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- "METHOD AND SYSTEM FOR PERFORMANCE MONI TORING I N A

MULTI THREADED PROCESSOR BACKGROUND OF THE | NVENTION 1.

Techni cal Field: The present invention relates in general to
data processing and in particular to perfornmance nonitoring within a data
processing system Still nore particularly, the present invention relates
to per-thr dAETHODAND &Y STEMV PORRERFORMANCETMONITORINGdNbAoCcessor . 2.
Description of the Related Art: | n order to extract optinmm

performance from a proceMULTIHHAREARED BROCESSQOR e engi neerf’ det eqroaddtt”

o acbecor stat oe useful i n EACKSROLNERF THESERAION. "2 cosi bl 7087,
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~external instrunentation. For exanple, at |low |levels of integration, %st

machi nes states,_bus transactions, and other useful signals were detectable
on nodul e i ht er cbaeboical Rielge connectors; and chip backpl anes. Thus, data -
could be easily captured and post-processed for use in processor

per f or mance anal ysi s. However, as the level of integration
has increased, ther ebww&&%@émnpémﬁérétegF@geﬁeﬂan?&esﬁasbm&skwéhar nal
instrumentation, it has becone necessary to infegrate perfornance

noni t or i ng igi patiauigr & tperfiorrmanpecnopioring withidea data papcessing rsysdemi.ri cal

dat ' t tim t.h hayrd d.sof . - bgard f
o tor 5 1 yRRLaFR9ra nBRGIRHIBH: oty PEtn AT ERL FolReR dg.RarGHRFencos

of a sel ectgetrgMARhcE HHbARDIIHY WithihQf ARMfthrddIed0sBRaESor, SUCh as processor
cycles, instructions executed,” or cache m sses. ile currently avail abl e
performance nonitors . - -

2. Descriptibn of the Related Art:

In order to extract optimum pe;formance from a processor,
hardware and soﬁware engineers detect and analyze the -processor’s
dynamic behavior! In the past, most of the ptocessor states useful in such- -
processor analysis were accessible to external instrumentation. For
e><iample, at low levels of integration, most machines states, bus -
transactions, and other useful signals were detectable on module
intercqnne_pts, edge connectors, and chip backplanes. Thus, data could be
easily captured and post-processed for use in processor perfo;mance

analysis.

However, as the level of integration has increased, thereby
rendering processor states inaccessible to external instrumentation, it has
bscome necessary to integrate performance monitoring circuitry within the
processor in order to capture the empirical data requiréd to-optimize both
hardware and software. On-board performance monitors typically include
one or more counters that each count occurrences of a selected event
indicative of processor performance, such as processor cycles, instructions
executed, or cache misses. While currently available performance monitors
may provide adequate data to analyze the dynamic behavior of conventional

processors, aconventional performance monitor that utilizes a single counter



may provide adequate data to analyze the dynam ¢ behavi or of conventiona
processors, a conventional performance nonitorthat utilizes a single

count er to record all occurrences of a sétected event cannot
provi de adequate performance data for a nultithreaded processor that

provi des hardware support for nultiple concurrent threads. For exanple, a
conventional performance nonitor cannoty provide information indicating the

nunmber of cache clirlLﬂfes attributable to each thread or the nunber of

processor teykacesd All jocsugrancesaeh & selested \Rvens GaINAtRROYIde, adaguate
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utilized by each thread over a meaningful number of cycles.
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Consequently, it would be desirable to provide a multithreaded
processor including a hardware performance monitor that independently

monitors each of a plurality of threads within the processor.
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nmet hod conpri si ng: in a multi threaded processor, proceSS|ng a

r responsive to instructions within a first thread and

ns wthin a se[ HAS BEEN a performance nonitor that
records a firs q’g@esmlﬁa& renceg generated by said processor in
o said first th Jevent occurrence generated by

ssor in response to said second thread, wherein said first event
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to anot her aspect fM%%RYor ESJME IWE!HT\%'H there is provi ded a

per f or mance rmnl tor| ng within a nulti threaded processor,

first thread and a sé"c‘éﬁﬂef?ﬁoéadme object °fgté\¢d?r§§¢mfgnuemtloattowenlde an
occurrence; in response to processing
iUy a0 trld s)afs Y6E B BRGRR

said first
mul ti t hr

wherein said first event

genera MSccurrence within said

eaded processor in response to processing said second thread,
occurrence and said second event occurrence are -

two occurrences of tHelsanothermbjectnaf the pl’elseot)rimi\'!emiomitd picdde earent

occurr encerRih i Mool bt S&st8hs Yor SRS HorRRaL mo¥utonng in a data

processing system.

It is yet another object of the present invention to prowde a
method and system for per-thread performance monltormg thhln a
multithreaded processor.

~

The foregoing objects are achieved as is now described. A

- method and system for performance monitoring within a multithreaded

processor are provided. The system includes a processor responsive to
instructions within first and second threads and a performance monltor that
separately records a first event generated by the processor in response to
the fll‘§'t thread and a second event generated by the processor in response
to the second thread. In one embodiment, the processor has first and
second modes of operation. In this embodiment, when the performance
monitor is operating in the first mode, a first counter within the performance
monitor increments in response to each occurrence of the first event and a
second counter within the performance monitor increments in response to
each occurrence of the second event. Alternatively, when the performance
monitor is operating in the second mode, the first counter increments in
response to each occurrence of the first event and in response to each

occurrence of the second event.
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.BRI EF DESCRIPTICN.CF THE DRAW NGS The novel features believed
*characteristic of the invention are set forth in the appended clains. The

invention itself however, as well as a preferred node of use, further
obj ects and advantages thereof, will best be understood by reference to the

foll ow ng detail ed description of an illustrative enbodi mrent when read in
conjunction with the acconpanyi ng draw 'ﬁgs, wher ei n: Figure 1
depicts an illustrative enbodi nent of a data processing systemincluding a

per f or mance nonitor §Rea@bevaamse Well has hadditionehtokijectsnt features, and

Figure 2 i tl .1 he perf nce nmonitor. depicied in Figure
I vhen ¢ neartEBRE T Ih orBRe8 VAR wil G5 Fe Fppareniacine following
Figure 3 idetailedpvitttentddsceiptin.t he performance nonitor depicted in Figure
1 when the performance nonitor is operating in nultithread node;

Figure 4 is a logical flowhart depicting how events are routed to the
performance nonitor counters when the performance nonitor is operating in

each of -the global and nultithread nodes; Figure 5is a

| ogical flowchart illustrating how performance nonitor interrupts are
'gener at ed when the perfornmance nonitor is operating in each of the gl obal
and nul tithread nodes; and . =
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6 ' Figure 6 is a logical flowhart illustrating how the
< performance nonitor counters are accessed when the perfornmance nmonitor is
operating in each of the global and nultithread nodes.

