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PROCESSOR METHOD AND SYSTEM FI ELD [00011 The di scl osed subject matter
relates to data communi cation. More particularly, this disclosure relates
to a novel and inproved nethod and apparatus for variable interleaved
processi nQVQWOQO%“tlthreaded processor system  DESCRPPTUSNIE@ITRIE
RELATED ART [ 00021 A nobdern day comruni cations system nust support a
variety of applications. One such comtuni cati ons systemis a code
division multiple access (CDMA) systemthat supports voice and data
comuni cati on between users over a terrestrial link. The use of CDVA -
techni ques in a VARIABLE PEREREEAVRDNIUIITHREAYHIFPROCIESGROSEd in U S
Pat. No. 4,901, 307, entitled "SPREAD SPECTRUM MJLTI PLE ACCESS

COVMUNI CATI ON SYSTEM USI NG SATHEIHGD AXD BYSREYFRI AL REPEATERS, " and U. S.
Pat. No. 5,103,459, entitled "SYSTEM AND METHOD FOR GENERATI NG WAVEFORMS
IN A CDVA CELLULAR TELEHANDSET SYSTEM " both assigned to the assignee of
the cl ai med~<% ’j ect matter. [00031 A CDVA systemis typically designed to
conform to[opeipr norehe ditcdda@Ewsect MaterylaRs td d8d c@gnekididanvetandard is
the "TIAIEI A 1S 95 Term nal -Base Station Cbnpatlblllty St andard for
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voi ce data and packet ta. A newer generation sta ard that can nore

efficiently transmt packet data |s offered by a consortium naned
" 3' dGener aDESECRIPITONOE Rid ALK BP. P) and enbodied in a set of

docunents i ncI udi ng Docurrent
[0002] A modern day communications system must support a variety of

applications. One such communications system is a code division multiple access
(CDMA) system that supports voice and data communication between users over a
terrestrial link. The use of CDMA techniques in a multiple access communication
system is disclosed in U.S. Pat. No. 4,901,307, entitled "SPREAD SPECTRUM
MULTIPLE ACCESS COMMUNICATION SYSTEM USING SATELLITE OR
TERRESTRIAL REPEATERS," and U.S. Pat. No. 5,103,459, entitled "SYSTEM AND
METHOD FOR GENERATING WAVEFORMS IN A CDMA CELLULAR
TELEHANDSET SYSTEM," both assigned to the assignee of the claimed subject
matter,

[0003] A CDMA system is typically designed to conform to one or more
standards. One such first generation standard is the "TIA/EIA/IS-95 Terminal-Base
Station Compatibility Standard for Dual-Mode Wideband Spread Spectrum Cellular
System," hereinafter referred to as the IS-95 standard. The IS-QS CDMA systems are
able to transmit voice data and packet data. A newer generation standard that can more
efficiently transmit packet data is offered by a consortium named "3 Generation
Partnership Project” (3GPP) and embodied in a set of documents including Document
Nos. 3G TS 25.211, 3G TS 25.212, 3G TS 25.213, and 3G TS 25.214, which are readily
available to the public. The 3GPP standard is hereinafter referred to as the W-CDMA
standard.

[0004] Digital signal processors (DSPs) are frequently being used in wireless
handsets complying with the above standards. Hardware multithreading is becoming a

potentially useful technique in such DSPs, Several multithreaded DSPs have been
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handset opebaletRfe ARARE Sfiste ScSicERY €56y Ke., power over time). This is because
multimedia wireless handsets are and will be consuming increasing amounts of battery
or power source energy. For example, a wireless handset providing live television
broadcast reception requires the wireless handset to consume battery energy
continuously, as opposed to intermittently such as occurs with normal two-way call
traffic. The multithreaded DSP for wireless handset operations addresses this concern of
efficiently using power sources by processing instructions for as many processor cycles
as possible using the present processing architecture. However, problems with existing
approaches yet exist.

[0007] An important problem to solve in multithreaded DSPs relates to the
thread scheduling, i.e., the way in which a DSP determines how to switch processing
between threads. Unfortunately, it often occurs that different application mixes may be
optimal at different switching intervals. For example, for a DSP with N threads, it may
be optimal to switch every cycle. For another DSP with N/2 threads, switching every
two cycles may be optimal. In some situations, the same application may be optimal
with one switch interval during one part of the application, and a different one during
another part. There is a need, therefore, for a method and system that solves a variety of
resource use problems associated thread switching of multithreaded digital signal

| processing,
[0008] Attempts to solve these problems have been unsuccessful, due to

traditional DSP architectures being set or established for a specific or inflexible



efficiently using power sources by processing instructions for as many
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DSP process user orientation, scientific, and nultimedia applications, as
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mul tithreadSUMMARM i ons provides a workable solution. Accordingly, a
need exists for a wireless handset nultithreaded DSP capabl e of opti nal
operations [0009] Techniques for variable interleaved processing with a multithreaded

processor system are disclosed for improving both the operation of the processor and
the efficient use of wireless handset energy resources by assuring that a multithreaded
processor processes instructions for a maximal portion of its operational time.

[0010] An embodiment of the disclosure provides a method for processing
instructions on a multithreaded processor. The multithreaded processor processes a
plurality of threads operating via a plurality of processor pipelines associated with the
multithreaded processor. The method includes the steps of predetermining at least one
triggering event for the multithreaded processor to switch from a first thread to a second
thread. The triggering event is variably and dynamically determined to optimize
multithreaded processor performance. The method and system process a first set of
instructions from a first thread until the occurrence of the tri ggering event. Switching
the multithreaded processor from processing the first thread to processing a second
thread occurs upon the triggering event. Processing a second set of instructions from
the second thread continues until the next occurrence of the triggering event. The
method and system continue the processing and switching steps until the multithreaded
processor processes all sets of instructions requiring processing are processed from the
plurality of threads.

