PATENT APPLI CATI ON DOCKET NO.: 200315441-1 DECODED MATCH CI RCUI T FOR
PERFORMANCE COUNTER PRI ORI TY UNDER 35 U.S.C. 120 AND 37 C F.R 1.78 [0001]
This application is a continuation-in-part of the follow ng co-pending
United States nonprovisional patent application(s): (i) "GENERAL PURPOSE
PERFORMANCE COUNTER, " Application No.: 10/635,083, filed on August 6,
2003, in the nanme(s) of Richard W Adkisson and Tyler J. Johnson; and (ii)
"MATCH CI RCU T FOR PERFORMANCE COUNTER, " Application %Tﬁm@é&é&ﬁ%%@’
filed August 6, 2003, in the nanme(s) of Richard W, Adkl §san,@nds,ly J.
Johnson; both of which are hereby incorporated by reference in their
entirety. CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0002] This application
is related to U S. Patent Application No.: 10/635, 103, filed August 6,
2003 entitled "DATA SELECTION CIRCU T FOR PERFORVANCE COUNTER' (Docket No.
200209000-1) and U.S. Patent Application No.: 10/635,373, filed August 6,
2003 entitled "ZERONG CIRCU T FOR PERFORMANCE COUNTER' (Docket No.
200209001-1), both of which are hereby incorporated by reference in their
entirety. 1 PATENT APPLI CATI ON DOCKET NO.: 200315441-1 BACKGROUND [0003]
I ncreasi ng demand for conputer systemscalability (i.e., consistent price
and performance and hi gher processor counts) conbined wth increases in
perfornance of indivi dyabo&PRRRRCARSyEORH BHedriCE Hobivarsy st ens

manuf acturers to optim ze core systemarchitectures. One such systens
manuf acturer has introduced a server systemthat neets these denmands for
scalability with a famly of application specific integrated circuits
("ASI Cs") that provide scalability to tens or hundreds of processors,
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for communiCabs %nsg a?ld&a(gt §E ttr ans?lgé]}sg?ys A o1 (s)

“GENERAL PURPOSE PERFORMANCE COUNTER,” Application No.: 10/635,083,
filed on August 6, 2003, in the name(s) of Richard W. Adkisson and
Tyler J. Johnson; and (1i) “MATCH CIRCUIT FOR PERFORMANCE COUNTER,”
Application No.: 10/635,373, filed August 6, 2003, in the name (s) of
Richard W. Adkisson and Tyler J. Johnson; both of which are hereby

incorporated by reference in their entirety.

CROSS-REFERENCE TO RELATED APPLICATIONS

[0002] This application is related to U.S. Patent Application
No.: 10/635,103, filed August 6, 2003 entitled “DATA SELECTION CIRCUIT
FOR PERFORMANCE COUNTER” (Docket No. 200209000-1) and U.S. Patent
Application No.: 10/635,373, filed August 6, 2003 entitled “ZEROING
CIRCUIT FOR DPERFORMANCE COUNTER” (Docket No. 200209001-1), both of

which are hereby incorporated by reference in their entirety.



cache coherency, and for providing an interface to other hierarchies of
the nmenory subsystem [0004] In general, the CC conprises several major
functional wunits, including one or nore processor interfaces, nenory
units, 1/O controllers, and external crossbar interfaces al
interconnected via a central data path ("CDP"). Internal signals from
these units are collected on a perfornmance nonitor bus ("PVB"). One or
nore specialized perfornmance counters, or perfor oo t O are
connected to the PMB and are useful in coIIectkﬁggﬁgﬁngﬁaﬁ%gfz?ﬁwB for
use i n debuggi ng and assessing the performance of the systemof which the
CCis a part. Currently, each of the perfornmance counters is capable of
col | ecti ng mhakercbwmm only one presel ected portion of the PM, such that
the conbi natgopsy of akh-@fsihhespenkordmnerpoRuUntetsn tagebhety canecpol | ect
all of the data tont the PIéL/Bd V\h-kc!rrenartlcbei gnd L aégg IQS%Q.f‘tsoirs cHl%gi)mcorinl{ln@@rre
situations, “FThere aré many i tuations 1n .ﬂklcﬁ i't woul d be advantageous
for nore tHaRE OREFTERSENEN pBIFIGFTAEAT e COANTErS t T BYEEES FAEH FFoli t he sane
portion of diiee RyB.emsAdditdconadrbyto phtimbzd dodyeseheardragecasies- bénabl e to
llifse It Ihe Pféufci?r lQPé%%@s Cn%lrl{}ﬁat%l’t&érn hB{]eirﬁE&ﬁSQf Jettdd NiyBgedt &fﬁ&t ceves age.
inally, it wou e advant ageous.to be able .to use the_ pe
count ers to“ﬁﬁfc%mﬁ?‘ﬁtFér?agﬁ%ﬁfﬁﬁffgﬁsao%m%EXt%fﬁ?%a%?gﬁ%dgéﬁggfﬁck
boundar i es. ifFhewesdppliceis on'dSHEe) netats FPBIedoBIPPE heYst™at 281 - Phe- art
per f or mancentatditses s pra-ePAENTWHARPInE CARLGNg DOCKHE RedN@e: 02003 bBdhte 1 SUMVARY
[0005] In ong;gnhod Mt crtN€edIVenin.on, as Feathed dyQrdn BBirEhectaid CUI t
connected to a bus]_arr¥in 1_data“c'cl', e tch circuit LQES&Q?ﬁm»ke L; for
activating ¥ décoded- nBtERTSrgnal ““the I"0gic Tor “ackivVating a decoded
mat ch si gnairteorpresi aed 1i6gFerorivte doli WE @ ISHIPR el d3EdnprPPsishy a
sel ect ed pogdchenopérehbe, dad d@ot nrovidite eodedesiane Sogaaler hiwherceias ah active
bit of the ggp&g%gy§#ﬁ%ghgkd corresponds to a value of the sumfield; and

| ogi ¢ for conparing ecoded-sum signal with a ,
[0004] In general, the CC omprises several major functional

units, including one or more processor interfaces, memory units, I/0

controllers, and external crossbar interfaces all interconnected via a

central data path (“CDP”). Internal signals from these units are
collected on a performance monitor bus (“PMB”) . One or more
specialized performance counters, or performance monitors, are

connected to the PMB and are useful in collecting data from the PMB for
use in debugging and assessing the performance of the system of which
the CC is a part. Currently, each of the performance counters 1is
capable of collecting data from only one preselected portion of the
PMB, such that the combination of all of the performance counters
together can collect all of the data on the PMB. While this
arrangement is useful in some situations, there are many situations in
which it would be advantageous for more than one of the performance
counters to access data from the same portion of the PMB.
Additionally, it would be advantageous to be able to use the
performance counters in the area of determining test coverage.
Finally, it would be advantageous to be able to use the performance
counters to match arbitrary combinations of patterns aligned on block
boundaries. These applications are not supported by the state-of-the-

art performance counters.



mask signal and outputting a binary bit conprising a decoded-match signa

i ndi cative of whether the decoded-sum signal and the mask signal match

BRI EF DESCRI PTI ON OF THE DRAW NGS [0006] FIG 1 is a block diagram
illustrating general purpose data collection in a |ogic design; [0007]

FIG 2 is a block diagram of a general purpose perfornmance counter
according to one enbodinent; [0008] FIG 3 is a nore detailed block diagram

of the general purpose performance counter of FIG éaghgéﬁignggenbodlnent
ﬂ% 44

of a match/threshold circuit is illustrated; apgd illustrates
a nethod in which signals are mapped from an observabilty bus to a
performance counter in accordance with one enbodi nent. DETAI LED
DESCRI PTI ONsuBlARRHE DRAW NGS [ 0010] In the drawings, like or simlar
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every cl ock cycle As will be illustrated below, the general purpose

perfornance 685nters are "general purpose” in that each of themis capable
of accessing any bit of the 80-bits on the bus 104; noreover, all of them
may access shier Saseribraskoofrubicksvinand do the same or different performance

cal cul at i 0n§00T0E']er €0Ng1c. 1 is a block diagram illustrating general purpose data
collection in a logic design;
[0007] FIG. 2 is a block diagram of a general purpose performance
counter according to one embodiment;
[0008] FIG. 3 is a more detailed block diagram of the general
purpose performance counter of FIG. 2 wherein an embodiment of a
match/threshold circuit is illustrated; and
fo0009] FIG. 4 illustrates a method in which signals are mapped
from an observabilty bus to a performance counter in accordance with

one embodiment.