7. . DETAI LED DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENT Wth
reference now to the figures and in particular with reference to Figure 1,
there is depicted a block diagramof argillustrative enbodi nent of a data

processi ng systemin accordance with the invention recited within the

appended cl ai ns. | n t heBRIEF OESCRIPTION' ©F I THE ®@RMWINGS ., processor 10,
whi ch includes both data processing circuitry and an on-board perfornmance

noni tor 50, conprises a single integrated circuit superscal ar

ini 1o registers, bulPemOveldBRTes BAkYES chaRYbriadt o e Hierbitgyare "

processor ¢ foreh i khé @biﬁ%ﬂdbﬂ ¢l8inedlr Fhednobhtion fsElif HIWERSE Us Well as

preferably corr&fl ses one of the line of reduced instruction set conputing
€

(RI SO pro%@§ redmodedf siser furthar objests endladsastagesstharenf,nedl] bastwever

th Ki | ' t th pt
that o herPEddRsPtias g delarsBR, 5 bt Rl iR Jaseen [44sE8RY5D Phrtment
the presenflusfdfivkiétibodiment when read°~§1 cbhjiirictidhedith tHe! S&Eéi}?ﬂaa \M?Fgﬁessor

10 is coupled to systembus 11 via bus interface unit (BIU)
control s tdrawingssweerein:

Figure 1 depicts an illustrative embodiment of a data processing
system including a performance monitor in accordance with the present
invention;

Figure 2 is a representation of the performance monitor
depicted in Figure 1 when the performance monitor is operating in global

mode;

Figure 3 is a representation of the performance monitor
depicted in Figure 1 when the performance monitor is operating in

mulitithread mode;

Figure 4 is a logical flowchart depicting how events are routed
to the performance monitor counters when the performance monitor is

operating in each of the global and multithread modes;

Figure 5 is a logical flowchart illustrating how performance
monitor interrupts are generated when the performance monitor is operating

in each of the global and multithread modes; and
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~information between processor 10 and ot her devices coupled to system bus
11, such as main nmenory 52 and nonvol atil e nmass storage 54, by
participating in bus arbitration. The data processing systemillustrated in
Figure 1 preferably includes other unillustrated devices coupled to system
bus 11, which are not necessary for an understanding of the follow ng
description and are accordingly omttedsfor the sake of sinplicity.

BIU 12 is connected to Menory Managenent Unit 14 (MWJ), which nmanages
access by processor Higur® 648iedogd! HBWcHaR ﬂi@é‘ﬁaﬁﬁ@h@ﬁiv thé Befforfiankar i ous |
conponents of the menory hierarchy of processor . the illustrative
enbodi mentmoniter nemte;smrermnasyedMIanﬂmpeﬁonnanm mmmnomlstopmbymg

?%V(():_g';i lé%cﬁ?é’ﬁS%fs{ oragﬁ)aﬁ "5{2 E@:' ﬁm)r 552 ggi(::hgl so a unified | evel

8 interface 58, a level one (L1) instruction cache 14, and a L1 data cache
16. Thus, the nanagenént functions of MVJ 14 i ncl ude, for exanpl e,
perform ng | ogical-to-real address translation utilizing Translation
Lookasi de Buffer (TLB) 13, accessing data within L1 data cache 16 and L2 -
cache 56 utilizing storage control (SC) circuitry 23, and transferring

| ines of data between |ine buffer (LB) 15 and BIU 12. As is Uhder st ood by
those skilled in the art, staging data and instructions within
progressively higher speed nenory in this manner enabl es processor 10 to
achieve relatively fast access to data and instructions stored within the
hi gher | evels of the nenory hierarchy, thus inproving the -overal
performance of the data processing system L1 jnstruction
cache 14 is further coupled to sequential buffer 17, thread switch buffer
18, branch buffer 19, and branch unit 20, which together with dispatch unit
21 formthe instruction unit (1U) |ogical partition 25 of processor 10. |1U
25 controls the execution of one of the nultiple



possi bl e concurrent hardware threads within the floating point (FP) | ogical
S partition 26 and fixed point (FX) logical partition 30 of processor 10. In
t he .present disclosure, the term"hardware thread" or sinply "thread" is
utilized to describe a group of instructions (that nmay or may not belong to
the sane program as ot her concurrent threads) whose state can be

si mul t aneously mai ntai ned in processor shardware with that of one or nore

ot her hardware threads and whose execution is governed by processor

har dware. Thus, DETAILED DESCRIPFIONIOF KLUSDRATHKE EMBODIMENT art that the
fine-grained nultithreadi ng supported by processqr 10 is distinct fromthe
sof t ware- managed coarse-grained nultitasking supported by many

state-of -the-art opggfl E%fe\?mgﬂzgnﬁowF ttlﬂ%r gagpes iatn ‘ecﬁﬁ)%&g&%l&n%{ﬁt ood

t hat al t hough processor hereafter be“descri S supporting only

two concurefenénceétedrigute 1¢.thepnds deplcted anbloekediagrarhi ofean illistratiesent
invention is equally applicable to nultithreaded processors that support
addi t i onaemhadiment of 3 data piecassing ggstem in accordance with the invention

9 . E ' .Se( [ al . f et 1 nstructions
i thin tnEeciisd WEH P ABREAUL T RiaiREY 1M BhpiEtid Bledeuks FaRRMEY

buf f ers t prodessor 40, maiich inSlades botia datiiroeessing Ractftpy bAH Amash-bagkd uct i ons
to dispatch unit 21 in order_ of receipt. Dispatch unit 21 partially decodes

- each i nst padformancerapaitor §0.t ¢emprises argjngledntegrated cireuiteuparscalennch

b *F 26 i8Sy, “IaR, S b st oy dhel Variclfe SRERORER™© "
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execution will continue if the branch is taken and supplies the target
addr ess t d0areialiformed;nindagrated gircuftry.cPracessor 19 prefanablyreampeisesns in

14 r capondhraf Bt B8 AR e IRgTIEH For, Soreilinal (RIS B daspRre” "
i nstructi apsilanie fiomiRRrhatiersl Bugifedd IMBcRinel; hdWwedef, @RBbE skilledifiehdr anch
| s:subsequently resolved as taken, branch buffer 19 is able ‘to supply-

i nstruct i afts Wil appreciatptfreredbei follgwing desaripfien cthatniother! suitabdet -
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instructiB

As illustrated in Figure 1, processor 10 is coupled to system
bus 11 via bus interface unit (BIU) 12, which controls the transfer of
information between processor 10 and other devices coupled to system bus |
11, such as main memory 52 and nonvolatile mass storage 54; by
participating in bus arbitration. The data processing system illustrated in
Figure 1 preferably includes other unillustrated devices coupled to system
bus 11, which are not necessary for an understanding of the following

~ description and are accordingly omitted for the sake of simplicity.

BlU 12 is connected to Memory Management Unit 14 (MMU),
which manages access by processor 10 to data and instructions stored
within the various components of the memory hierarchy of processor 10.
In the illustrative embodiment, the memory hierarchy of proceséor 10
includes not only nonvolatile mass storage 54 and main memory 52, but also

a unified level two (L2) cache 56, which is accessed through L2 cache



~path. U 25 perfornms thread switches in a simlar manner.