[0011] The triggering event may be a dynamically determined number of

processor cycles, the number of which may be predetermined to optimize the
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methods, features and advantages be included within this description, be within the

scope of the accompanying claims.
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FI GURE 2 i|Mg8¢8des a DSP architecture for carryl ng forth the

[0017] FIGURES 7 through 9 are flow diagrams depicting various processing

flows that may effect the different embodiments of a variable multithreaded processor

method and system.

DETAILED DESCRIPTION OF THE SPECIFIC EMBODIMENTS
[0018] FIGURE 1 is a simplified block diagram of a communications system

10 that can implement the presented embodiments. At a transmitter unit 12, data is sent,
typically in blocks, from a data source 14 to a transmit (TX) data processor 16 that
formats, codes, and processes the data to generate one or more analog signals. The
analog signals are then provided to a transmitter (TMTR) 18 that modulates, filters,
amplifies, and up converts the baseband signals to generate a modulated signal. The
modulated signal is then transmitted via an antenna 20 to one or more receiver units.
[0019] At a receiver unit 22, the transmitted signal is received by an antenna
24 and provided to a receiver (RCVR) 26. Within receiver 26, the received signal is
amplified, filtered, down converted, demodulated, and digitized to generate in phase (I)
and (Q) samples. The samples are then decoded and processed by a receive (RX) data
processor 28 to recover the transmitted data. The decoding and processing at receiver
unit 22 are performed in a manner complementary to the coding and processing
performed at transmitter unit 12. The recovered data is then provided to a data sink 30,
[0020] The signal processing described above supports transmissions of voice,

video, packet data, messaging, and other types of communication in one direction. A bi-
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presented. In DSP 40, therefore, threads TO through TS5 (reference numerals 42 through

52), contain sets of instructions from different threads. Circuit 54 represents the
Instruction access mechanism and is used for fetching instructions for threads TO
through T5. Instructions for circuit 54 are queued into instruction queue 56. Instructions
in instruction queue 56 are ready to be issued into processor pipeline 66 (see below).
From instruction queue 56, a single thread, e.g., thread TO, may be selected by issue
logic circuit 58. Register file 60 of selected thread is read and read data is sent to
execution data paths 62. for slot0 through slot3. Slot0 through slot3, in this example,
provide for the packet grouping combination employed in the present embodiment.

[0022] Output from execution data paths 62 goes to register file write circuit
64, also configured to accommodate individual threads TO through T, for returning the
results from the operations of DSP 40). Thus, the data path from circuit 54 and before to
register file write circuit 64 being portioned according to the various threads forms a
processing pipeline 66..

[0023] The present embodiment may employ a hybrid of a heterogeneous
element processor (HEP) system using a single microprocessor with up to six threads,
TO through T5. Processor pipeline 66 has six stages, matching the minimum number of
processor cycles necessary to fetch a data item from circuit 54 to registers 60 and 64.
DSP 40 concurrently executes instructions of different threads TO through TS5 within a
processor pipeline 66. That is, DSP 40 provides six independent program counters, an

internal tagging mechanism to distinguish instructions of threads TO through T5 within



di rectional conmunications system supports two-way data transm ssion.
However, the signal processing for the other direction is not shown in
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subject matter. In particular, FIGURE 3 presents an instruction issue vs. processor

cycle diagram 70 for IMT operation of DSP 40.

[0026] FIGURE 4 shows diagram 72 relating to VIIMT operation of the
present embodiment.

[0027] FIGURE 5 shows diagram 74 for one embodiment of VSOEMT
operation with DSP 40.

[0028] FIGURE 6 further presents diagram 76 to show the benefits of
combining the VSOEMT processing with VIIMT processing.

[0029] In all of FIGURES 3 through 5, empty issue slots, such as empty slot
78 (FIGURE 3) can be defined as either vertical or horizontal waste. Vertical waste 80
occurs when DSP 40 issues no instructions in a cycle, i.e., there is instruction issue

stalling. Horizontal waste 82 occurs when DSP 40 fills only a non-

slots available at a given cycle.

empty subset of the

[0030] As FIGURE 3 shows, IMT performs a thread switch TS by switching
the processed thread at every cycle, regardless of whether a long-latency event occurs

As such, DSP 40 resources are interleaved among a pool of ready threads, TO through
T5, at a single-cycle granularity.
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six threads, TO through T5. Processor pipeline 66 has six stages,

mat chi ng tWO 284609984 nunber of processor cycl es necessEryus2006foed7sh a dat a
itemfromcircuit 54 to registers 60 and 64. DSP 40 concurrently executes
instructions of different threads TO thgough T5 within a processor

pi peline 66. That is, DSP 40 provides six independent program counters an

internal ta rrech [

t hrough T5 \%?ﬁ\"?n WO %88‘6 %@1‘9'8@1@1‘{!é 5@%6%@?8@’3‘5?8{5&@“38%@%@% [ pel I ne
66, and a ravdiching gha dmwwalhyg@@nmnad interea thesevihiresh(3) fiforesaa-cywles.A¥ote over head
varies fro [ 0241 Th sent _enb

T sty SRR @ brdeliol SRIGMELERer 4 A D RERSE Rorn RS MR o
nunber of CI%EKGURE Eﬁepldwme@kcﬁ:essw Eyfeles e int@uti6reRQR ceburfing Wéﬁeirﬁﬂé ar
event, such .as an external nt. Such, an,external event mm f or

exanpl e, ATERFTINE CXAN & ‘i? Y defernined sech as acachepissor lpﬁnﬁcée misshds syst em

may i Ssue afanbbE@h! HP brocedHecleNb&ivEDhredB Ywighel 989 FRIm fub ) @JciBS0an
external event to Initiate thread swtchin Therefore, for "exanple, with

a process r‘é‘éw‘i"#el (hheysleg prchiag dmthe |§V@(§ ebvastical wegen asis, alth@uglpthe sléagtam
enbodi ment rﬁﬂérq@ K*efc%v%@%l ﬁfq%éssép%efe%e%& ctloﬁ ?our ces for one
cyc | On

mllion cloc ter one m cl es Cessor may
swi tch t he dizgoahythd event majdnarmoalltbedamxmwmnmrthd: pﬁebﬁmaﬁbomﬁlethtlmext contr ol

thread req onl t hous cles n t he

enbodi nent L{ha@ %8 Pa(% % F%asgff g‘g@ﬁi’ Ccuf)rﬁsfap SS?e@qmpl?’zfﬁ&ﬁ

t housand cl tﬁ@d!onmiﬁdtﬁﬁ of Q’SUEJIT Bﬁ&ﬁﬂl\/ﬂf QDb dtily GhURESs otk RERLA R BreShaW