DETAILED DESCRIPTION OF THE DRAWINGS

[0010] In the drawings, like or similar elements are designated
with identical reference numerals throughout the several views thereof,
and the various elements depicted are not necessarily drawn to scale.
[0011] FIG. 1 1is a block diagram of general purpose data
collection in a logic design. As shown in FIG. 1, the state space 100
of a logic design under consideration is driven to data collection and
selection logic 102. The logic 102 drives a D-bit data collection, or
observability, bus 104 carrying a D-bit debug bus signal to a plurality
of performance counters 106(1)-106(M). In one embodiment, D 1is equal
to 80, M is equal to 12, and performance counters 106(1)-106(M-1) are

general purpose performance counters, while the remaining performance



[0012] FIG 2 is a block diagram of a general purpose performance counter
200, which is identical in all respects to each of the performance
counters 106(1)-106(M1) (FIG 1), in accordance with one enbodi nent. As
will be described in greater detail below, the performance counter 200 can
be used to perform general purpose operations to extract performance,
debug, or coverage information with respect to any system under test (SUT)
such as, for instance, the systemstate space 100@@\1@&&1@11 x 1. The
performance counter 200 includes an AND/ OR ci rggdidr ¥91, »@:madehf t hreshol d
circuit 202, an smsel circuit 204, an szero circuit 206, and a counter
circuit 208. [0013] In general, the ANDDOR circuit 201 enabl es access to
all of thedhtey bfc Mhelndedvagthas sspgnalodorming- | A it héeperfugrirante
counter 20814l a thhegabsar wabidsk t yerbotSnad@4 .coldt 08 eare Mbgthie AN hpr@Se”

il Tustrat edln tgatFSC@f og t%@rg 13:. %%Bijeg o?u&cggszﬂg a%g pll o§'t9@340 bme&'x t he

AND/CR circuit 1S oeratln? circuit activates an
"inc" signdl® P& A dartier &' c‘ﬁﬁ tth?t‘)S“aP’fa%‘fFFS otlhet?iaé‘ebﬁ?ko?f Hhes
debug- bus sidgdralthplsase twolilfi¢rent lpatfanancappendeditiserereon-as wil |l be

dﬁscri Ibed i[bfmﬂ]r eat eﬁx@lebaid absidaw, dibBadn 8f & QbndrBt Quesdse( p&tbndineat ed by
the value of an 80-bit mask Lus two.bits that are appended.thegreto) are
set. When THE-ANDOR &MUt milécai(l)\gera |§1n i ﬁe%i ee,a@?hgfc:gr%:wt
activates t¥refemenss gagiterd 1Ohe) cHiftier éTIchu} t 208 alcForélﬁS?ceoﬁé“anermre of
the bits ofeibheirdebugabusisi gnal dptarsbécheit woraddrt idenaill bbdlswt hate are of

i nterest (agerwmag@et eéodgyelt hgowvalde thewsmskepl yscbhe tuRraadditdonal bits)
are set. [OO%ﬂtlorl circuit 202 is eraging.in

tch/t hreshol
"mat ch" modé& & mat ch E}f)trrg?t or?eﬁ%%m?fle(‘;ddgﬁl “of "the cir chrllf?’%&acttl?r\l/at es a
mat ch-t hr eslf?asé%nttosﬁghaﬁiysﬁemt‘H@eN\lES’SGQ EIIITI’)CI:TPTT'h 201 WRENIEYANEDI £7° porti on
of the debugsbas sshgnabaseliectdwasindeser iibedrhenpgrfeatere detuatdr 2pel ow wit h

reference t&cﬁlth%sS%S%kD/éw%Ufctulgoéolancg tnt&%c@zcﬁfé;hgw Ciirtui 2062 maL.ches an
N-bit threshold pattern) for all hits se coungg an N—b mat ch mask
% (@

("mmask") . SHACk ?‘iércélﬁ%oz&nﬁ t5%°F o Clé‘ﬁltb%"t% o PATENT “APPLI CATI ON
DOCKET NO. : [02@@31544}_n ]_general the AND/OR circuit 201 enables access to all of

the bits of the debug bus signal coming into the performance counter
200 via the observability bus 104. In one embodiment, as illustrated
in FIGS. 2 and 3, debug bus is an 80-bit signal. When the AND/OR
circuit 201 is operating in AND mode, the circuit activates an “inc”
signal to the counter circuit 208 if all of the bits of the debug_bus
signal plus two bits that are appended thereto, as will be described in
greater detail below, that are of interest (as indicated by the value
of an 80-bit “mask” plus two bits that are appended thereto) are set.
When the AND/OR circuit 201 1is operating in OR mode, the circuit
activates the inc signal to the counter circuit 208 if any one or more
of the bits of the debug _bus signal plus the two additional bits that
are of interest (as indicated by the wvalue the mask plus the two
additional bits) are set.

[0014] When the match/threshold circuit 202 1is operating in
*match” mode, a match portion 300 (FIG. 3) of the circuit activates a
match thresh event signal to the AND/OR circuit 201 when an N-bit
portion of the debug_bus signal selected as described in greater detail
below with reference to the sm_sel circuit 204 and the szero circuit
206 matches an N-bit threshold (or pattern) for all bits selected by an

N-bit match mask (“mmask”). In one embodiment, for all bits of the



selected N-bit debug bus signal portion that are "don't cares", the
corresponding bit of mmask will be set to O and the corresponding bit of
the threshold will be set to 0. For all bits of the selected N-bit debug
bus signal portion that are "ORs" or "Rs", as will be described in detail
bel ow, the corresponding bit of mmask will be set to 0 and the
corresponding bit of the threshold will be set to 1. Finally, for all bits
of the selected N-bit debug bus signal portion that,are 09k cadQp' t cares”
or "ORs", the corresponding bit of mmsk w ||l bg-setxdo 2@031EQQ1§] The
enbodi nent descri bed herein enhances the normal match wth an "R' term
W t hout using any control bits in addition to mmask (the mask) and

t hreshol d (g¢ehiectrdt gDt Thiuy enbodionEintrocaienbehats ede f Blon’ arfpraEt cAhi rcui t
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two bits appendsed belowhecrdebugebrendgisghad .of| maskevwilll] bstseat ed ‘%erbddi ment
N is equal thteocélr@esﬂoggﬂné] pid cganer alresyienviihesdratchibt hr eshehdy cicecui t 202
IS operat I rﬁ.q i)nt migcrhe sePe’ctéc{]%T mt %thPOE)BA Osjlglgaqo pgg‘][lglqtéla‘: naltehgotgebug bus
si gnal any Arbrt rary bi‘nar fern of 10-bi t

bl ock bound#iores.caTdfi’soF n‘@Fﬂ'deéhWPélfﬁSH@“dén%rPét %fel’“BaSkof‘“l'ldBﬁ ietcé? e"

("X") on any. bit. Additionally, as indicated above, in one enbodi nent, the
detecting i fb(bh!sl]des n&ﬁ@mm[]&iltng@c resilibsa oferaih ‘'eLRBncoOPpahat ﬁ&ﬂapnnaal:}ll

desi gnat ed bl %S ("“g”) rm w1t§101§t VR det ect gﬁoq_ QL;SSQECA dlglcﬂagg%g

specific groups ‘of pacekets or states. chff I N one enbodi nment ﬁ match
portion 300¢ télen*}?ﬁsi‘éééldaﬁ‘re&?éﬁuéﬁWé“aﬁlﬂQ (" RNeReTPog R bi P *?eeﬁﬁ"é’séﬂ’f ed in
FIG 3 by aarsi iigled KANGRt gal eo:304A pafirn bickoguisonex usinpe- NGRqligto