" Thread switch buffer 18 fetches and buffers the -next instructions to be
executed within the inactive thread. In response to the occurrence of a
sel ected event, for exanple, an L2 cache mss or TLB miss for the active
thread, the inactive thread is designated as the active thread and the
iI-nstructions in thread switch buffer 18 are transferred to branch buffer
19. Dispatch unit 21 then begins to dispatch instructions fromthe newy
activated.thread BPU 20, FP 26, and FX 30, anwhi l.e, sequeniial buffer
17 begins 'Pge’ "eﬁ"c{igr ﬁé?Yﬁ'c?'i‘%Hs?W‘FHPﬁ“PﬂéaﬁBW - 3pfia L] data ﬁﬁséa hd
t hr ead SWT%,b%éehéﬁé&H' fuRctishs ot Ckhho L higg o t | tivated
t hr ead. ef e%lﬁsng r?fg\?vhtgoof:gﬁ%wang E%’@%%’ ifﬁra ?thpgér:i to
branch uniperfornihg legialttoaeat addneiss tyansiatipnoutiiizing Tighslatidnitleskdsidel e
preci sion Float] . e 1 Poi nt
ni t (FPUBSHRT (0 Worecersipa dateywithin Il Agtascashe 46N k2 sAdhseBbuni 1
34, and S'U’fmfzﬁgi(%tt@ﬂfde ¥Bhtrot qscieeic @i égc%hhoﬂaygfetrﬁnéﬁine%zof%taa.nd 36
i s capabl e of €xecuting one or nmore I nstructions of one or noreé associ ated

. types of dmqueenilate bofter tB) A andd Blddgl2ads iprundesstooddyy titosd-skilledanpl e,
sinple integer unit 36 perforns.f{ixed-point, nathemati cal. operations - (e.g.,
addi tion éﬂggglﬁﬂfr %@Q'%&)Ja&ﬁcﬁ%lﬁﬁ'?@tw&mtgﬁhgr agressivelyighgr seesder ands
| oaded fr BN [ ' Foh | awi e [ of a
fi xed- poi (r?l‘t%'?‘%s rlhcﬁﬂgn, g‘?’%}%léeﬁélﬁr@ée erracé%otr g% @}A%?gigbtg hreeq%@gﬁ&t fg}éta of

t he instracciess tondate ard Nastruepions’ stoted rwithier thediigher devidls & whearl y,
doubl e precision FPU 27 perforps doubl e-precision floating-paint arithmetic
and | ogi cANeHREY diptarshys tiwsaimpraydng rihepeyerall pgrfermares iafnthadatavi si on,

otores r oBIPEEHG BHIR (LoCiicd FPRs 28, Ench of the sequential
instruction execution units of processor 10 enploys pipelining to further

| L1 instruction cache 14 is further coupled to seql;ter_xtial buffer

17, thread switch buffer 18, branch buffer 19, and branch unit 20, which

together with dispatch unit 21 form the instruction unit {IU) logical partition

25 of processor 10. U 25 controls the execution of one of the multiple

possible concurrent hardware threads within the floating point (FP) logical

partition 26 and fixed point (FX) logical partition 30 of processor 10. In the

present disc‘Ibsure, the term "hardware thread" or simply "thread" is utilized

to describe a group of instructions (that may or thay not belong to the same

program as other concurrent threads) whose state can be simultaneously
maintained in processor hardware with that of one or more other hardware

threads and whose execution is governed by processor hardware. Thus, it

+ should be apparent to those skilled in the art that the fine-grained
multithreading supported by processor 10 is distinct from the software-

managed _coarse-gréined multitasking supported by many state-of-the-art

operating systems. Furthermore, it should be understood that although

processor 10 will hereafter be described as supporting only two concurrent

threads (i.e., one active and one inactive), the present invention is equally

applicable to multithreaded processors that support additional active and

inactive threads.



i nprove the performance of the superscalar architecture of processor 10. As
- illustrated, each of FPRs 28 and integer registers 38 has nmultiple
duplicate register sets or "ways", which are each associated with a
respective one of the multiple concurrent threads.supported by processor
10. - According to the present invention, processor 10 includes
a performance nonitor 50, which as deseribed in detail bel ow, supports
i ndependent performance nonitoring for each of the nultiple concurrent
t hreads supported by processor [ 10. As illustrated,_ performance nonitor 50
receives as inputs ﬁ%mg aPeiiatienc seqyentialabetienyl % ﬁ@"‘%}@ér instowctiong U 25,

FP 26, FXyifhin 8fe gﬁ}vﬂ“e%% fr@r?!q.f‘% %EBSn cQERE 13 "éﬁaerlg glgfgﬁ ent

occurrences anong uner ous even occurrences t ed by

per f or manthe rimmalﬁoﬁ@. arSequetnialepluffet psaeéwlafeacmadnbtracaadsv\fd tabl e
Performance Mnitor Counters (PMCs) w thin performance nonitor 50. In

response @i§PAIRD B&@cﬁﬁ inveraer of feapip Pé'ﬂlﬁﬁg”ﬂit Zibpartiallyidenadesteash t hat

of “the pnerignptierEpiter SAISREERREF T nsRUeHEnE) BtkibH Ploe Bl 1 oo

PMC wi t hi gnig (BB QG &ndnse@ientidlaastruc8ohs te ke %%ﬁrdﬂ@r'”ét‘érﬁﬁéccﬂ‘ FRg or 50
al so has a performance nonitor interrupt output t Is asserted in

response @Rd &iX Sfan exeentione lpf raspenperts. recelpt of a branch linstauctiodance

with an i n I nyention e.r ornmance nonitor 50
has two ng%g'g Phbtpgﬁgtqtegﬁ'tm%% gh t%g%ert H%@’&sﬁ a?fe%léfé?f? Wikes of
the sane gymtiiudif theCBFatfsh tugg@n&ﬁr aneeédwhe@rtﬁwtartglae m&&ew:@l are all
generated in response to the \A&:OCGSSI ng the sane thread; and.(2) a
nul ti t hr eingtnustion cacie it .o lueemlbsutgplymga instrustiomsi it the weghestieh t hr ead
are r ecored)?edcu%e np 3 a%he{c}/ sequential buffer 17, L1 instruction cache 14 responds to
the target address by loading branch buffer 19 with instructions within the
target execution path. As a result, if the branchis subsequentlyreéo!ved as
taken, branch buffer 19 is able to supply instructions in the target execution - ,
path to dispatch unit 21 without incurring any latency. Thereafter,
sequential buffer 17 begins to fetch instructions within the new execution

path.

U 25 pérforms thread switches in a similar manner. Thread
switch buffer 18 fetches and buffers the next instructions to be executed
within the inactive thread. | In response to the occurrence of a selected
event, for example, an L2 cache miss or TLB miss for the active thread, the
inactive thread is designated as the active thread and the instructions in
thread switch buffer 18 are transferred to branch buffer 19. Diépatch unit
21 then begins to diépatch instructions from the nery activated thread to
BPU 20, FP 26, and FX 30. Meanwhile, sequential buffer 17 begins to fetch
instructions within the newly activated thread and thread switch buffer 18

begins to fetch instructions within the inactivated thread.