I nstruction i ssug rocge(qsor cle diagrans for displ aysﬁm%l certain
aspects of MOHEORjaWagiGs The s ng thﬁécug%%mpm@ Jdpyj xwea I'n
particul ar g &akdddREor oPEt@éﬁ‘é?&t?onﬁf‘cgcf&t ruction i ssue vs. processor cycl e

di agram 70 f or I'MI operation of
[0032] The VSOEMT process of the present embodiment dynamically selects

the type of event that may result in a thread switch. Usually such a situation arises when
the instruction execution reaches a long-latency operation or a situation where a latency
may arise. Such events are described below to illustrate the flexibility of the present
embodiment.

[0033] For example, the VSOEMT process may execute a switch-on-cache-
miss process that switches the thread if a load or store misses in the cache. In such a
process, only those loads that miss in the cache and those stores that cannot be buffered
have long latencies and cause thread switches. The switch-on-signal process switches
thread on the occurrence of a specific signal, for example, signaling an interrupt, trap, or
message arrival. The switch-on-use process switches when an instruction tries to use the
still missing value from a load (which, for example, missed in the cache).

[0034] Another event that may be dynamically determined for which switchin g
may occur is a conditional-switch, which couples an explicit switch instruction with a
condition. In such a process, a thread is switched only when the condition is fulfilled,
otherwise the thread switch is ignored. A conditional switch instruction may be used,
for example, after a group of load/store instructions. In such an instance, the thread
switch is ignored if all load instructions (in the preceding group) hit the cache.

Otherwise, the thread switch is performed. Moreover, a conditional switch instruction



[0026] FIGURE 4 shows diagram 72 relating to VIIMI operation of the
present enbodi nent. [00271 FIGURE 5 shows di agram 74 for one enbodi nent of
VSOEMI operation with DSP 40. (00281 FIGURE 6 further presents diagram 76
t o show t hwoResdPP8s of conbi ni ng the VSOEMI processi necmus2000xodigy! T
processing. [00291 In all of FIGIRES 3 through 5, enpty issue slots, such
as enpty slot 78 (FIGURE 3) can be defined as either vertical or

hori zontal waste. Vertical waste 80 ocCurs when DSP 40 issues no
instructions in.a cycle,. i..e.. there.js instruction issue stallin
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thread contains. While multithread operations occur, VIIMT process tests, at query 96,
whether the predetermined number of cycles has been reached. If so, then process flow
goes to step 98, at which point DSP 40 switches from processing the first thread to
processing a second thread. Thereupon, process flow goes to step 100 for DSP 40 to
process the new thread. In VIIMT process 90, flow continues back to query 96, always
verifying the number of processor cycles. Now, if the number of processor cycles has
not yet been met, then VIIMT process 90 continues to query 102 for testing whether
multithread operations are complete. If so, process flow goes to step 104 for terminating
multithread operations. Otherwise, process flow continues to step 100 for continuing to
process the current thread.

[0036] FIGURE 8 shows VSOEMT process flow 120, which begins, as did
VIIMT process flow 90, with step 92 at which DSP 40 may be considered as initiating
multithread operations. Process flow then proceeds to step 122 whereupon VSOEMT
process flow 120 dynamically determines a triggering event. Once the triggering event
has been determined, process flow continues to query 124 for testing whether the
triggering event has occurred. If the triggering event has occurred, then process flow
continues to steps 98 and 100 for, respectively, switching the thread and continuing with
DSP 40 thread processing. Otherwise, process flow continues to query 102 and
otherwise operates in 2 manner similar to VIIMT process flow 90 of FIGURE 7.
[0037] FIGURE 9 details the process flow 130 deriving from combining the
beneficial operations of VIIMT process flow 90 with VSOEMT process flow 120. The



[ instances vertical waste 84 may occur. As can be seen, in
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embodiment uses the thread interval counter and the dynamically determined number of
cycles to determine which thread runs next. This embodiment addresses the problem of
improving the DSP performance by dynamically changing the thread interval counter to
optimize the DSP to a given application or application mix. The thread interval counter
may be changed dynamically during different stages in application operation to achieve
an optimal interval.

[0040] The embodiment including a VISOEMT method and system, in
summary, provides for variable event-based switching in combination with the
operatjon of the thread interval counter. Thus, with the dynamically programmable
thread switch counter, when the number of cycles reaches the dynamically determined
thread switch timeout value or cycle count, the processor switches to the next thread.
The thread interval counter may also be disabled by software, in which case the
processor becomes a pure SOEMT processor. As a result, this embodiment allows the
multithreaded processor to serve as both an SOEMT and IMT processor as the various
applications that a processor may require.