(" XNCR ng")pe%féﬁr!aﬁ&t %qul%epgt Rt 0. 0f, ;hrgtgﬁtauw@ug shgnal out put from

the smsel circuit ., as described in detail below, wth an N-bjt
t hreshol d vhi®Ch may* %ésomepﬁ?ulvP+98ﬁ1 o @BntreY %t %Jt usr egPst 8“7 CSR') (not
shown), foraléxartpbess Are kerohi these gimate oetput (i.e., a first internediary

out put) fropotéle XNORhe match thresh event signal is one of the two bits
appended to the debug bus signal. In the illustrated embodiment, N is
equal to 16.
[0017] In general, when the match/threshold «circuit 202 is
operating in match mode, the match portion 300 detects in the debug bus
signal any arbitrary binary pattern of up to N bits aligned on 10-bit
block boundaries. This includes matching a one, zero, or “don’t care”
(*X”) on any bit. Additionally, as indicated above, in one embodiment,
the detecting includes matching the results of an “OR” operation on all
designated bits (“R”). This allows detection of specific packets or
specific groups of packets or states.
[0018] In one embodiment, the match portion 300 comprises an
exclusive NOR (“XNOR”) circuit, represented in FIG. 3 by a single XNOR
gate 30la, for bit-wise exclusive-NORing (“XNORing”) a selected N-bit
portion of the debug bus signal output from the sm_sel circuit 204, as
described in detail below, with an N-bit threshold which may be output
from a control status register (“CSR”) (not shown), for example. An N-
bit signal output (i.e., a first intermediary output) from the XNOR
circuit (represented by the XNOR gate 30la, although there may be as

many as N such gates) is input to an OR circuit, represented in FIG. 3



circuit (represented by the XNOR gate 30l a, although there may be as many
as N such gates) is input to an ORcircuit, represented in FIG 3 5 PATENT
APPLI CATI ON DOCKET NO.: 200315441-1 by a single OR gate 301b, where it is
bit-wise ORed with the inverse of the N-bit mmask, which may be provided
by a CSR (not shown) in one enbodinment. The N-bit output (i.e., a second
internmediary output) of the ORcircuit represented by the OR gate 301b
(each of the N output bits being generated by a sighalr i hRutaPR gate)
are input to an N-bit AND gate 301c, the outpuwoceir whi.Chososprises a
one-bit "match-mi signal. [0019] The match circuit 300 further includes
an enhancenent portion 301d for matching the "R' bits. The enhancenent
portion 301ky 2i fiePiri€8 wwne ANDP civhensi tt 1F epresent &¢divHtFIGe 3vByFeacsi ngl e
AND gate 3fiken-$:@r mhidk, WisiehAND ng bheribewveryse ofr t et Nstbivh) nmmske with t he
N-bit threghold.,Jhe Tht%tolp% émt Qf .t he, @3@0&' LGl he 3Q18 au%patnpgﬁ to an

AND circuit, represente in ngl e ate ere it is
bit-wise ANDEd W‘ilﬁc‘flﬁer%eé%ﬁtéﬁ R BI%/ ORo? t'ieorBiOlki‘l>l % eb’%hgﬁe %’ & gnal

out put fronvitthecedny siehereirE b ta EwalﬂTenNtbPl% Jpt)peke dFPUChER AND'-PEY r cui t
301f is inpaip t@c@andl ERpuucER citr Guidn 3Dheyriswhes eond-bits GRech_mwi th t he

single-bit {provided by N-bit NOR gate) of the N-bit output of the AND
circuit 30leto generate a single bit "matc I, nal . Tr]% matcth OR
signal and t¥é°hat ch T B GHalcar et il f%thﬁﬁ l%‘f\]llﬂ %at & 3TR™THE" out put

of which i spaniel doatfeh wicgnab thvat'Ri Sifnpufhe tegharreminipoertedr 2 °two- i nput
MUX 301i . [0R2(]esThe x@t chrdbf CWHebra3@fcdaunt here. i nchpdesisyldeandedtesrat ch
pOI’tI on 301&0‘1(5' %O&%tdﬁggdﬁgl@EEQ 199&!};&%0& gk%lhlbl"{_l M@LSNIQ]] fhEellT gth

corrprlsmgthe owest six bits of a select 3] el d out put from the
sm sel circutes>o4; iT&e %Btft PFUs Yebtiaal” § ﬁ?lt fes d‘ﬁt PEE- I Whih is a
decoded suneisicghal reorpitsd rig 84" dney lhotingd¢ gwal grte| 3044 | vhepe itr ézogni zed

that if theblvcawse AifpeaUith: He E@le@ﬂé&ﬁllv—ﬂl@_ Yorthiene bide ¥emdlf pusheigdecoded sum

signal wll _be active and the renmaini b| tsu | ] Z For
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c1rcu1t 301f 1s input to an N+1 input OR c1rcu1t 301g where it is ORed
with the single-bit NOR (provided by N-bit NOR gate) of the N-bit
output of the AND circuit 30le to generate a single bit “match OR”
signal. The match OR signal and the match_mm signal are input to an
AND gate 301h, the output of which is an old match signal that is input
to one input of a two-input MUX 301i.

[0020] The match circuit 300 further includes a decoded match
portion 3017. In the decoded match portion 301j, a sum[5:0] field,
comprising the lowest six bits of a selected[15:0] field output from
the sm_sel circuit 204, is input to a decoder 301k, the output of which
is a decoded_sum signal comprising 64 “one hot” signals. It will be
recognized that if the value of sum[5:0] is equal to x, then bit x of
the decoded _sum signal will be ‘hot” or active and the remaining bits
will be zero. For example, if sum[5:0] is 000011, then decoded_sum([3]
will be high and decoded sum[63:4] and decoded sum[2:0] will be low.
The decoded sum signal is ANDed with a 64-bit mask designated
“mask{63:0]” via an AND circuit comprising 64 two-input AND gates,
represented by an AND gate 3011. The output of the AND circuit 3011 is
input to a 64-input OR gate 30lm, the output of which comprises a
decoded match signal that is activated if any of the “one hots” of the

decoded_sum signal designated by mask[63:0] is active. The



wi |l be high and decoded_sunf 63: 4] and decoded_sun{2:0] wll be low The
decoded sumsignal is ANDed with a 64-bit mask designated "mask[63:0]" via
an AND circuit conprising 64 two-input AND gates, represented by an AND
gate 3011. The output of the AND circuit 3011 is input to a 64-input OR
gate 301lm the output of which conprises a decoded match signal that is
activated if any of the "one hots" of the decoded sum signal designated by
mask[ 63: 0] is active. The 6 PATENT APPLI CATI ON DOGKEIMNQprr&B39315441-1
decoded match signal is input to a second i nputpoeket k€. :Mb6336dkii-1 A control
signal designated as decode-match-node froma CSR 301n controls operation
of the MJUX 3011 to output either the output of the AND gate 301h (when the
decode- mat ctecadefereiht pidnasi gnakrits tdeactscoed edren®tt Ree Myt ¢Hiporti on 300
IS not oper@hnthg biyndecRdegdmmid s mdeje aitchhedoutptita cof 3bhe CRgate 301m
(when the de %99&3@5&%@%@ §dlgn@4 oh&@cuaﬁ@; etqileaaﬁpu@ he mat gl RAELi on 300

is operatin ecod as a match nal 021] (pe mat ch

si gnal out ptt*®f BT t e Wd%ﬂc}’i—goqenﬁ‘ﬁﬁtr?]o Ségnafll %tdef‘ﬁtt[)‘u?tegf M 3010.
When t he natachl tdereshob@ éf rogi tre2@2npsin dperdatiangh Wd?ﬁapéhth?oﬂletpeas
controll ed &Y che 20| £ELI VAN CONEL Ghe SRR natcl.ide diBea1mas chtthresh# contr ol