Referring now to FP 26 and FX 30, in addition to branch unit

20 the execution circuitry of processor 10 includes double precision Floating
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Referring nowto Figure 2, there is depi cted a conceptual di agram of
_ perfornance .noni tor 50 mhen operating in global -node. As illustrated, in

gl obal. node the event occurrences generated by all of the | ogical
partitions of processor-10 are input into nultiplexer 82. Miltiplexer 82
then routes the event occurrences to particular counters anong PMCs 84 in
response to sel ect input 86, which islaenerated I n response to the settings
of bit fields within software-accessible control registers 80. The bit
fields within control registers 80 specify not--only the event occurrences,

if any, eaEbunbﬂJri?h/(ﬂ’l&MZVetoadSStobelUrﬁt HESU)e2,rsigplé andliorhplesrihesgance -
noni tor 50 ogsr ates (i gl obal , or nultithread). and when counting is

enabl ed arif! éaﬁf‘gcf 'l”@i'e EH@B%P”M@Q} fgach Qhe’F%Cé-B@ﬂs@"'ﬁ)z?e@@r ﬁﬂ--@ndan
Syt OfC U8 R gpafies DeRGobiy §é Fr-Hide mnEeRbAL ot 'c{h{ttﬂ'uhﬁ%r’

bit 0 of an ormance nmoni

gener at ed dgso%tgdttypés of sequential mstructMrﬁéldujmf\g?é@cm provadsbp cEU MRS,
there is illustrated a conceptual view of perforpance nmonitor 50 when

oper at i ng $¥fMple: i SHNBlgy indager | wnit hS6d partares | fixedspeintti veatharoaticaint |

o1 000550, b BHBRELL %, gL M syhAPRCORFBAA BBolhE Sp8PencHl Gl ©oc"

12 PMC4, gHuired o@fe‘?ahd@lﬁadé@ﬁdﬂltsbe&ﬁfeﬁﬁﬁf%gérﬁdﬂﬁt&b :%aFoﬁbw;ﬁbltﬁ%at ed to
thread 0 and PMCh- PMC8, which are identifie reference nuneral 84b,

are al | oc@%agutionafrafived-poiat instrustion: simple intagerenit BB sitoras thegesultt ed t o
PMC1- PMC4 t { t 86 d t
occur r encata Bt i BitucEh-R-pRE"RY HHels spRefEH IBokr, PlmAR S

sel ect i n[BimikeN, d&b@bréﬂ@i&‘ﬁFﬁ@QﬁFérfSﬁhs%@b&eﬁ@c‘i’é@ﬁ fidatispeie 1o

the value of bit fields wthin control registers 80 in the manner described
above wi t taritbmatishard tloglaag@p@ratlons. such as floating{peintomultiplication bad

operation cPvnsR)enr,ft.)onr 380 opgll'atn%{s o dt'adrl fl%ﬂ? ti’l"ilz‘atlng-pomt registers (FPRs) 28
and stores result data within specified FPRs 28. Each of the sequential
instruction execution units of processor 10 employs pipelining to further
improve the performance of the superscalar architecture of processor 10.
As illustrated, each of FPRs 28 and integer registers 38 has multiple
duplicate register sets or "ways", ‘which are each associated with a
respective one of the muitiple concurrent threads supported by processor
10. |

According to the present invention, processor 10 includes a
performance monitor 50, which as describéd in detail below, supports
independent performance monitoring for each of the muitiple concurrent

* threads supported by processor 10. Asillustrated, performance monitor 50
receives as inputs event occurrences generated by the operation of 1U 25,
FP 26, FX 30, SC 23, BIU 12, and L2 cache interface 58. Selected event
occurrences among the numerous event occurrences that may be received
by performance monitor 50 are recorded within software-readable and
writable Performance Monitor Counters (PMCs) within performance monitor
50. In response to the execution of an architecturally-defined instruction

that specifies a PMC "address," performance monitor 50 outputs the value
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node, when performance nonitor 50 is operating in nultithread node event
occurrences are not all handled alike. Instead, an event occurrence is
handl ed i n a nmanner dependent upon the event group-to which the event
occurtence belongs. The first group of events include those associated with

.only the active thread. Occurrences of these events can be generated by IU

25, FX 30, and FP 26 and incl ude the fiol | ow ng: (1) instructions

conpleted (2) processor cycles (3) cycles of storage |atency -
(4) brancaf the specified RN, flart exataplen byrstorisg the valué ©f the apegified PN sses
(7) L1 instruction cache m ss count 8).floatin oi Nt rations
(9] Chr el Ll @ SPIRGTRA Gne o8 dnteasp resigtess P! PRfORTaNGh Baiiy BE RS may be
associ at eyt j j [ | rrences -
of theae. nabia berdolrifhod MoMTb! KitphlpE 8yt it IR I feffons b

(1) L1 daan aoverflewrdf sneveftie PBMME@H as total count, |atencies, mss types, -

etc. (2) translation mss event (e.g., TLB m ss events) (3) L2
cache m ss events 13 The third

barti cular throad.  Socraamice RS Cah"hodtind UerBEt (6! SHRL Afesint U 12

LB 15, orirvntiath etforeraneeandlitanB0ihasitwdemodes of operation: (1) a global
~mode in which all occurrences of the same event are recorded together
whether or not the occurrences are all generated in response to the
processing of the same thread; and (2) a multithread mode in which

occurrences of events associated with each thread are recorded separately.

. Referring now to Figure 2, there is depicted a-conceptual
diagram of performance monitor 50 when operating in global mode. As
illustrated, in global mode the event occurrences generated by all of the
logical partitions of processor 10 are input into multiplexer 82. Multiplexer
82 then routes the event occurrences to particular counters among PMCs 84
in response to select input 86, which is generated in response to the
settings of bit fields within software-accessible control registeré 80. The bit
fields within control registers 80 specify not only the event occurrenc’es, if
any, each of PMCs 84 records, but also the mode in which performance
monitor 50 operates (i.e., global or multithread) and when counting is
enabled and disabled for each of PMCs 84. In response to receipt of an
event occurrence, an enabled PMC increments. As depicted in-Figure 2, if
bit O of any of PMCs 84 is set to 1, a performance monitor interrupt is

generated by OR gate 88.

With reference now to Figure 3, there isillustrated a conceptual
view of performance monitor 50 when operating in multithread mode. In the
depicted illustrative embodiment, processor 10 supports a maximum of two
concurrent threads, which are each allocated half of PMCs 84. Thus, PMC1-



(1) L2 cache line transitions (2) L2 cache castouts (3) L2

* cache snoop counts (4) line buffer usage - - (5) system bus
utilization (6) systembus retries ~ As illustrated in
Figure 3, event occurrences in the first event group are received as inputs
by AND gates 100 and -102. Event occurrences within the first event group
are input to nultiplexer 82a only if thpead Ois active and are input to
mul tiplexer 82b only if thread 1 is active. In contrast to event

| : B L9 ¢ d
or oup i fca WAl atd idelfified S KERaAEs WmasP B, et Wilucba R0
i 11 ustr at ithee a0 @did RMIC5-RMC82086ch b idbAatifipd With refeferizanrhetdi B4b,

mul ti pl exers 82a and 82b for possible selection regardl ess of whether the
thread as#beidliosated ta thrradJenAsollustatack Vet qesusiances aie fovieditee

thr ead. - Byl 1066404 BIS58IRILED0AE i Dod i oVl dhiEUaRbIEBUP aREFeiIRS] 10 -

both of multiplexers or po ect Wth

r ef er ence oteuriehcestareerotited tor PMGE-PMCS biairedtisieke@082bl inflegpdhas ttot hat
summari zes the method by which performance nonitor 50 handl es event
occur r enc 8§lecdrinpyt B6x. ~ Brlecsiioputs 8ha andl 86k iare a¢neneted ipfrespenseiton. As

depi ct ed, r ' at. b . ereaflter oroc tq bl ock-
175, “uni oip e Bl PR BaPlin Ciior GoiRRt RO The, Banfef BBRiTReS
nmoni t or 5@boyeoRithatefei@rice toFigurerezad node. In response to a determ nation
that performance nonitor 50 is not operating in nultithread node but is

operating in global node, the process passes to block 174,- which depicts
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occurrences are not all handled alike. Instead, an event occurrence is
handled in a manner dependent upon the event group to which.the event
occurrence belongs. The first group of events include those associated with

only the active thread. Occurrences of these events can be generated by U
25, FX 30, and FP_26 and include the following:

(1) instructions completed

{2) processor cycles

(3) cycles of storage latency

(4) branch data '
{5) data dependencies

{6) unaligned accesses

(7) L1 instruction cache miss count

(8) floating point operations

(9) thread switch counts

The second group of events are those that may be associated with either the
active thread or an inactive thread. Occurrences of these events can be

generated by SC 23 and include the following:

(1) L1 data cache miss events, such as total count, latencies, miss
types, eftc.