[0041] The processing features and functions described herein can be
implemented in various manners. For example, not only may DSP 40 perform the
above-described operations, but also the present embodiments may be implemented in
an application specific integrated circuit (ASIC), a microcontroller, a microprocessor, or

other electronic circuits designed to perform the functions described herein. The



thread switch, instead of inplenenting the swi tch-on-use nodel. [0035]
FIGUREs 7 through 9 present flow diagrans depicting various exanples of
the variable multithreaded processor nethod and system of the present
enbodi nent. Referring to FIGURE 7, VIIMI process 90 may be thought of as
begi nni ng WP 209689985 at whi ch point DSP 40 mul tithr ead RCTBPEPUINTAL
initiate. At step 94, VIIM process 90 dynamcally predeterm nes the
number of cycles at which ASP 40 switchgs froma first thread to a second
thread. The nunber of cycles determned at step 94 nay be considered as a
triggering determ 0 optlmze
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verifying the nunber of processor cycles. Sl ﬁ rgo processor
cycl es has Cﬁ@*ﬂ“?‘ét‘“@éhﬁpmpleiMmowllfwulpsdts@ls&ed%reuont| nues to query 102
for testing whether nultithread operations are conplete. If so, process
flow goes to step 104 for terminating nultithread operations. O herw se,
process flow continues to step 100 for continuing to process the current
thread. [0036] FI GURE 8 shows VSOEMI process flow 120, which begins, as
did WVIIM process flow 90, with step 92 at which DSP 40 may be consi dered
as initiating - nmultithread operations. Process flow then proceeds to step
122 whereupon VSOEMI' process flow 120 dynam cally determ nes a triggering
event. Once the triggering event has been determ ned, process flow
continues to query 124 for testing whether the triggering event has
occurred. If the triggering event has occurred, then process flow



continues to steps 98 and 100 for, respectively, switching the thread and
continuing with DSP 40 thread processing. O herw se, process flow
continues to query 102 and otherw se operates in a manner simlar to

VII Ml process flow 90 of FIGURE 7. [ 00371 FIGURE 9 details the process
flow 130 deriving from conbining the (peneficial operations of VIIM
process flow 90 with VSCEMI process flow 120. The WO 2006/ 099584

PCT/ US2006/ 009782 10 conbi nation of both the triggering event at step 122
wi th the nunber of processor cycl gsL&atMS8tep 94 even further enhances

mul tithread operations for DSP 40. [00381 The discl osed subject matter
denonstrates a substantial degree of flexibility when the various threads
of a multithreaded processor demand differing anounts of processor

resources. Thusa nhdthdd®r BrR&singhAdiruti R lonAf milRiiH-Eaded bRRSssON Rne  thread
requires a greater proportion of processor resources, the present
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processor, that includes a thread interval counter. The thread interval
counter CYRHSSRE a dynamical |y deternined nunber of cycles that each
thread runs before switching to the next thread. The thread interval
counter may béyigpuedlbdlesrminiyhaittashonefridgarimgeivergdobiyie softitherdsd such as
system software. The process of such enbodi nent uses the thread interva
count er argesshetodyvimhiival 4 firstdérednd nsetond tiherd, efid tripgetiegetent Bghaer M ne
whi ch thread runs next. This enbodi nent addresses the probl em of

| mpr ovi ngaridbéy AXTRIypemicalraaeenibyd Sypamifalck BHrfilRB G 03 hilGtHdydead interval
counter to optimze the DSP to a given application or application m x.

The threagctpberval counter may be changed dynamically during different
stages in application operation to achieve an optimal interval.

processing a first set of instructions from a first thread until the occurrence of said
triggering event;

switching the multithreaded processor in processing from the first thread to
processing from a second thread upon the occurrence of said triggering event;

processing a second set‘of instructions from the second thread until the occurrence
of a said triggering event;

switching the multithreaded processor in processing from the second thread to
processing from a next thread upon the occurrence of said triggering event;

continuing the processing and switching steps during the operation of the

multithreaded processor.

2. The method of Claim 1, wherein the dynamically determining step further

comprises the steps of:



[ 0040J The enbodi ment including a VI SOEMI net hod and system in sumary,
provi des for variable event-based switching in conbination with the
operation of the thread interval counter. Thus, with the dynamcally
programuabl e thread switch counter, when the nunber of cycles reaches the
dynam cal ly determ ned thread switchj4inmeout value or cycle count, the
processor switches to the next thread. The thread interval counter may

al so be disabled by software, in which case the processor becones a pure
SCEMT pr ocessdynanAsally deesmiting stHest endraidgarmntevadtlfone thetithreaddd t hr eaded
processor to serve as both an SOEMI and | MI' processor as the various
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and functions described herein can be inplenmented 1n various manners. For
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or ot herd Egg\tng%%%nog)(t:&é%ertgﬁip%rg&] e"‘é’%ég%eée ?‘8[“3‘“&? f efi r%r?cﬁ%s,of’_uﬁqg}i ons descri bed
herein. The WO 2006/0995§%rPﬁ§éU82006/003%§2 11, foregoi ng description of

the preferred @Hb8ai e &yclrsiopfegingamerhetiapid cawfed per son
skilled in the art to make or use the clainmed subject matter. Various
nodi f i caflBRY A praceeseecemssar#e Heredeiarmingd nemben of pagnsssoe ayclesothetrds e
skilled in the art, and the generic principles defined herein may be .
appl i ed egalisheg tenprestinpenf ®idwighoing eveie use of the inventive faculty.
Thus, the cl ained subject natter is not intended to be |imted to the
enbodi ments shown herein but is to be accorded the w dest scope
consistent with the principles and novel features disclosed herein. 12
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processor, the
comprises the steps of:
dynamically determining at least one triggering event for the multithreaded
processor to switch from a first thread to a second thread, said triggering event
associating with a variably and dynamically programmable event, said variably and
dynamically programmable event determined to optimize the performance of the
multithreaded processor; and
monitoring events occurring during the processing of each of the plurality of

threads for determining the presence of said variably and dynamically programmable

event, thereby establishing the presence of said triggering event.