Si gnal) ﬁle”%é:ﬁ %b&q io% q%‘lt (&)% [)71%520[9 tﬂgowéag&lgoéé tape match

mat ch-t hresh-event Signal to t circuit, as described above.
[0022] As a°B3Uult of the operation of the match portion 300, no extra
random | ogi £00R8] r equiThedvafor devoddiongpysadket $horMEt gPels isnteput” ope2 hot "
signal s, th(‘xbt arpud-& ta sygnahs. thakntf@rmiattdh@mﬂeehcadl ogiwit "% fer each

val ue ofthe T th LGuj t e S.an.N-bit
pattern fi el'd E?S QQEJ];B%@ d‘loq!l&1 bg é Si%%gm{l h&%#god?ér}rleat

descri bed herei ntll?ar‘FaFrﬂ’t/ElPFeéh% %F“Paﬁg%“%f p%FFt BETE SEFEY &5 cBHYEht i onal
mat ch ci r cuftop whe chuxoralespendse tmrtah |tavedh efenANBigrgat ¢s. tFheAXdrbRancenent

portion 301d.adds & kevelvaf afRegates to the AND gates. For exanple, a
convent i ona[ O?gg]tch Ci rcwt It cpel%8 ?Fea:atlo'r'llgf tgjatéatglg €020 %OI, 29" bits
an

re
are zero, all ot bits are ,
extra random loglc is required for decoding packets or states into

“one-hot” signals, which are 1-bit signals that transition to a logic
w17 for each wvalue of the state. The match/threshold circuit 202
requires an N-bit pattern field and an N-bit mask field. 1In addition,
the embodiment described herein can match a wider range of patterns
than a conventional match circuit, which corresponds to a level of AND
gates. The enhancement portion 301d adds a level of OR gates to the
AND gates. For example, a conventional match circuit matches if all *1”

bits are one, all “0” bits are zero, and all other bits are “don't

care”. The enhancement portion 301d generates a match if all “1” bits
are one, all “0” bits are zero, all “X” bits are “don’t care”, and at
least one of the “R” bits is one. The decoded match circuit portion

3013 adds the ability to match arbitrary combinations of patterns
within the data with a single performance counter.

[0023] The ability of the decoded match portion 301j to match
arbitrary patterns of patterns will be described in greater detail

below. In particular, it will be recognized that an n-bit input at the

decoder 301k produces 2° patterns. Accordingly, 2° combinations can
occur, where P is equal to 2". As an example, assuming n is equal to
2, there are 22, or 4, patterns (0, 1, 2, or 3), and 2%, or 186,

combinations of patterns. The decoded match portion 301j enables the



care". The enhancenent portion 301d generates a match if all "1" bits are
one, all "0" bits are zero, all "X" bits are "don't care", and at | east
one of the "R' bits is one. The decoded match circuit portion 301; adds
the ability to match arbitrary conbinations of patterns wthin the data
with a single performance counter. [0023] The ability of the decoded match
portion 301] to match arbitrary patterns of patterns will be described in
greater detail below In particular, it will be regegn zedéfaty an n-bit

i nput at the decoder 301k produces 2n patternsochecns di nglhys442L1

conmbi nations can occur, where P is equal to 2n. As an exanple, assumng n
is equal to 2, there are 22, or 4, patterns (0, 1, 2, or 3), and 24, or
16, conbi METForRTefitpatd ép metclial déc BednaraPeh o RAF BHs3B eahY es the 7
PATENT APPL{ GAFHtOhpuDOBEdedN@:y 3200315444 -1 prek il ecéanbindri@B0ateo spat ch al |
16 conbi natjQps ;af rpatterbs,produced by a 2-bit input the decoder 301k.
These 16 possi ble conbinations are set forth in Table | below Table |
lmat ch none 2match O 3match 1 4match 2 S5match 3 6match O orl 7match O or2
8match 0 or3 9match 1 or2 10match 1 or3 1lmatch 2 or3 12match O orl or?2
13match 0 or2 or3 14match O orl or3 #&Hmatch 1 or2 or3

1 match none

2 match O

3 match 1

4 match 2

5 match 3

6 match 0 or 1

7 match 0 or 2

8 match 0 or 3

9 match 1 or 2

10 match 1 or 3

11 match 2 or 3

12 match 0 or 1 or 2

13 match 0 or 2 or 3

14 match 0 or 1 or 3

15 match 1 or 2 or 3

16 match 0 or 1 or 2 or 3
[0024] Assuming that n 1is equal to 6, as in the illustrated

embodiment, 2%, or 64, patterns can be produced; accordingly, 2%, or
1.8447 x 10%, combinations can be matched by the decoded match portion
30175 .



16match O orl or2 or 3 [0024] Assuming that nis equal to 6, as in the
illustrated enbodinent, 2n, or 64, patterns can be produced; accordingly,
264, or 1.8447 x 1019, conbinations can be matched by the decoded match
portion 301j . 8 PATENT APPLI CATI ON DOCKET NO.: 200315441-1 [0025] An
exanpl e of the useful ness of the enbodi nent of the match portion 300

i ncl udi ng the decoded match portion 301 is as follows. Gven bits
specifying a transaction type and four additional QihtseashcAhelcating one
of four destinations, a conventional match cirGadbier g@NNSIoskdhcate a
"match" if the specification transaction type is sent to any one of the
four destinations. The enbodinent illustrated herein can acconplish this
resul t by usiops) an "R exerghef of thhas¢ounessdes trhnarpetingit 8¢ tA§ "tfesul t,
the enmbodi ngit;dd |3U§tIr@t1@&LnBeE1@é Ne6@fed askdnapbevet Bfijl ogiae wbihesut using

any more conLLol, bl {5 1S, al LOWNG 1oL L. RAkLALAS: Q. Be. L cheder [ 0026]

To reduce tfie nunber ts required, |n,the enbodi nent

i |1 ustrat ediioheFiny Sne t te ?\?lurbldtes“ﬁ&f‘ilé??ﬁ 3 eFYVFR- PR STRTE" f P&1°d Used for
a t hr eshol degpost iiofi 802 aofmatthre i€ivheustec202atiny wegerdcbed thesd 6%,SCBS it is
unlikely that athogetcjlether@&&hd&QEﬁdtQan?eoOrh%nanbh'lﬂnehhI’1&$1|iﬁllrdte{3101iéxle®1ﬂ 302

wi |l be used at_the. . spegi ally i the sm.sel:gi reui t:n204
suppl i es t h& same T4 Bh tho ]f)ésuﬁ Fiﬁoﬁ]l Tha" decoded mat ch Eortfloon 301j

enabl es t hedgpateaiien Pébft 2300 Fe6uitat ENf SPlPﬂdt“Feé]rty”c]ﬂﬁ’b’iaﬁS‘?l}%? & of*Ppat t er ns.
For exanpl esad & feher ef ligia wsiboubidsifiy ehd rand comeroni shes thes matehra Ol e,
0x25, Oxla, ndX&3far e MO OMaBHXO7,108dtgN t herli keatick 30K Ccanmaecospl i sh

i et S P brah 2abPLE y U D2 SARE, | ILENAONE b SheSalougount

certain set¥ 6t ransat |ori 9 tan be acco ed'wth N
counters, bt payrpreaiedd it hae rﬁiﬁﬁefrle%ﬁ “%?S‘Uﬁ?relastli%s}lql%FtoéﬂlonTﬁ‘iz °f nvention
enabl es suctmecetithiingeto be dasconpl isshed wstiv dssimgkedycowatt epth [F0928] As

al | uded to 18y a»gwn 3%t£hdat§ém@gghoflaegoqm%6m %up@t@wsatcanebe
produced. T ecoded mat chi ng_enbodi nent descr|218

same time, especially If the sm sel circuit supplies the same N

bits to both.

