'illustrated_enbodinent, requests associated wth different El Ds may

be pPRe’ssadgeconcurrently provided that there are no dePEERRGLIAS
anong the requests, and further, the multiple requests do not need
to utilize the sane functional units 416,418, 420, and 422. During

concurrent operation of the nicrosequen1¢5é 430, 432, and 434, the register
10 . files 424, 426, and 428 as well as the cache nodules in the nmulti-unit
cache nmenory may be accessed and updated concurrently.

In the data path of the CPU 200, a store buffer 450 (for wite operations)
and a | oad buffer 452 (for read operations) store data that are
retrievedebromor targeted for the BFU 404. The store and | oad
buffers 459 and 45; are coupi¢ed to an internal data bus 454 that is 15
coupl ed te»severaSunits, ing uding the PO-cache 102, the Pl-cache 104, the

P2-cache 6 the™y pi pg i ne back-end bl ock 415, and a translation
| ook asid§§ﬁ§ffer TLB) 456.¢ Addresses of instructions in the
instructi ¢ga sgache 446 are1%£§to the TLB 456, which is basically a

hi gh spee ?ﬁnnry in the CPU00 that translates the virtual address from

t he structi che 406 into a physical address to access the data
cache noddl e 104, 104 d 2¢ 106. Based on the nmulti-unit
data cacheg ayjail gbility,|thelcontrol logic 436 in the m crocode

sequencer |414 mayf select| an appropriate instruction for processing by one

of the mYr aseggiepcerd 430, 432, and 434. If data access ®s needed,
the m crogeque 432, and 434 may concurrently acggss the
sever al duf eg ltiqunit data cache. 25 Thusitt o
i nprove sy|st gm|p¢g e, nultiple instructions nay be executed in the
CPU 200 wiift h{ cgn ccegs to data in the L1 nulti-unit cache 202.
I n some enpofi fent s contjrol logic 436 of the sequencer 414 may al so
consi der pos&bl e | oadfstore ordering, outstanding data cache
refilling,| ahd|ot her issues. |For exanpl e, i n one enbodi nent,
i nstructi ons| agsoe WM thija request that has been determined to have a
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- 17 - Referring to Fig. 5, the general flow of an

i nstruction execution sequence according to an enbodinent is

il lustratedWPA¥E48Iti ons are fetched frommain menory 206 oPCTASIYEI49
204 (at 302) by the CPU 200 over the host bus 203. In one enbodinent,
associ ated EIDs are retrieved w ?y he instructions. |In another
enbodi nent, the associated EIDs are no ored 5 and thus are not
retrieved. The fegtched rugiions are then translated into internal

m cr o- oper g Eﬁ) by the decoder stage 408, with a
corresponding El ‘ eht QJeack m cro-operation. The EID may be
the one fetghed w §©n or it may be determ ned by the
CPU 200 bagdad on th§ Eﬁdr- S aon_of the instruction or which

Pn§truction queue 412 (at 306). The
i$ thenfdeliveyed to ape Jof the m cr osequencers 430,
[ ution of the mcro-operation
be made (at 310), in which case a

cf-k:ache controller 108 and an
n@ P-cache (102, 104, 15 or

106) . then cpnpl gt&d in the assigned P-cache (at
312). §t¥ibed include a multi-unit
cache nenory to [ X Pl ated that the &l ti-unit
cache nenory toons of dlf?%rent
execution dntiti i n such enbodi menjg

informatio [

instructions

di scl osed t hgse
skilled in apigeci ale nuner ous at i ons
therefrom |It i®Nintended that the appended jelai+ o€ fer] all such
nodi fi catigns and vari ati ons as fall within fﬂé:%rue spirit and scope
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-18- 1 . . 1. A system conprising: 2
processor; 3yo 00/34870 a plurality of execution enti

execut abl e on the processor; and 4 a buffe%bﬁ@rsf%g/vug
having nultiple buffer sections, each buffer section adapted 5 to store
information associated with requests fr3ﬁ5a correspondi ng one of the

multiple 6 execution entities. 2. The systemof claim
1, further conpr a software dapt ed to assi identifiers
to the executi onsiféi ifiers and‘hW@ gn each buffe id&t dan
identifier. 1 array 3. Thrraystem of claim 2, appaywr conpri sing
a controller operatl vely coupled to 2 e buffer nmenory