4. The method of Claim 1, further comprising the step of determining said at least

one triggering event to be a cache miss occurring during the processing of the plurality of

threads.



mul tithreaded processor for processing a plurality of threads operating
via a plurality of processor pipelines associated with the nmultithreaded
processor, the method conprising the steps of: dynam cally determ ning at
| east one triggering event for the nultithreaded processor to switch from
a first thread to a second thread, sajgd triggering event being variably
and dynamcally determ ned to optim ze performance of the multithreaded
processor; processing a first set of instructions froma first thread

until the occarTlenaehod o8@iath 1§ furtgetointpgisiayg et stepsod deeddmitdng $36d at least

mul tithreaded processor in processing fromthe first thread to processing

froma segsonbotiieadntpR ohMEstQEGIH hRPE&URInSHIrtgtihd SO8SLIRG ofMRNt ;
processi ng a second set of instructions fromthe second thread until the

occurrenﬁgudg§opm§%hg triggering event; switching the nultithreaded
processor 1 n processing fromthe second thread to processing froma next
t hread upon the occurrence of said triggering event; continuing the
processi ng and switching steps during the operation of the nultithreaded

processor. 2. The nethod.qQf Claim1l, wherein the dypam cally determ ning
step further Oc W?té%‘goﬁ@lé“’%tle%ﬁgthﬁff@mﬁ‘émgglﬁn%‘?ﬁ Qfé{Q’Fe&mH\é@geW #Hileast at

| east one triggering event for the nmultithreaded processor to switch from
a first ORERECHRE Qyeridedsad stanpbiRaperéaiming & $veiérdramgjgra) errcessdfesoci ati ng wi t h
a nunber of processor cycles, the nunber of processor cycles being

det er mi neditttongiyoinrhiddirstibrepé rof eidwnoel tbfead.he nul tit hreaded processor; and
counting the nunber of processor cycles for determ ning whether said
counted nunber of processor cycles equals the predeterm ned nunber of
processor cycles, thereby

7. The method of Claim 1, further comprising the step of determining that an
instruction has attempted to use a missing value from a load as said at least one triggering

event for performing a switch-on-use process for switching from said first thread to said

second thread.

8. The method of Claim 1, further comprising the steps of:

dynamically determining a second triggering event for the multithreaded
processor to switch from a first thread to a second thread, said second triggering event
being variably and dynamically determined to optimize performance of the multithreaded
processor; and

selectably and dynamically controlling whether the occurrence of said at least one
triggering event or the occurrence of said second triggering event controls the switching
of the multithreaded processor in processing from the first thread to processing from the

second thread.



establishing the presence of said triggering event. 3. The nethod of Caim
I, wherein the dynamcally determning step further conprises the steps
of: dynam cally determ ning at | east dne triggering event for the
mul tithreaded processor to switch froma first thread to a second thread,
said triggering event associating wiith a variably and dynam cally
programmabl e event, said variably and dynam cally programabl e event
determned to optim ze the performance of the nultithreaded processor;
and noni t ori n§. avedtityredeldigitdgigial progessdidonrocessg agludlite atthraafis t he
plurality of threads for determ ning the presence of said variably and
dynam calopsratmogn ampiablite of proeedsor pipdinebysseditad vith hhergukitigeqtedsence of sai d
triggering event. 4. The method of Caim1l, further conprising the step of
det er m nipR@esat, do@pridig@st one triggering event to be a cache miss
occurring during the processing of the plurality of threads. 14 5. The
nmet hod of d aj , r LSl . 1.njng said at
| east one tri g{gpggsifﬁg%@@ﬁ%al?%@hgﬁ%ﬁg‘%}%ﬁ%ﬁgﬁgf#g?/%{é?ﬂgr}bl@ng during the
processin the plurality. of.thr . 6,. The thod of. Claim1, further
conpri si Rgl “?[ﬁlee%%etdéoﬁg%efssoéé?se lrirgi%nfir?%ﬁ a?@%?jh%%d ﬁoé'asgfoq]%ﬁrga?’rsiaﬁigiélggeﬁﬁ‘gevent to
be a signal for er.f?rn‘in a swtch-on-sjgnal process for swtching from
said fir&¥ ?'B%Qarﬁ? %4 é‘é@éft\é}\hyfjﬂ%%ia?  oPiteccrRetiopmanse ofthgi m 1, furt her
conprising the step of determning that an instruction has attenpted to
use a m §8itHBregdaduEosE a | oad as said at |east one triggering event for
performng a switch-on-use process for switching fromsaid first thread to
said second tieasddr p8cesTing arfestvettbfofist@e@omfdom f Girdt Heeadooniprhiesi ng t he
st eps of

occurrence of said triggering event;

means for switching the multithreaded processor in processing from the first
thread to processing from a second thread upon the occurrence of said triggering event;

means for processing a second set of instructions from the second thread until the
occurrence of said triggering event;

means for switching the multithreaded processor in processing from the second
thread to processing from a next thread upon the occurrence of said triggering event; and

means for continuing the processing and switching steps during the operation of

the multithreaded processor.

10. The system of Claim 9, further comprising:

means for dynamically determining at least one triggering event for the
multithreaded processor to switch from a first thread to a second thread , said triggering
event associating with a number of processor cycles, said number of processor cycles

being determined to optimize the performance of the multithreaded processor; and



dynam cally determ ning a second triggering event for the nmultithreaded
processor to switch froma first thread to a second thread, said second
triggering event being variably and dynamically deternmned to optim ze
performance of the nultithreaded processor; and sel ectably and

dynami cally controlling whether the oggurrence of said at |east one
triggering event or the occurrence of'said second triggering event
controls the switching of the multithreaded processor in processing from
the first threadndOrpoociessiidguinberftphecssoecaing fohd@@thinihp whSthesaid

mul tithreaded digital signal processor for processing a plurality of

threads opeiiéd nutgberioBpRcisbif dlciek ¥q Rl AIDRRKEPHT Plob@kdNEeleashgeht ed with
the nultithreaded processor, conprising: nmeans for dynamcally

det er m nighgpahin.8RSteM6e bf 1h898SJ-NE. 8Vt for the nultithreaded processor
to smﬁtcﬁ fro&?g fi@gt t%readgﬁ%ka %g%%ﬂd thread, said triggering event