[0027] The decoded match portion 301j enables the match circuit
300 to match arbitrary combinations of patterns. For example, if there
is a six-bit field and one wishes to match a Oxle, 0x25, Oxla, Ox3f,
0x00, or a 0x07, then the circuit 300 can accomplish this. This
example is typical of the case in which one wishes to count certain
sets of transaction types. This can be accomplished with N counters,
but typically, the number of counters is limited. This invention
enables such counting to be accomplished with a single counter.

[0028] As alluded to previously, with a six-bit field, 28 = 64
patterns can be produced. The decoded matching embodiment described
herein can match none, one, two, three, and so on up to all 64 of them.
Specifically, there are 2°® = 1.8447E19 combinations and the illustrated
embodiment can match any of them.

[0029] When the match/threshold circuit 202 1is operating in
vthreshold” mode, the threshold portion 302 of the circuit 202
activates the match thresh event signal to the AND/OR circuit 201 when
an S-bit portion of the debug bus signal selected and =zeroed as
described in greater detail below with reference to the sm_sel circuit
204 and the szero circuit 206 is equal to or greater than the

threshold. 1In the illustrated embodiment, S is equal to N/2, or 8.



herein can match none, one, two, three, and so on up to all 64 of them
Specifically, there are 264 = 1.8447E19 conbinations and the illustrated
enbodi ment can match any of them [0029] Wen the match/threshold circuit
202 is operating in "threshold" node, the threshold portion 302 of the
circuit 202 activates the match-thresh-event signal to the ANDDOR circuit
201 when an S-bit portion of the debug-bus signal selected and zeroed as
described in greater detail below with reference tQ,lhe smsal& rcuit 204
and the szero circuit 206 is equal to or greatgpctdiaip t.hostdweshold. In
the illustrated enbodinent, Sis equal to N2, or 8 9 PATENT APPLI CATI ON
DOCKET NO.: 200315441-1 [0030] A conpare circuit 303 of the threshold
portion 302[0¢dtipar es? @mgany 7i@hispghal et puesialenmarheers 28t §oweFeui t 206,
described belsaw;7: oW diBniih@ulRast-i g fske@ntiSubt tR60f adsheidh ot hr eshol d
Slgnal and QHtgytﬁe%nl%?gquQQt g Eﬂg Lprﬂgr Hﬁthﬁéggghiggngraﬁgual to

the latter and a zer he out put of the conpare CII’CUIt 303

is input tcUEPSEcAnd FHpGEe ot ttﬁlé Weéoﬁ) HEEt ﬁP%ré hor3|e§1haél FOWigh  the
mat ch/ t hr eshoter ent euktro20 iitsioperat My obvput hefesholcdmprydesirele 3¢hr esh
signal is OiJst @H{Butf EOM tsBEorUXap3010: ase e p@ElChs tahl’tﬁﬁé‘l;heyﬂjﬂﬁl singaal to the

ANDY OR ci rc escribed. above, [ Q03 855, SEl Sl GURLa204 Sel ect s
an N-bit po |6n?1tco d?reSh 1§e6u “Bus’ i g%a%gergpl on a se:L [ected 10-bit

bl ock boundd¥yst rittg"Pot R O‘E‘Wét rrﬁ’f"&‘h“ﬁfor‘@?oﬁo@oes afitf R HhiEshel’ 8 por ti on
302 (FIG 39igodl thehemabedr threeshoke dereGed aBO2Z.and to a suminput of the
counter ci rs.‘ouhi] 208TheAssnp5@1vi¢qusdly sbat edecid dnhev-bid yskeahed:embodi nent,

Nis equal , 6., Jhe szero circyit z Jhrough al | but
one of S bITS® -;bl I gngaa ag sel Bcted i%%lgl %gﬁicgy{)o ‘ggl‘}}hl nto the
threshol d P6r f'¢ioh 8912”61? 1%Re2#httER/ HFFERASI BPIEE P 1i0F %f aftld ¥h&"Sum i nput
of the coumntel/tereshaid 2081itl| 72t hed ithl aistumatredt exfbodé meptterSciguegual to

ei ght. The sgl eCzlsegré«QoQélg, Qxla%g quacéarlylds%ratd@n&dbtaﬁgn@ywth@ Mahue of a
three-bit control sm sel input the sm ﬁrel uit 204. §0032]

Addi tional ‘Wetil gh‘? %@%ﬁod hﬁ’ufﬁgogpzéefﬁ? 8ﬁt 8P 1" %) th aﬁ but one of

bits aligned on a selected 10-bit block boundary 1nto the threshold
portion 302 of the match/threshold circuit 202 and the sum input of the
counter circuit 208. In the illustrated embodiment, S is equal to
eight. The selected 10-bit block boundary is identified by the value
of a three-bit control signal sm_sel input to the sm_sel circuit 204.
[0032] Additional details regarding the operation of the sm_sel
circuit 204 and the szero circuit 206 are provided in U.S. Patent
Application No.: 10/635,103, filed August 6, 2003 entitled “DATA
SELECTION CIRCUIT FOR PERFORMANCE COUNTER” (Docket No. 200209000-1) and
U.S. Patent Application No.: 10/635,373, filed August 6, 2003 entitled
“ZEROING CIRCUIT FOR PERFORMANCE COUNTER” (Docket No. 200209001-1).
[0033] In one embodiment, each general purpose performance
counter, such as the performance counter 200, is 48 bits plus overflow.
The performance counter 200 is general purpose in that it looks at all
D bits of the debug bus signal for an event mask plus two extra events,
eight separate selections of 16 bits for the match compare operation
and eight separate selections of eight bits for the threshold compare
and the accumulate operations. The eight bits for the threshold
compare and the accumulate operations are the bottom eight bits of the

16 bits selected for the match compare operation. Those 16 bits are
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circuit 204 and the szero circuit 206 are provided in U S. Patent
Application No.: 10/635,103, filed August 6, 2003 entitled "DATA SELECTI ON
Cl RCU T FOR PERFORMANCE COUNTER' (Docket No. 200209000-1) and U.S. Patent
Application No.: 10/635,373, filed August 6, 2003 entitled "ZERO NG

ClRCU T FOR PERFORVANCE COUNTER' (Docket No. 200209001-1). [0033] In one
enbodi nent, each general purpose performance counter, such as the

per formance counter 200, is 48 bits plus overflow pafhe perieimgnce counter
200 is general purpose in that it |ooks at all pobxda tis. .0foczbesdebug bus
signal for an event mask plus two extra events, eight separate sel ections
of 16 bits for the match conpare operation and ei ght separate sel ections
of eight bitlsgfest thelt hpleshdlcdndsghgrares &ivdnt He @8c FETRALEY of&PAtY ons. The
ei ght bits f:eendchend hiesbaltdd i@ompare and the accunul ate operations are the
bot t om ei ghtyoBits of ;fhe 16 bits végése%flg&lf %otmpppsteghtwrm@ﬁgeb@per ation.
Those 16 bits are 10 PATENT APPLI CA NO. : 200%15441 gl igned to
10 sl ot bouhidati‘es d8E %BHGHN ih gﬁGexe"‘r’rplbér yrerﬁ)beﬁlcﬁg "IFfangéhent ©

i |l ustrat edvdtph Fh@:shgld @84} idnpl FlIOS iamategnbieFeFars e g2l 002 cdfpti ses t he
debug_bus ﬁi-ggélaﬂ bltﬂes&g@ﬂit%d ﬂynr&e&ncé Myneraf @ £ncenenbempabus48ibnat he

mat ch-t hreshgl d-event_si g desjgnated g%g rg\f,eelrtgncg grﬂgperggo 402,and a

logic 1 bit, desr rltseesd reference nuneral 404. The d ug bus signal 401
conpri ses b Eh{-Pg° Pl%ievfrﬁe et 1% gAMT490; b‘tthe[8OHaPEh Fhr %Vseﬁfﬁgd event
signal 402 <ionpr.i ses bh¢ 8O} of bithetoeveptrsisesi dgral [8dnchft ee | ogres 1 bit
404 conprisgsnbit [81] of the events signal. [0035] As best illustrated in