(2) translation miss event (e.g., TLB miss events)

(3) L2 cache miss events
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.84 such that a single event count is nmaintained for each sel ected event.

* Referring again to block 172, in response to a determnation that
performance nonitor 50 is operati ng in multithread node, the process
proceeds to block 176, which illustrates a determi nation of whether or not
a detected event occurrence was generated by 11U 25, FX 30, or FP 26 (i.e.,
whet her the event occurrence belongs 19 the first event group). If so, a
determ nation is made whether or not thread O is the active thread, as
depi ct ed (Thebt'hﬂ*dﬂ(ah@fméﬁ drbiigast dVents GRetRsdd that lahé aat asé@ﬁaﬁé@%ﬂ%ﬁ
proceeds to block 180, which illustrates the event occurrence, if
“sel ect ed, au@arﬁgularrtangadt tQ@bumemcms abthaserevenss 6ap hsf gengatediby BHovever
in respon det 0 hat re s the active thread, the
process pﬁ%%g?’, 8?8 "1%5%5[‘:(? ﬁ%@&ga‘%gé‘&e& ock 182 depicts the event
occurrence, if sel ect ed, being transmtted to the appropriate one of .
PMC5- PMC8. Returning to block 176, in response to a
det ermi nati on fhhi2zcabhteclinedransitionsccurrence was not generated by |U 25,
FX 30, or FP 262) LtBecapheceastoutsceeds to bl ock 184. Bl ock 184 depicts a
determ nati on ¢8) nhaidutie SmodPlcoumes event occurrence was generated by SC
23. If so, the pyﬁﬁgqﬁ,fpé from bl ock 184 to block 186, which
illustrates a her or not the event occurrence was
generated in r f; E'I‘ é)ectﬁ%%l ng thread O or thread 1. In response to a .
determ nati on- urrence was generated in response to
processi ng thread 0 the process passes to bl ock 188, which depicts sending
t he event occurrenc ¢
sel ected. Alternati \?\% ml&?’%@és‘ﬁ%‘@%ﬁ‘l ettéeﬁrﬁe\gﬁégrgﬁgﬁggffgg%%fg‘g t hat
t he event gooup arereceived ag mpurstydAND gatep Qa1 az.oEeeat ogcctifreneds 1, the

process pas | ock 190, which .illustrates, sen g the_event chrrence
to one of V‘ﬂﬁﬁg tia stevent greypfredpeyt fe multiplexer 3&%\’ if thread
15 actlve anaeérﬁrlﬁbﬂgt@ﬂﬁhﬂpfe‘?(epb%l%rﬁ?ﬁthl'éhé ‘??é’%‘ﬁ%f th Bontrast

determ nat |
to event occurrences belonging to the first event group, events within the

second grdup', which as noted above are generated by SC 23 within MMU
14 in the illustrative embodiment, are passed to the appropriate one of the
muiltiplexers 82a and 82b for possible selection regardless of whether the
thread associated with the event occurrence is the active or inactive thread.
Event occurrences belonging to the third event group are passed to both of

multiplexers 82a and 82b for possible selection.

With reference now to Figure 4, there is inustratéd a logical
flowchart that snimmarizes the method by which performance monitor 50
handles event occurrences for each of the global and multithread modes of
opératipn. As depicted, the process begins at block 170 and thereafter
proceeds to block 172, which illustrates a determination of whether or not
performance monitor 50 is operating in muitithread mode. In response to a
determination that performance monitor 50 is not operating in multithread
mode but is operating in global mode, the process. passes to block 174,
which depicts multiplexer 82 routing event occurrences selected by select

input 86 to the appropriate ones of PMCs 84. As noted above, occurrences



that the event occurrence was not generated by SC 23, the process proceeds
*to block 192, which illustrates a determination that the event occurrence
was generated by BlIU 12,.LB 15, or L2 cache interface 58. In response to
this determ nation, the event occurrence, if selected, is routed to the

appropriate one of PMCl- PMC8. Referring now to Figure 5,
there is.depicted a | ogical flowhart ghat summarizes the interrupt
behavi or of perfornmance nonitor 50. As illustrated, the process begins at ]

bl ock 130 @htha hemeaévent genertds Hy?dibﬂemk t%d%&@giéé&%ifmhmsl i
determ natLon of whether qr not performance nonitor IS operati
nul tithr ea%ar?b'&  thata ginale avest iconnt is maintgined for eschcselegtedrayene nade,

for exanple, by exanmining the value of a predeternmned bit field within
control registers 80. 1In response to a determi nation that perfornmance

moni tor 50 is not opReterring againutd bideke® 72 MpdresPohsé 009 Aetéiniipiatiangd! obal
mode, the proces roceeds to block 134, which depicts a determ nation of
whet her ort?‘ﬁgtpeﬁf"c" nge aanitar §isiopenetingtia snultithread roede, the pradesst he

: ' nse to a,determ nation that
bt 0 of | duropEadh ta BIBEK T2 whFYBkupteh § GBEHMIEetch Re Masthgh of qrot
i nterrupt @ detpeted aved: oasuridnestwas genaiatéd ByHULE) Rt 30, or FE26 (i.e.

In contrast,t | pbal node, when performance nonitor 50 is operating in
mul tithr eé’&hﬁﬁ'!fg ovent eceupencadriengs tel the tfirst avent group)t hifead, ar e

. ' | 13 d.138 of Fi‘gure 5,
Pt b ead At is Iede fiefidr ke B B4 e apirs thasady 85 ©
pr esent ed depi¢tedratiBlockIF8.i HitAebad O is IRt 4RhAYRI, SRy ?g%éﬁgﬁ' cflrf&g[aﬁlég 1is

again active Aternatively, as illustrated at blocks
thread 1 it8 RleckyE8Pntwhialpillusintesithecevantt dcarmences tif meteqteds dding t 0

: i ' i til th d
51 L e iNshfitdll £ e bppRS3Rstedris of PMCPHVICH H6W8va7 fp Tesponse ' ™ *2
to a determination that thread 1 is the active thread, the process proceeds
from block 178 to block 182. Block 182 depicts the event occurrence, if

selected, being transmitted to the appropriate one of PMC5-PMCS.