being variably and dynam cally determ ned to optim ze performance of the
mul tithreaded processor; nmeans for processing a first set of instructions
froma first read until, the ccurrence of said triggering event; neans
for smﬁtchingHPfgmﬁﬁVFWfﬁF%ﬁH@)? N5E VRS processing fromthe first
thread to processing froma second thread upon the occurrence of said
triggering evErkens OrgYaisadly dsresnbdng #ideast wedoggerivetevert fonthe r ucti ons from
the second thread until the occurrence of said triggering event; neans
for swit ahiltifrepdes prodessarie eaidédiopn edegsioead o apeonelsbiend, faidrigghengsecond
thread to processing froma next thread upon the occurrence of said

tri ggeri rgeneventiatigndith ARamsh]f Oid G@ahioaly ﬁ@gtcdmanm&@@es@,isaﬁ vaRgb1§ whd chi ng
steps during the operation of the nmultithreaded processor.
dynamically programmable event determined to optimize the performance of the
multithreaded processor; and
means for monitoring events occurring during the processing of each of the

plurality of threads for determining the presence of said variably and dynamically

programmable event, thereby establishing the presence of said triggering event.

12. The system of Claim 9, further comprising means for determining the at least

one triggering event to be a cache miss occurring during the processing of the plurality of

threads.

-
13. The system of Claim 9, further comprising means for determining the at least

one triggering event to be an instruction miss occurring during the processing of the

plurality of threads.



10. The systemof Claim9, further conprising: neans for dynam cally
determ ning at |east one triggering event for the nultithreaded processor
to switch froma first thread to a second thread , said triggering event
associating with a nunber of processor cycles, said nunber of processor
cycles being determned to optimze t/he performance of the nultithreaded
processor; and 16 neans for counting said nunber of processor cycles for
determ ni ng whet her said counted nunber of processor cycles equals said
nunber of prodésBersysyold$laitth®fedher ceaprddihg sibamsdort deerpricsg et thstt he
triggering event. 11. The systemof Caim9, further conprising: nmeans for

dynam calohy trii@tfddvehng hata di@astor @Bgoriih @9 SWitdtdore¥iemd! phaess fae
mul tithreaded processor to switch froma first thread to a second thread

sai d tri gaeEkiRgfroMWaNE {1 3SHRGH &} IfPsctidinRayari ably and dynam cally
programmabl e event, said variably and dynam cally programuabl e event

-~ determned to optimze the performance of the nmultithreaded processor; and
means for nonitoring events occurring during the processing of each of the

plurality of reads for term.ning the. presence of said variably and
dynanical | y E)?‘d@\ﬁasmﬂloé%i@ ’,f“‘fkl‘?gF%'BEf‘ @Eﬂﬁsg?ﬁ %&r{r%n%h%@hce of said
triggering event. 12. The systemof Cdaim9, further conprising neans for
det er ni nilf§uetig hap aftappied toote atpipdeeralvgiren adead as spid a4 leasicme trhgassing
occurring during the processing of the plurality of threads. 4 13. The
syst em ofvat &rpedormfing b lyertclconsd siongs feanstchiog fidet eidfint hgeadhesaAd | east
one triggering event to be an instruction mss occurring during the
processi ngood thréwel. plurality of threads. 17

| 16. The system of Claim 9, further comprising:

means for dynamically determining a second triggering event for the
multithreaded processor to swifch from a first thread to a second thread, said second
triggering event being variably and dynamically determined to optimize performance of
the multithreaded processor; and

means for selectably and dynamically controlling whether the occurrence of said
at least one triggering event or the occurrence of said second triggering event controls the
switching of the multithreaded processor in processing from the first thread to processing

from the second thread.

17. A multithreaded digital signal processor for processing a plurality of threads

operating via a plurality of processor pipelines associated with the multithreaded

processor, comprising:



14. The systemof Caim9, further conprising neans for determ ning the at
| east one triggering event to be a signal for performng a

swi tch-on-signal process for switching fromsaid first thread to said
second thread. 15. The systemof Caim9, further conprising neans for
determ ning that an instruction has pjtenpted to use a m ssing value from
a load as said at |least one triggering event for performng a

swi t ch-on-use process for switching fromsaid first thread to said second
thread. 16. Theisysiem@buddoaigmelng hieddiens @aaplusilingef tARaMSast@iated

dynam cally determning a second triggering event for the nultithreaded

pr ocessOkhyithQarMAhiahtyfJrPRRssht F@Ehﬁe@ﬁs@@@lorgf% BBtk i@ adiru&Rid second
triggering event being variably and dynamically determned to optim ze

per f or MnGE G, b6, ngugﬂd I eRR e PO AP 8B oris A RA DS e [ihe REISHH 2PV and

dynam cal Ty control | e occurrence o st one

triggeri eve he occurrence. said second tri event

control sraglh e rl\R/’l %&W%“Ofi FT"?@O%TI‘lglg?rmgeegﬁ%t(fabst’%‘@g%ﬁgﬁ%ﬁeaag%cessi ng from
the first thread to roces fromthe second thread. 17. A

mul ti t hr @RFEHOGOGM S f@ﬁgﬁh fst %\‘%?@é%%é?coﬂéih"fﬁd@éf% 19961188 pYUF Beingy of
threads operating via a plurality of processor pipelines associated with
t he mul t ivetgbdaasddynpmiseds determisethisrdpsimieg petf@rmanveiofi gterigitithosndgdieue f or
gueuing instructions into a plurality of threads associated with said

pl ural it pragksspr,ocessor pi pelines issue |ogic associated with said
instruction queue for receiving said plurality of threads and conpri sing

thread swi t chhmgxdeO@rCddiOpath €y pasiessitd ¥ fifdeice bMnBirnGioat fbQ3StirsOMRead
triggering event causing the nmultithreaded processor to switch froma

first thpeadnd 900@11@1%%%15'?{1?@%1%%@%@ triggering event being variably and
dynam cally determ ned to opti e performance of the nultithreaded

said thread switching logic further for switching the multithreaded processor in
processing from the first thread to processing from a second thread upon the occurrence
of said triggering event;

said execution data path further for processing a second set of instructions from
the second thread until the occurrence of said triggering event;

said thread switching logic further for switching the multithreaded processor in
processing from the second thread to processing from a next thread upon the occurrence
of said triggering event; and

said instruction queue, said issue logic, and said execution data path further

associated for continuing the processing and switching steps during the operation of the

multithreaded processor.