FIG 3, the guents shonal. 400udbafio in bRE. doBUO- DS Skanah Mol by Lhe

mat ch_t hr esho event signa ogi ¢ 1 appende heret 0), are i nput
to a first F6giEPE-age %‘@&abfw%tﬁe th%l\lEi’tO%t@F?%ﬁf{) SSBPC FHP Purios&8° t hat

w || be destmibed appergréatheretotetrai kintdoel owa [OB86logRefstres g4 agfaitheto FI G
4, a conposiygodrBsk-signah 440 L 6esREI $65: an180nbi bedrBsdeasiignataaceesi gnat ed
by a refer ence. NUNEr a al 412,

[0036] Referring again to FIG. 4, a composite mask signal 410

comprises an 80-bit mask signal, designated by a reference numeral 412,

a match threshold event mask (“TM”) bit, designated Dby reference
numeral 414, and an accumulate bit (“acc”), designated by reference
numeral 416. The mask signal 412 comprises bits [79:0] of the

composite mask signal 410; the TM bit 414 comprises bit ([80] of the
composite mask signal, and the acc bit 416 comprises bit ([81] of the
composite mask signal. As best illustrated in FIG. 3, each bit of the
composite mask 410 (i.e., the mask signal with the TM and acc bits
appended thereto) is input to the first logic stage 304 of the AND/OR
circuit 201 for purposes that will be described in greater detail
below.

[0037] Continuing to refer to FIG. 4, eight 10-bit-block-aligned
l6-bit match selections are respectively designated by reference
numerals 420(0)-420(7). In particular, the selection 420(0) comprises

bits [0:15]; the selection 420(1) comprises bits [10:25]; the selection

420(2) comprises bits [20:35]; the selection 420(3) comprises bits
[30:45]; the selection 420(4) comprises bits [40:55]; the selection
420(5) comprises bits [50:65]; the selection 420(6) comprises bits

[60:75]; and the selection 420(7) comprises bits [70:5] (bits above 79

wrap back to zero.
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a match-threshol d-event mask ("TM') bit, designated by reference nuneral
414, and an accumul ate bit ("acc"), designated by reference nuneral 416.
The mask signal 412 conprises bits [79:0] of the conposite mask signal
410; the TM bit 414 conprises bit [80] of the conposite mask signal, and
the acc bit 416 conprises bit [81] of the conposite mask signal. As Dbest
illustrated in FIG 3, each bit of the conposite mask 410 (i.e., the nmask
signal with the TM and acc bits appended thereto) Ph%mnmh&qlww first

| ogi ¢ stage 304 of the ANDFOR circuit 201 for ppukdaos®s ideaisamld be
described in greater detail below [0037] Continuing to refer to FIG 4,
ei ght 10-bit-block-aligned 16-bit match selections are respectively

desi gnat ed B@38lef er eReferrignacals 420{0) - 82007y . fivptpdreicut@ss etk

sel ecti on 42Rf(0)se6 OMPANIS B6rt 1 bt Ser@sdhld Hyhen sed eatd Gnaxd26¢d picompy i Ses

bits [10: 25] ., ﬁ&%%é%b%%l ngnafl%% %Ltmﬂpraoﬁgéslbé tmésll %Qgr%@]mt hg.ssgl ecti on

420(3) conpri ses he selectlon g riges b|£

[ 40: 55]; tHE& SEFEEPi o’FFPrﬁsf(ﬁ‘f bé’or?ﬁrf’%e%a Bi &5 r65111t ¥ 55 SEI"8ction 420(6)
conpri ses bivsrse[ §0: 78] cownedi tch@agelségtal oAl U 2O )the ofiffRF S X Iht it $00 70: 5]
(bits aboveri79i1Wbap-cbagk z¢0 cBe,0a1 thbudPATENEs AR | GATION: HOGKERgNO. !
200315441-1, [ 0038 Ref Il 96,2081 nkd B Gondec LhE £ikboh Lagle.cl age 304

conprises an ANB” portion, represent ed” by an AND gate 304a, bit-w se
ANDI ng t he #FentlE SBRE=48D Wtwpf%éw%owﬁs& t & ‘i‘}‘e}ﬂilyw éﬂ%IORﬂ‘fftl%fhd an OR
portion, represented bygians(RegatiecI3@4iresf &7 thetinmits OR QRitAy idheticghver se of
t he corrposigoetlt;ga@j@ skgnahy, 410 with the events signal 400. It will be

recognlzed PQ?%’ altqgu%ht%ggngsqptgg)Fgﬁ anﬁ u%§f §% ﬂ%ﬁ@st& BBﬁpUt AND

gate 304a, the ‘AND portio the firs I c stage 4 “actually conprises
82 two-i anﬂreANEBu@a‘tce§n &-Arauar PR 92Ehe OBR 6r‘f‘it81ht o6f "'AB ¥ r¥AUYl bYi ¢ stage
304 conpri ses 82ourwos | Apub- DRugatugs 3tdent pecator_tesuttie ORigdeely304h: [ 0039]

The out put s, @f.the: AND Cﬁpﬁgﬂtqgn oft El’@ef:f.rlslf:SiogllggdtggegtBQQeargoﬂlpu@-rt% kput to

an 82-1 r]pl'lt82—1n atZ?ND?)g?t’e g{]oe (t?}lij(;[ %Htgpu(gfofm@vhfc% Ilss 1'n£llﬂ:ug:o t%e other input

of the MUX 308 as an “and_result”. A control signal (“and/or#”) which
may originate from a CSR (not shown) controls whether the AND/OR
circuit 201 functions in AND mode, in which case the and result is
output from the MUX 308 as the inc signal, or in OR mode, in which case
the or result is output from the MUX as the inc signal.

[0040] As a result, when the AND/OR circuit 201 is operating in
the AND mode, the inc signal comprises the and result signal and will
be activated when all of the bits of the events signal 400 that are of
interest as specified by the composite mask 410 are set. When the
AND/OR circuit 201 is operating in OR mode, the inc signal comprises
the or result signal and will be activated when any one of the bits of
the events signal 400 that are of interest as specified by the
composite mask 410 is set.

[0041] The acc bit 416 of the composite mask 410 is CSR-settable.
Setting the TM bit 414 in the composite mask 410 designates the
match thresh event signal in the events signal as a bit of interest;
not setting the TM bit in the composite mask will cause the value of
the match thresh event signal in the events signal 400, and hence the
result of any match or threshold operation performed by the

match/threshold circuit 202, to be ignored.
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one input of a two-input MJX 308 as an "or-result”. Simlarly, the outputs
of the OR portion of the first |ogic stage 304 are input to an 82-input
AND gate 310, the output of which is input to the other input of the MJX
308 as an "and result”. A control signal ("and/or#") which may originate
froma CSR (not shown) controls whether the ANDOR circuit 201 functions
in AND node, in which case the and-result is output fromthe MJX 308 as
the inc signal, or in OR node, in which case the Qirh@SAt rdSTQ@ut put from
the MUX as the inc signal. [0040] As a result, pobeir tdhe AWRPILR.circuit 201
is operating in the AND node, the inc signal conprises the and-result
signal and will be activated when all of the bits of the events signal 400
that are of [00R%t er estomsnsipgcitoi ety the FEONPOSI o NABK 2B atle &et. Wien
the AND OR@hbéiGhe Z0knkSc-OpeEAtdiRguitn 20R wnde pet Bescirngdsiignateacenpri ses

the or Iesuld. s gnabe and,ul.l Lhesackdeval efh uhen acraxnt%@etp;t the Rhts of the