Returning to block 1786, in response to a determination that a
detected event occurrence was not generated by U 25, FX 30, or FP 26,
the process proceeds to block 184. Block 184 depicts a defermination of
whether or not the event occurrence was generated by SC 23. If so—, the
process proceeds from block 184 to block 186, which illustrates a
determination of whether or not the event occurrence was generated in
response to procéssing thread O or thread 1. In response to a determination
< thét the event occurrence was generated in response to proéessing thread
o, .t.he process passes to block 188, which depicts sending the event
occurrence to one of PMC1-PMC4, if the event occurrence is selected.
~ Alternatively, in response to a determination at block 186 that the event
occurrence was generated in response to processing thread 1, the process
passes to block 190, which illustrates sending the event occurrence to one
of PMCB5-PMCS, if the event occurrence is selected.



.active. In Figure 3, this interrupt behavior is inplenmented by OR gates 104

* and 108 and AND gates 106 and 110. : - Referring nowto Figure
6, there is depicted a l-ogical flowhart sumrarizing the nmethod by which
PMC 1 -PMC8 within performance nonitor 50 are accessed. As illustrated, the

process begins at bl ock.200 in response to LSU 32 receiving an instruction
fromdispatch unit 21 that specifies gsparticular PMC to be read. In
response to the instruction, LSU 32 presents the PMC nunmber to performance
moni tor 50, whi ch aflaferning againl tatblotiodiB420a rdspenss tes detertrénationi s

ting.j Ltithread | obal node. As depj ct t_black 204, i )
e anso it B evdHe® Bl ofirefica? Wad PO adnaraill B B2 d, B dincess i
gl obal nogeschndd @ MBER 19 tvmicﬁq"eyira%sataﬁeﬁﬁidﬁioﬁf thaetiP ekiehired PMC

!
to a specified one of integer registers . Referring again
to bl ock 2egurrencecnasgeserates by B 2dtB A5, ondi2 pacHeinterfacerEiBi tor 50 i s.

operating_in nmultithre mode, .t he process proceeds to bl ock 206. Bl ock 206
i IDI ust ratg'.J é%s%f”lf&#é’r{h'ﬁ?léltﬁrﬁ“’&at\ﬂ%ttﬁ%te@ﬂ? Bgﬁur@%‘i‘e't* Pégﬂtqdri i§ roNdedct i ve
thread. | tmé%g,rg?}igté BRe B PVIC 1-PVEGE, the specified PMC address, which

[ nge of 1-4, |

~has a valid ra , 1's mapped to a respective one of PMC5-PMC8, as
Illustrated at block 208. Alternatively, if thread Ois the active thread,

t he specified PMC address is utiljpzed to access, a, correspondi ng qQne of
PMC1- PMC4, as depi c?@ﬁewnqmew@kaw  thergds dgpisied a lpg QOSYC%IWS PMC

addr ess edgrdt ariZ8Y. SHE Nheshript B@ﬂé%?id’fgpéﬂglirﬁaﬁ% trﬂ?nitor 50. Ag /s has

been descri e present 1 nvention provides a mu ead processor
i ncl udi ngilluspratéd, themrocess bieging dtblock 1 30atid thbredftyr pwvdeds tblidock

per f or man of |.ti,pl e concurrent threads en operating in. a first node.
o a1 3527t Wi st Taes & RTerRingtan ief PTHhBL S NGY ReTFoURRBOS o

o ocessor TSTARR H0 fo BRYPatidly W lfirea e AR dASRAMARIFRIBLGRGY | "o
at block 132 may be made, for example, by examining the_value of a
predetermined bit field within control registers 80. In response to a
determination that performance monitor 50 is not operating in multithread
mode but is operating in global mode, the process proceeds to block 134,
which depicts a determination of whether or not bit O of any of PMC1-PMCS8
has a value of 1. If. not, the process returns to block 132. However, in
response to-a determination that bit O of at least one of PMCs 84 is sét to
1. a performance monitor interrupt is generated, as illustrated at block 150

of Figure 5.

In contrast to globél mode, when performance monitor 50 is
operating in multithread mode only interrupts associated with. the active
thread are presented to software. Thus, referring to blocks 136 and 138 of
Figure 5, if thread O is active, only interrupts associated with PMCs 84a are
presented; interrupts associated with PMCs 84b are saved until thread 1 is
again active. Alternatively, as illustrated at blocks 140 and 150, if thread
1 is active interrupts associated with PMCs 84b are presented to software,

while interrupts associated with PMCs 84a are saved until thread O is again
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.17 has been particularly shown and described with reference to a preferred
* enbodinent, it will be understood by those skilled in the art that various
changes .in formand detail may be nade therein wi thout departing fromthe
spirit and scope of the invention.
18, , : CLAI VB .1 A system
conprising: a processor responsive to instructions within a first thread
and instructions within a second thread;gand " a performance nonitor
that separately records a first event occurrence generated by said
processor i gcfieePIFighre 3atiislihtfuptBaricns impRefeN@ID\E TR gafdy 1e4ce
generated by said processor in response to said second thread, wherein
said first andrt0®andr AR gatasd Gfeddskdbnd event occurrence are two
occurrences of the same event. 2. The system of claim1, wherein
sai d processor and said performance nonitor are both formed within a
singl e sem -conduct or RefBFihghRw to Figuré 6, thJHéQS%ﬁicQHH@Clogi@dlmolwcﬁéhd
performance nonitor including a first” counter and a second counter and
havi ng a fisymmarikzingfthe peetitdcdby witich ®MC WMRMICS avithingeerf ooitcror i s
operating 'gosé%gcgéggéd.n%%eillugglage ,Itr'ngtprc‘:séjeusgtb(?argirllsné:tr l?lg%Etzsbdlrﬁrespbnse

&
to LSU 32 receiving an instruction from dispatch unit 21 that specifies a

particular PMC to be read. In response to the instruction, LSU 32 presents
the. PMC number to performance monitor 50, which as illustrated at block
202 déter_mines whether it is operating in multithread or glot\)a{rﬁbde. As
depicted at block 204, in response to a determination that performance
monitor 50 is operating in global mode, performance monitor 50 outputs the

value of the specified PMC to a specified one of integer registers’ 38.

Referring again to block 202, in response to a determination
that performance monitor 50 is operating in multithread mode, the process
proceeds to block 206. Block 206 illustrates a determination of whether
thread O or thread 1 is the active thread. If thread 1 is the actiye thread, the
specified PMC address, which has a valid range of 1-4, is mapped to a
respective on'e of PMC5-PMCS, as illustrated at Block 208. Alternatively, if
thread O is the active thread, the specified PMC address is utilized to access
a correspondirig one of PMC1-PMC4, as depicted at block 210. As
illustrated in Figure 3, this PMC address mapping is implemented by

< addressing logic 90. |

As has been described, the present invention provides a
multithread processor including a performance monitor that can individually
monitor the performance of multiple concurrent threads when operating in
a first mode. In addition, the performance monitor can be configured by
software to operate in a second mode in which all event occurrences

generated by the processor are monitored collectively. While the invention
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<response to said first event occurrence and said second counter increnments
in response to- said second event occurrence. - 4, The system of
claim1, wherein performance nonitor including a plurality of counters for
recordi ng event occurrences, wherein a first subset of said plurality of
counters are allocated to said first thread and a second subset of said
‘plurality of counters "are allocated §p said second thread, wherein for a
particul ar event, only a counter belonging to said first subset can

| ncrementy, dé@bé@ﬁ%ﬁ}?ﬁu&é’rhﬁ@h%%‘n”a‘h%”@é’ é?fbe%lab\ﬁ’th F&%Pérgéeﬁ i gaeé?é‘l’e rRfer at ed

while said first active a counter to said
second suimbbodiment, rit veilteb¢ uUnderstopahby thosamkﬂeddnrwmomasarahmtl cul ar
event generated while said second thread, is act,ve. The system
of claim aﬂﬂf‘ér'@%"@aﬁ' ﬂeFa'b ﬁa%mﬁs*ﬁ.thsremwt@mmnedéonbt he
operatio [ mance nonitor is operating in said :
second ré msfs‘g.%°;ﬂ% coun eri(ﬁicrerrents in response to both said first

event occurrence and said second event occurrence.