é o sel ef one of
t he buffer sections based on _an dentlf/_é associated with a 3 / uest
from an executi nkilty. ] The|systempf dl ai r

wherein the exegutiloh lentiti i sses. 1 ) The
—adr e N tE
£ 1 2y

syst em of cl ai -If Lentli ties nclhde khraads 1
) The s%i; f—Hai m 1, pwhkeerntha—buHf er e fBsy ~ncluddgds—alcache
rrermry 2 —\)\I 1] :tlple teche—se tuﬂﬁe—

Status bits Tag address bits Data bits

FIG. 3



1 7.

configurable to have 2 different attributes. 1 - 8.
system of cMOewv3A870Wherein the attributes include cache |inePEENSE¥ARENt 2
pol i ci es. 1 9. The system of claim7, wherein the

attributes include cache update poli ci
of claim?7, wherein the attributes inc

2033

T
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i ncludes a nulti-

i ncludes a nul ti -

12. The system
according 2 tg
and each buffer s
spatial locality

The system of claim6, wherein the cache sections_ are

1
Wée cache organi za
The systen1of cIa|n16 wherein the cache nenory

10.

tion.

CAULTTC  TTeTTUId _yA

uni t cache pennry bhaving 3

mllflplp

of claim1, wher t hel execution entit
di fferent tenpéﬁg? angFBp tial locality char
ection is configuredt3—g—bhased on the tenpor
charactenistic§; v "
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1 . 13. A cache nenDry for use in a systemhaving multiple

executlon entid ¢ozaas7ot he 2 cache nenory conprising: 3 PCT/US99721249 &
cache controller; and 4 a plurality of cache "secti oﬁ

the cache controll er adapted to store i rmati on 5 in one of the cache

sections based on which execution entitglghe i nformation is associated 6

W t h. 1 14. The cache nenory of cl-aim 13, wherein the cache

controller includes storage:2 el enents programable with identifiers to

identify the one or nore execution entities that 3 each cache section is
associated wth. 1 15 A et hod of settlng up a cache nenory

y at-ad in a system
onprldang 3

havi ng nul ti pl e cache se Q 2 cache ne+#®s

having nultiple exec tHNﬁFBUGHONh t he nmet hod

assigning an identif\er $EQBENCE€X6'Ut'O” entit on MhIC'
mul tiple 4 cache s%w g#0e used for

base

characteristics 6 —of—theYone Qr_popre exe(
cache section. 1 16.
configuring ino? settﬁﬁiG&ttrlb tes of 2Ng
17. The met hod of ST

setting a 2 r epl ene pollcy

fdr each cach~

h 4

TRANSLATE
304~  FETCHED ACCESS
INSTRUCTIONS INTO conmiGURATION |
MICRO-OPERATIONS INFORMATION

STORE MICRO-

306~ OPERATIONS IN assicnep V0%
INSTRUCTION
QUEUE
ASSIGN CACHE |/—908

308, ACCESS
MULTI-UNIT
CACHE

ATTRIBUTES

310—~|  COMPLETE ( contnvue )
N DATA ACCESS
REQUEST FIG. 6
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setti
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The nmet hod of claim 16, wherein the

policy for each cacheﬁ?~ 1
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(57) Abstract

A system inlcudes multiple program execution entities (e.g., tasks, processes, threads, and the like) (258, 260) and a cache memory
(100) having multiple sections (102, 104, 106). An identifier is assigned to each execution entity. An instruction of one of the execution
entities (258, 260) is retrieved and an associated identifier is decoded. Informations associated with the instruction is stored in one of the

cache sections (102, 104, 106) based on the identifier.