events signa at are_ o nterest as specif th 93|te mask

410 is set. O} PrhePsacthrtPidie °OF*"t h& ¢ 85|at 1ée r%atéT( 41?3mt”y
CSR- set t abl egistSet Bing Ather Evberssingl 4ay naltsiﬁze ceNTPGEsi PSR BPG H8%i gnates
the match-{hnesh- exentgistgnaha i nit hecemebisesi gnalstasced bi F1ef 3i nterest;

not setting, t he -[NL bi ta I rbogﬁeercgl@glscl t2§8 %B@ﬁt%rl llsctg‘lgﬁﬁdt D}? s%@dllﬂg of the

mat ch-t hres ‘ent  Si gnal 1n the events sig 400, and hence the _result
of any mat c‘T’PuBFert ﬁF%’&ﬁo?lﬁn?ﬂpeer ati6h ?J‘E‘Pfjosteﬁeﬂ“ebfznﬁuﬁe"f et Eh/ PRie sl d

circuit 202gactoside imOswedr ibPuPATENE APPEAGATHONS POCKEFINO, re209315441- 1
[ 0042] Contmwlﬁg §QnEef 8mt endFlafn/dk, theiopgrnat i apcohiany, embadicrent  of

e U, Sredthl Gl B0 b e DREP L DR (LD LA EL ocORLALL. - he; count er

circuit 208°TE " En X DBit “Counter that can increnent by one, add S
bits, clearSneois Ioé’aldltaf’(i)&‘l the AR 025 Gotint TV aPHeC IR RSt e PR PIPYY Rbr
processi ng tmyad getc0cCuwiln berdaepgtco zex@ad THeeouteat w8 Bfe Bffe sreygiPster 312.

In the enbodi Ec&ée'dul%)‘s %ﬁlts@gdrédhﬂtg’r 36 2hd % egualinhOs 48c Lot es circuit

208 operation is enab I h
COITpI’I ses Olhlé: T/Jﬁ:ﬁu%NDSfi Wétlflv\él : putsq‘ﬂf\f) ogt%ﬂE efrrorgnagl]n? c1rc%n9 31@ VygéC

inputs to the MUX circuit 318 are the sum[7:0] signal output from the
szero circuit 206 and an 8-bit signal the value of which is [00000001].
The sum[7:0] signal will be output from the MUX circuit 318 when the
acc signal 1is activated; otherwise, the [00000001]1 signal will be
output from the MUX circuit.

[0043] An AND circuit, represented by an AND gate 320, bit-wise
ANDs the signals output from the replicator 316 and from the MUX
circuit 318. The resulting 8-bit signal is input to a register 322.
An adder 324 adds the 8-bit signal stored in the register 322 to the
48-bit sum stored in the count value register 312. The new sum output
from the adder 324 is input to a MUX circuit 326. Two other sets of
inputs to the MUX circuit 326 are connected to a logic zero and a
csr _write value, respectively. When a csr_write enable signal to the
MUX circuit 326 is activated, the value of csr write_value is output
from the MUX circuit 326 and written to the count value register 312.
In this manner, a value can be loaded into the count value register
312. Similarly, when the clear counter signal is asserted, 48 zero
bits are output from the MUX circuit 326 to the count value register
312, thereby clearing the register.

[0044] If neither the c¢sr _write signal nor the clear_counter

signal is asserted and the acc signal is asserted, the output of the
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gate 314. The other input of the AND gate 314 is connected to receive the
inc signal fromthe AND)OR circuit 201. Accordingly, when the counter
circuit 208 is enabled and the inc signal is activated, a logic one is
output fromthe AND gate 314. In any other case, the output of the AND
gate 314 will be a logic zero. The output of the AND gate 314 is
replicated by an 8x replicator 316 and the resulting 8-bit signal is
bit-wi se ANDed with an 8-bit signal output froma MMme {didar3d8. The
inputs to the MUX circuit 318 are the sum[7 : Rtk ghal 2caviput-f rom t he
szero circuit 206 and an 8-bit signal the value of which is [00000001].
The sun{7:0] signal will be output fromthe MUX circuit 318 when the acc
signal is actevated; iot veiwiese ot Hée[ GOBOOOTEI e sitghEdtehi 112 bethGaPHUt from
the MJX ci r&lﬂb&tlv[aﬂ)oé&lim@nsAMDs cii.eUj tche repueseEntied sby7an] ANBhgat eo 320,

bIL-wi se  AMBSINGR! G0ALS OULDULLE A bheLARLL cabor \&L0-aad, rfgr Qﬁ@the MUX
circuit 318. The resul al

IS In to ar An
adder 324 afYE ThE SV b tzoglrgeﬁ&}tssflbré*a 1"t 8 lilee GFSEEF” %’% emgﬁ he 4 48-bi t
sum st or ed dtn ithecwoentt veileue FEGILY erto3ipcremns ﬁé% s ft pot cFfom t he
adder 324 i&1Lopulidior a1 64d,Ctiid c32Ber Pabcuat her et sbeobnatlaputse t 0 t he

MIX circuit, 326 aLe ,GoNAEC sggrttee 3 {doc%cc%eglgnﬁnqu@c nGShe Wsist & Mal ue,
respectivel en a csr wite enable si to th MJX circuit 326 is

acti vat ed, EI"I‘?é“val ueAdeeé?FlWl’t”ed9‘éﬁlﬂlea]‘f°§eOLﬁ18ut PO RS MX & cgr cuit 326
and writtenertrord hete oemiterabnieouseydsst(@EG-312. is |avat¥obde nkprnetl 4 ot ue can
be | oaded ifdr@otdABcL QBIH: Va8t BN the3 brfoBhdtick adohiyterwhidn tdxeng

cl ear-counter n » er : O D ut.Lromithe MUX
circuit 326&t o] !I’%egiclohﬁ p%ggl u??ep ﬁg%%% %hl hé&gaﬁ%bg%ﬂgga lfzsgg]t he

register. [D0A4F P/ Feirt it the- cF Pk PA 'SPl PHSF PAESE earcaélo]ﬁ?lt er
signal is assertedd bandh¢ hen_aekt sirgwial 20§, aswetired fu%hecqyarapaﬁt opf thhe 13
PATENT APPLUGAT)ON ¢ ,DIGKET; NO. © 200315441-1 adder 324 is written to the

count value register 312 thereby effectivel d g [ ( t he
val ue of th&% 91Irr{? oF*Sighars” oxaric coﬁflge?/rlsoﬁ%ﬂ\%a i maﬁcp gn%(s:o%rn?s?/al ue

regi ster 31§prepkﬂﬂdtﬁgab|ﬁhqgeqbﬁ@gment described herein, u51ng the match portion
300 of the match/threshold circuit 202, can match ones, zeros, “don’t

care”, and “ORed” bits. It can also match groups of packets and
states. For example, it can match all packets with a “ROXR1" pattern
in bit positions 6 through 2 regardless of the values of the other bits
or bit 4. It eliminates the need for the logic being analyzed (i.e.,
debugged, performance-counted, or test-covered, et cetera) to have
extra logic to decode specific patterns into one-hot signals, rendering
a performance counter in which it is implemented more general purpose.

[0047] As previously mentioned, prior art performance counter
designs were not general purpose, in that they have limited range and
are designed solely for performance calculations and debug of a system
design. The embodiments described herein are general purpose, in that
the AND/OR circuit can perform calculations on the entire range of the
data collection bus 104. The embodiments also incorporate the concept
of coverage. In particular, by observing specific states in a logic
design, the designer can determine how much of the state space thereof
is being covered by the test vectors of a test suite. The designer can
thereby gauge whether more tests need to be run and what needs to be

added to fully test the entire design.
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counter circuit 208 results in the count value register 312 being held at
its current value. Finally, to increnent the value of the count val ue
regi ster 312 by one, the counter circuit 208 nust be enabled, the inc
signal must be asserted, and the acc signal nust not be asserted. [0045]
As described in detail above, FIG 4 illustrates that the entire data
collection bus 104 (FIG 1) is available for all of the performance
counters represented by the performance counter 20Q, 5BKiAME91cAh&M gener al
purpose. Al D bits of the debug-bus signal camcbgsuged 2di1the-AND OR
circuit 201. N bits aligned on bl ock boundaries can be selected by the
smsel circuit 206, enabling full coverage of the observabilty bus 104.