18. The system of Claim 17, wherein said issue logic further comprises:



processor; an execution data path for processing a first set of
instructions froma first thread wuntil the occurrence of said triggering
event; said thread switching logic further for switching the nmultithreaded
processor in processing fromthe first thread to processing froma second
t hread upon the occurrence of said trgggering event; said execution data
path further for processing a second set of instructions from the second
thread until the occurrence of said triggering event; said thread
swi t chi ng | ogptihuntitreiogicaisswwitddohitngpid thecaduhvitchihg éadefdr gyooesdbr i n
processing fromthe second thread to processing froma next thread upon

t he occure@nsi@ingol |8 dhettlig QAL eVt Q€Y muRiftthe iR PrdBSLF WCIWIRA fWese, said
i ssue logic, and said execution data path further associated for

conti nui Wst&lﬂ@a%%%@@&idr’cgre@@,dsa%’\frfg‘éﬂjirfggevﬁﬁteég%c%ﬁ%Q\gthtahﬁnl?&?'bﬁt! on of the
mul tithreaded processor. 18. The systemof Caim117, wherein said issue

mil ¢ ¢! ssof 16" The ‘System of 'dl wherern said is
thread SBEERhg Taure 1o o R SRy A pLRRUAARREFERMME 17 Goeri ng

event for_the nuléhhhreﬁa d grocessor.t swtch froma first thread to a
second t RPEYIaNCe 1he Pk @é?fﬂd”%V@%¥ﬂ§ sociating with a number of

processor cycles, said nunber of processor cycles being determned to
optim ze the PPEFTOT MEIFCOUBENG IREiCHN Ul nphes ©EBSEssOgIglep Rt es sor
cycle counting logic for counting said nunber of processor cycles and
det er m nidpigrnnhgheietieapad countieded nmhenbproofsspreycles spralsoypsl mentequél s sai d
nunber of processor cycles, thereby establishing the presence of said
triggeri pocessentycletXherthe esatdisking dfe febsehen didaidwhiggeeing esaitd i ssue | ogi c
further conprises: optimzation |logic associated with said thread
swtching logic for dynamcally
19. The system of Claim 17, wherein said issue logic further comprises:
optimization logic associated with said thread switching logic for dynamically
determining at least one triggering event for the multithreaded processor to switch from a
first thread to a second thread, said triggering event associated with a variably and
dynamically programmable event, said variably and dynamically programmable event
determined to optimize the performance of the multithreaded prdcessor; and
monitoring logic for monitoring events occurring during the processing of each of

the plurality of threads for determining the presence of said variably and dynamically

programmable event, thereby establishing the presence of said triggering event.

20. The system of Claim 17, further comprising event monitoring logic for
determining the at least one triggering event to be a cache miss occurring during the

processing of the plurality of threads.



determning at |east one triggering event for the nmultithreaded processor
to swtch froma first thread to a second thread, said triggering event
associated with a variably and dynami cally programrabl e event, said
variably and dynam cally programrabl e event determned to optim ze the
performance of the nultithreaded procggsor; and nonitoring logic for

noni toring events occurring during the processing of each of the
plurality of threads for determ ning the presence of said variably and
dynami cal |y pit OGreasywminl of (Baient7, firther edyprésstgadvlentshornigring@ogic esence of sai d
triggering event. 20. The systemof Claim 17, further conprising event

noni t or i rRigehMi@ing thokit leAAeb Y tighérg dvbBR @be heastuQRA mikd 881 RHEHENt to be
a cache mss occurring during the processing of the plurality of threads.
20 21. Thersystig PtfhegLﬁ‘é]ﬂ%%ﬂhréaHE.t her conprising event nonitoring |ogic
for determning the at | east one triggering event to be an instruction

m ss occurring during the processing of the plurality of threads. 22. The
systemof Claim 17, further conprising event nonitoring logic for

determning t t | east e triggering event to be a signal for
performng a Egjﬁ?ﬁy IR Oﬁ@‘ﬂ@l Hp?%ﬁ]é%wlwwvwwwatoms dafd first

thread to said second thread. 23. The systemof Caim17, further

conpri si H§CBVAHE thodileast pregrigerjing evert to Bet signdlfprrerfoaingaswitbtanuct i on has
attenpted to use a mssing value froma load as said at |east one

tri ggeri nignaventess or spietfiog fvmgad fewithiehd eraidsec@rdabess. for switching from
said first thread to said second thread. 24. The systemof Caim17,
wherein said thread switching logic further conprises: optimization |ogic
for dynamically determ ning a second triggering event for the

mul tithreaded)proeessan of 1AM 1t7(,3ﬁlﬁh@@é&]ﬁorfsir{g%tvelghﬁﬁ%ri}lg l(f%iésfé?ond t hr ead,
said second triggering event being variably and dynam cally determned to
optim Zed&@mi%@%&q @n mstruction has attempted to use a missing value from a load as said at

least one triggering event for performing a switch-on-use process for switching from said

first thread to said second thread.