19 6. The system of claim 1, wherein said processor generates
occurrences of a plurality of diverse events in response to said first and
second threads, wherein said performance nonitor includes a control that
sel ectively determ nes a subset of said



plurality of diverse events for which occurrences are reﬁmnﬁmlunlmllllﬂm
* The systemof claim1l, said multi threaded processor exe il
thread and said second thread one at a tine, wherein-at |&ast dne” °
instruction within said ~Second thread is executed by said processor
bet ween generation of “said first event occurrence and a third event
occurrence generated in response to sal8l first thread, and wherein said
performance nonitor records said first event occurrence and said third
event occuCLAIMS:t oget her. 8. The system of claim1, wherein said
processor generates said first event occurrence while said first thread is
i nacti ve. 9. The system of claim4, and further conprising
?qdressingmh&ﬂﬁgcl dﬁé?i n response to a read request fromone of said
irst and second threads, said addressing |ogic maps said read request to
a particular counter in a corresponding one of said first and second
subsets of counters. 10., The system of claim4, and further
conpri si ngli nt efrSyRteqeRAMEPIISIAGEi rcuitry, wherein said interrupt ,
generation circuitry generates an interrupt in response to a state of a
counter in said first subset only when said first thread is active and

generates an interrgprot8ssIREPEAsivVE t6 instRlictions WithinaFiest threadlafidsecond

subset only when said second thread is active. 11. A nethod of
per f or mandBstryatiopsiwihin arsaeondmtireadit#ndaded processor, said net hod
conpri si ng: within a nmulti threaded processor, processing a first

t hread and a second thread,
a performance monitor that separately records a first-event

occurrence generated by said processor in response to said first thread and
a second event occurrence generated by said processor in response to said

second thread. : .

This Sheet Has Been Replaced

(R




~

>

.generating a first event occurrence within said nulti lmnﬂmﬂmmw n
response to processing said first thread and generati ng

occurrence within said multi threaded processor in respofise® td‘pﬂoce55|ng
said second thread, wherein said first event occurrence and said second
event occurrence are two occurrences of, the same event; and

20 recording said first event currence and said second event

. occurrence separately. 12. The method of claim 11, said nulti

t hreaded progess r ; : r event
occurrences, ﬁmhe?zp%@gg%rsb? @Sgégt% %g‘l %‘%ﬁ’?’gﬁrﬁ@ ahp sglgﬁgfers

al | ocat ed t omeaitdr fare dothHoeaddandthin acsingld semiisehdottosaiubspdateal ity Of
counters are allocated to said second thread, and wherein said first event
occurrence and said second event occurrence are two occurrences of a
particul ar event, wherein said step of recording said first event
occurrence and said second event occurrence separately conprises:

i ncrenmenting3a coUhéesyshemoof)iClginy ol ,ssdid gerfarmandesrionitor iReRANSE d Girstn
occurrence of said particular event generated while said first thread is

. active; and counter anér%m%goanwmmaw agsigods of aneratieanwhereiset i n

esponse 10 GRenOGiH! §&6mahcs thonkar id 6PbAling" RMbaid itk Thde aLid" P&

second t hrea
counter increments in response to said first event occurrence and said

second counter increments in response to said second event occurrence.

PV —

4. The system of Claim 3, wherein said first event occurrence and said

second event occurrence are two:occurrences of the same event.

5. The system of Claim 3, wherein said performance monitor has a
second mode of operation, wherein when said performance monitor is
operating in said second mode, said first counter increments in response to

both said first event occurrence and said second event occurrence.

6. The sijcem of Claim 1, wherein said processor generates occurrences
of a plurality of diverse events in response to said first and second threads,
wherein said performance monitor includes a control that selectively
determines a subset of said plurality of diverse events for which occurrences

are recorded.
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<13. The nethod of claim 11, said nulti threaded processor n mmmﬂlunmmll
- performance nonitor including a first counter and a secoL I1 '
per_fp,r'm_ance monitor having -~ a first node of operation, whereih shid' st’ep*of
recording said first event occurrence and said second event occurrence

separately is perforned’in response to said perfornmance nonitor operating
in said first node, and wherein said r%%ording step conprises the step of:

and 1 ner endit | ng NeLPRERR SRt G R BLBadE! Procdathr BKBRlmREIAe

occurrence. first threatdandhgaidesdtshdthieladi She 4t R Hind UWHREINCATMEASH BHe
in response to a read request by one of said first and second threads,

mappi ng sai dstraetion wthistsaicdbsecqrud thread isrexasuted by isaichpromesespbetivegn one
of said first _and.secand . subsets of counters. . 15. The net hod of
laim 13, WREPBITHER ql Baiek Pamevethsirtb At &2 SYRUcoBFUBRBRSL i on
sai d met hod genetdtdd MOFBYpPoNsBOtd B8idSH@R tAfead, and wherein said performance

21 in response to sg;uc_l perfornmance nonitor operating In sald second
node, i ncr enemitomepcsaiis shid fitst@vent eccirrenes podsaid thitdewesbodctiirente event
‘occurrence ;Emd %ai d second event occurrence. Y

ogether.

8. The system of Claim 1, wherein said processor generates s_éid first

event occurrence while said first thread is inactive.

9. The system of Claim 1, said performance monitor including a plurality
of counters for recording event occurrences, wherein a first subset of said
plurality of counters are allocated to éaid first thread and a second subset of
said plurality of counters are allocated to said second thread, wherein for a
particular event, only a counter belonging to said first subset can increment
in respon_se to an occurrence of said particular event generated while said
first thread is active and only a counter belonging to said second subset can
increment in response to &n occurrence of said particular event generated

while said second thread is active.