24. The system of Clajm 17, wherein said thread switching logic further
comprises:

optimization logic for dynamically determining a second triggering event for the
multithreaded processor to switch from a ﬁfst thread to a second thread, said second
triggering event being variably and dynamically determined to bptimize performance of
the multithreaded processor; and

switching event controlling logic for selectably and dynamically controlling
whether the occurrence of said at least one triggering event or the occurrence of said
second triggering event controls the switching of the multithreaded processor in

processing from the first thread to processing from the second thread.



the multithreaded processor; and switching event controlling logic for

sel ectably and dynam cally controlling whether the occurrence of said at
| east one triggering event or the occurrence of said second triggering
event controls the switching of the nultithreaded processor in processing
fromthe first thread to processing fgpmthe second thread. 21 25. A
conput er usabl e nedi um havi ng conput er readabl e program code neans
enbodi ed therein for processing instructions on a nmultithreaded processor,
the multithreaded processor for processing a plurality of threads
operating via a plurality of processor pipelines associated with the

mul tithreaded2procespaes udabe ni®lilie da GBI SitédcadabR PR ERS c@ﬁe meggput er
readabl e program code neans for dynam cally determ ning at | east one

triggeri Q%b@éﬁ@@?hefé?x'i f&rrb‘?od&glﬁg 191?6&%9%(101{35 ﬁ’iﬁﬁﬁl?r%deh%réc\%sto? hpfroma first

thread to a second hread, said triggering event being Vvariably an d

dynam cal for

processog&M@gﬁ%ﬁg r8§§§¥glﬁuﬁégﬁgaﬁﬁ J%O ?%S?%?mﬁﬁﬁﬁ%éghﬁanéo irst set
of instructions . fron1a fir ead u t he occurrence of said
trlggerlﬁ&m§V8hPmeH§ﬁﬁﬁ?8Wwﬁéﬁ'H%?BMHF@' I%%ﬁ%”ﬁéé hEethgd CRRPEEAg ng t he
mul tithreaded processor in processing fromthe first thread to processing
froma s&ohPshread upon the occurrence of said triggering event;
conput er readabl e program code nmeans for processing a second set of

i nstructions ftepateheadsdélandgramrede maamtsifbr dymemiady deenomigf at $aisicbne
triggering event; conputer readable program code neans for swtching the
mul tit hr edgkednpecoess ore maltifiracies praegssbif Wit freecofdt thidagas a k& oRd 0cessi ng

froma next thread upon the occurrence of said triggering event; and
conput er tireRdahd &iREA ABnCRIR PRABS Ay RARAINMIRG NG BLRERR! N9 and
performance of the multithreaded processor;
computer readable program code means for processing a first set of instructions
from a first thread until the occurrence of said triggering event;
computer readable program code means for switching the multithreaded processor
in processing from the first thread to processing from a second thread upon the
occurrence of said triggering event;
computer readable program code means for processing a second set of
instructions from the second thread until the occurrence of said triggering event;
computer readable program code means for switching the multithreaded processor
in processing from the second thread to processing from a next thread upon the
occurrence of said triggering event; and
computer readable program code means for continuing the processing and

switching steps during the operation of the multithreaded processor.



switching steps during the operation of the nmultithreaded processor. 22
26. The conputer usable nmedium of Caim?25, further conprising: conputer
readabl e program code neans for dynam cally determ ning at | east one
triggering event for the nultithreaded processor to switch froma first
thread to a second thread , said triggering event associating with a
nunber of processor cycles, said nunber of processor cycles being
determned to optim ze the performance of the nultithreaded processor;
and conput er Reéabtebloepptengsaba mediemmd Qs mf A, fistntdimgrisseg: d nunber of
processor cycles for determ ning whether said counted nunber of processor

cycl es equal scsapater paebet @b piamedde Hﬂbﬁfo@ﬂyrﬂ[@@@l@&l@fenﬁﬁﬁ%& ledsh&eeby
establishing the presence of said triggering event e conput er

usabl e Wﬁlé%émlg’feve% &jrihZRulthiHEddR8 hr & OLBF ﬂo%'wntgh FOAPHEP LRG0 3Rl &nRr Ogr am
code neans ftor dynamcally deternlnlng at least one triggering event for

the mul Ui breaded, prARESROf OB GALIAMS: fig Sl LLead (oo 8. a800nd

thread , said trig g event  associ atin ﬂénlcally
pr ogr amma vari.ab and .dynam cal | r | e event
det er ni né EPP8“ﬁ% yﬁki@ TﬁgewB%W %ﬁﬁﬁweﬁﬂyiePﬂ‘” KV&#&E@ ghisidsdessor ;
and nonitoring events occurring during the processing of each of the
pIuraIitV“&F“OfﬁPgads for determning the presence of said variably and
dynam cal ly programmabl e event, thereby establishing the presence of said
triggering evé%ﬂWHQEBMmh@rﬁ@mme@deHE&bHéFWEMhm$$mdnﬂmbmnﬁzﬁme%urther
conprising: 23 conputer readable program code neans for dynam cally

det er m nicpdesafos égemdning ivggerer sud exendd duatbet bgprotdsidricheleagipdispaidcessor to
switch froma first thread to a second thread, said second triggering

event beiprget¢aiinabhymBdi@r@yradbedlcley, HELBY Sodbishih the presence of said

triggering event.

27. The computer usable medium of Claim 25, further comprising:

computer readable program code means for dynamically determining at least one
triggering eyent for the multithreéded processor to switch from a first thread to a second
thread , said triggering event associating with a variably and dynamically programmable
event, said variably and dynamically programmable event determined to optimize the
performance of the multithreaded processor; and

monitoring events occurring during the processing of each of the plurality of
threads for determining the presence of said variably and dynamically programmable

event, thereby establishing the presence of said triggering event.

28. The computer usable medium of Claim 235, further comprising;:



optim ze performance of the nmultithreaded processor; and sel ectably and
dynam cally controlling whether the occurrence of said at | east one
triggering event or the occurrence of said second triggering event
controls the switching of the nultithreaded processor in processing from
the first thread to processing fromthe second thread.

computer readable program code means for dynamically determining a second
triggering event for the multithreaded processor to switch from a first thread to a second
thread, said second triggering event being variably and dynamically determined to
optimize performance of the multithreaded processor; and

selectably and dynamically controlling whether the occurrence of said at least one
triggering event or the occurrence of said second triggering event controls the switching
of the multithreaded processor in processing from the first thread to processing from the

second thread.