10. The system of Claim 9, and further comprising addressing logic,
wherein in response to a read request from one of said first and second
threads, said addressing logic maps said read request to a particular counter

in a corresponding one of said first and second subsets of counters.
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«16. The nethod of claim 11, wherein said nulti threaded es
occurrences of a plurality of diverse events in responseﬂmmm'ltmgmlwi d
first and second threads, said nethod further conprising*the step ofs: =
selectively determ ning a subset of said plurality of diverse events for
whi'ch “occurrences are recorded. 17. The method of claim 11, said

nmul ti threaded processor executing saizi first thread and said second
thread one. at a tinme, wherein at | east one i nstruction vvi t hin said second .

thread is cuted b ald C eneratlon aid first event
occurrence and a yﬁ f&gadﬁh r@ﬁ’geftu PM‘?'HQI‘ St =9FREAHA £ r st
t hread, Sa'dircdmvh%éréfd 88id ﬁﬂ&ﬂhb‘é b@ﬁeid‘!ﬁrﬁéx%{nﬁfy géﬂ‘é?éfbé“ﬁn ﬁﬁté?nébf st
event occurrence and said third event occurrence togeth

met hod of dhaeapanse ther state ufi a coupperdh s;@dnélr%nsuhgsemrdyfwlnm saich fiirst
occurrence conpri.ses the step of generatin i.d first event occurr nce :
whi |l e said tﬁf% is (3tivey and’ Bﬁ&&ﬁqﬁé an lntegrufg INRSPQRSAYP & S %tﬁl and
further corgirtbrith sHRl 86&n@ subset onhORMENUHid Se8ind thRIAd ] abtivé! esponse
to a state of a counter 1n said first subset only when said first thread -

is active and generating an interrupt in response to a state of a counter
in said second subset only when said second thread is active. .
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22 12. A nmethod of performance nonitoring within a rmlmuluwlnﬁmuu
» processor,- said nethod conpri sing: W t hi 41 Lol L

processor, processing a first thread and a second thread; ¢ *

generating a first event occurrence within said nmultithreaded processor in
response to processing said first thread and generating a second event
occurrence within said miltithreaded pepcessor in response to processing
sai d second thread; and recording said first event occurrence
and sai d seco event_occufrepce separately. . --. e . .
23 13, Thel2ret Hod TBFINa%h; AT 1BeTeHPANGS aniiosage dVithiN & s Bl itiveaged
performance mMBkkosod, Melid Thoh Ebmphisiynter and a second counter, said
per f or mance 2§nitor hgﬁ#ng a firstﬁﬁ5§ggﬁf operation, wherein said step of
recording said first event occurrence and said second event occurrence
separately is perforned iLn.respopse to, sai d performance, nonjtor operating
in said first node, and™ikuna; U@ﬁﬁfﬁqd@écﬂraf; oLt RiPCESHpLi a Hestitherad apdof
i ncrenenting sSadébhdd Sﬁlteacoounter in response to said first event occurrence
and incrementing sald second counter in response to said second event
occurrence. '

generating a first event occurrence within said multithreaded
processor in response to processing said first thread and generating a
second event occurrence within said muitithreaded processor in response to

[ R —

processing said second thread; and

recording said first event occurrence and said second event

occurrence separately. "
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14 The method of Claim 13, wherein said first event lﬂmnm
“second event occurrence are two occurtences of the sanﬁmumm'“ The
met hod of O aim 14, wherein said performance nonitor has a¢sécofd fod& of
oper.ation, said nmethod further conprising the step of: in
response to said perforfrance nonitor qperating in said second node,
i.ncrenmenting said first.counter in reggonse to both said first event
occurrence and said second event occurrence.

TH S SHEET HAS BEEN REPLACED
This Sheet18ias PrENMBERGACSH Claim 12, said multithreaded processor h'a\llng
11112¢il11121111112¢i11 The

met hod of Rerdprmance mpeiter indudingralfirst pevatsanst ssesond counter. sa:d
performance monitor having a first mode of operation, wherein said step of

recording said first event occurrence and said second event occurrence
separately is performed in response to said performance monitor operating

in said first mode, and wherein said recording step comprises the step of:

incrementing said first counter in response to said first event
occurrence and incrementing said second counter in response to said second

event occurrence.

. 14. The method of Claim 13, wherein said first event occurrénce and said

second event occurrence are two occurrences of the same event.

15. The method of Claim 14, wherein said performance monitor has a

second mode of operation, said method further comprising the step of:

in response to said performance monitor operating in said
second mode, incrementing said first counter in response to both said first

event occurrence and said second event occurrence.
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generates occurrences of a plurality of diverse events |

processing said first and second threads, said nethod fmllmmmuﬂﬂm
the step of: .. selectively determ ning-a subget¢oftsdlds * .
plurality of diverse events for which occurrences are recorded. 17. The
met hod of Claim 12, said nultithreaded processor executing said first

thread and said second thread one at 24tine, wherein at |east one
instruction within said second thread is executed by said processor between

gener at i oggof hd fd ept .. r angd.s 14 Sdusgpce
gener at edﬁisn rgﬁgorﬁiﬁ?g ?gi g‘?‘ﬁfg]t%tﬁ)r?%g%fa g%tlladHryé lﬂﬁggggﬂétﬁer cscs)(rsnpari si ng
t he step génemates docursendes iafsta plaalityoof udiversee eaedtss dm dreispiondecyent

occurrence together., ., 18. The t hod of .Cl ai , erein said step of
gener at i nBregassing said firstAnd secap ém?@%éo%é] m%?Oé %BF"E@EBOEW"WF%@ in
sai d firs%iﬁygﬂt occurrence while said first thread is inactive. :
25 19. % met hod of Claim12, said nultithreaded processor including a
plurality of counters for recording event occurrences, wherein a first

subset of said pluraljty, of counters are all oca&ed,to said first thread and
a second subset of &gleFtiyely deteymming A subsel af said pharaliby afodiverse second

t hr ead, aggeme{cﬁi‘nh&q,i gc&hfr@hc@%{%’?& g&ﬁ,ﬂ[__}aence and said second event
o] [

occurrence are two occurrences a Bar cular event, wherein said step of
recording said first event occurrence and said second event occurrence
separately conpri ses: :
17. The method of Claim 12, said multithreaded processor execdting said
first thread and said second thread one at a time, wherein at least one
instruction within said second thread is executed by said processor between
generation of said first event occurrence and a third event- occurrence
generated in response to said first thread, said method further comprising -
the'step of recording said first event occurrence and said third event

occurrence together.

18. The method of Claim 12, wherein said step of generating said first
event occurrence comprises the step of g'énerating said first event

occurrence while said first thread is inactive.
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.tncrementing a counter belonging to said first subset in ﬂmwﬂﬂﬂl Ellﬂr“ “I
occurrence of said particul ar event generated while sai d

active; and - increnmenting a counter bekonglng to said second
subset in response to an-occurrence of said particular event generated
whil e said second thread is active. 20. The nethod of Caim19, and
further conprising: In respednse to a read request by one of

said first and second threads, mapping said read request to a particular

counter img coTkeREMEASfORIAI 13258Id! inUfithARlicte pRASSBP FRSIE IR g a
counters. 21.  The nethod of Caim 19, and further conprising the step

“of : plurahty of gonatars fog renotdingevept oceurrengas yehereima dirst sulmseta

ead,is active

s ot noptghif ity BHESIn@t hrd Bfifleaurter g Firkd BBy e Sekpd] 0 c ong

subset onlgghuaedf saidpRABRAHCT BbaAthrs aré@flbdsted to said second thread, and
wherein said first event occurrence and said second event occurrence are
two occurrences of a particular event, wherein said step of recording said
first event occurrence and said second event occurrence separately

comprises:

incrementing a counter belonging to said first subset in
response to an occurrence of said particular event generated while said first
thread is active; and

incrementing a counter belonging to said second subset in
response 10 an occurrence of said particular event generated while said

second thread is active.
20. ' The method of Claim 19, and further comprising:
in response to a read request by one of said first and second
threads, mapping said read request to a particular counter in a corresponding
one of said first and second subsets of counters.
21. The method of Claim 19, and further comprising the step of:
generating an interrupt in response to a state of a counter in

said first subset only when said first thread is active and generating an

interrupt in response to a state of a counter in said second subset only when

said second thread is active
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