[ 0046] Previ®dsl perf ér naméenaadarioer st cdgl droatiemdeett ibpeshegpiugddus

t hr eshol di ng.ovihe SWQQQhHEﬂkud£5ﬁkf£ﬂd h&hEhngaMSimgmtﬁﬁenE@ﬁhmpmbéIOn 300

of the mﬁtch/tb ,eshold %er%'nts nCAL TBLGR, QNESye LELO S a@Q@ntzedcar e",
and "ORed" Bi" mat ¢ k

It can a groups of packets and é:or
exanpl e, i ta%é’ﬁlrf’?atl(’:wséﬁtlﬁ%lc%é%’s W F%Ouéd"ﬁef(%fre pat &Pt |lhn r top03| tions
6 through 2theegardbesshefigashend alodesicafionhecyihiere birfs thereisi tﬂ'l‘ZPOUH
el i m nat es &hertiegdsfoar tichecdegbe dbei fgsanaliyzedidi ag.set deluggedhpe

perfor MANC ez qggvglltngt tlaq{:nst eslt"o %Xgnqp%g vﬁxtllgeifk%r %)nb&ﬂmmgear@xéesérllbggl cto

decode speC| ic patterns into one-hot signals, renderi ng a per f or mance
counter in WrctEirEece thpPRettehit éd ¥orePYySRREAl 25t PEsethe F‘fﬂﬁ’ﬂ?‘]‘enﬁﬁ
previously m@enteonedengitieor iardchperfypesTarfc €CeOUHeRT as deskgnschipyags not

general purpQsg. pidd-ifatid ReYe have,d i Mﬁ@qnfartgeg@mablar eoglesiagneds sol el y

for perfor nee al cul atlons and bug ,SYst desi gn. ., The enbodi ments
descri bed ﬂgr gl ngare Gener alfpdr po%ge |%r)1 ?ﬁat m?Cﬁlme ’ Gifeult can

per f or m cal BUFBYIEFRS B IEhE e FIEOR EoREh GEOBF "thEe ld‘af%i“eﬁbetdi BEFFoT Bus 104.
The enbodi nents1ale0abmeotped atret t retcaneeptals ofaycever agezprlhedpart ¢ cul ar,

by observing..specisfi Gustatfseld) andRdif, desidhmpithesdesiigner wanveet erm ne
how much of the dstate space th%r eof%lh s, ?I rg,geugver Ed byethe JEs8L., vectors
er

of a test stie? The d&€ignré?*“cah uge Whetherore tests need to

be run and Wwﬂatﬁlcrlilé@d’s tibthbégh Feeedie dﬂFuF’r%} t%]szﬁstl??éfee?ﬂeinr el lyesT R 14
PATENT APPLL{ATH{SRrence to the embodiments described, e. g., 1l6-bit threshold for

pattern matching (where the bottom 8 bits are used for the threshold),
80-bit mask signal, 3-bit sm_sel, et cetera, various other
implementations can also be had.

[0049] Accordingly, all such modifications, extensions,
variations, amendments, additions, deletions, combinations, and the
like are deemed to be within the ambit of the present invention whose

scope is defined solely by the claims set forth hereinbelow.
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DOCKET NO.: 200315441-1 [0048] An inplenentation of the invention described
herein thus provides a match circuit operable wth a general purpose
performance counter. The enbodi ments shown and descri bed have been
characterized as being illustrative only; it should therefore be readily
under st oGHAT t aELAMMEPOls changes and nodifications coul d be nade therein

w t hout departing fromthe scope of the present invention as set forth in
the follown clalns For_.exanp whi | e ri bed
with referencg'to &n "RETC S ?O%Ecmnn?gglageéitugfq%‘“ nﬁggiﬁents

be i npl emn@edhﬁm@tcrlemrtcyp‘es(l‘@f’) Il@Gludswehl%SCc(J@tl@m i petevatingreel d

Pr Ogramwaksdéarq@tﬁr Eaydh( " EROAST)e (P600T sTabt 8/4:08 & de¥dde@SmatchPLDs" ),
generic array. "GAL") nodules, and the like. Furthernore, while the
embodi merft-§°%h w%nﬁé "Pe |nplenented using CSRs, it wll be appreciated
that control sioghal $301iy absowhedanphi&wmlﬁlahiwambetyknfao&hé¢dw@nners

i ncl udi ng,,. £ 08, exanpl @atyllrn@gu Y¥1eQbadBYub &1 oAPP! LRL:MhaaSCRR L8t ers or
Model Specific Registe g VBRs " Addi ti onaII althou gﬁﬁg cific bit

field si féstlFFa%C‘Ef’éeéﬂs‘f“i Foels SPETPRITh tPe"‘l‘ SPE cé’ft‘bhet e Bt s
descri bed, e.dogid6thirl) tfvreshmadiharthepdetaied_ nat®h9m@-0uh@r%fvhé bottom 8

bits are éiéﬁgl f.ak éd@u%m’@sg%mary BQ- Qb&pﬂg%lfg sl g@@ided&ni}!cﬁl §f@r§t@| et

cetera, various other npl enent ati ons can al so be had. %$049£ ordlngly,
al | suchJﬁﬁﬂ?ﬁﬂ&%tPBnghaﬁffeﬁg?oﬂ?xﬁe@éwpaﬁﬁ8ﬁ§L W ridife AEES |ons
del eti onspatclonbi nati ons, and the |ike are deened to be within the anbit of

the present invention whose scope is defined solely by the clains set
forth hereinbelow. 15 WHAT IS CLAIMED IS: 1. A match circuit (300)
connected to &-bus The0mytdartiyrwy <datdaithe fextélr cicPBrABIEBOIFNcl udi ng
| ogi ¢ (303p)if HoracttMaking 2 madeﬁoglﬂ;iamaméh shgnakscd herteig as(381)) for

activati a. decoded- mat ¢ risi l.ogi ¢ .(301k) for decoding a
sun1fielggcdﬁ%F?gghaogasepégF gaxﬁﬁgtggnh Jggﬁllﬁa?%n%n%é¥a decoded- sum

signal, wherein an active bit of the decoded sumfield corresponds to a
value of the sumfield; and

3. The match c¢ircuit of claim 1 or claim 2 further
comprising:

logic (301d) for activating an old match signal when a selected
N-bit portion of the data matches an N-bit threshold for all bits

selected by an N-bit match mask (“mmask”).

4. The match circuit of c¢laim 3 wherein the 1logic for
activating the match signal comprises a two-input multiplexer (“MUX”)
(301i) having a first input connected to receive the decoded_match
signal, a second input connected to receive the old match signal, and
a contrel input for receiving a decode_match_mode signal, wherein
when the decode match_mode signal is active, the decoded_match signal

is output from the two-input MUX (301i) as the match signal.

5. The match circuit of claim 4 wherein the logic (301d) for
activating the old match signal comprises:
logic (301b) for identifying a binary bit of the selected N-bit

data portion for which a corresponding bit of mmask is a logic 1;
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| ogic (3011) for comparing the decoded-sumsignal with a mask signal and
outputting a binary bit conprising a decoded-match signal indicative of
whet her the decoded-sum signal and the nask signal match. 2. The match
circuit of claim1l further conprising logic (301li) for activating a match
signal when tHegiat t3vlel r €o tcampaiing déeodésnraf &4t jderaneit heth 2

decoded- i@t-edspoh@nal his a&ﬂ'Mﬂieﬂareghoﬁear{mt&ﬁpﬁttfﬁigl ta obirlrgi mit or claim

2 furth 301d t ti | wh
urt her corrprl Si rrlrg |o1?1 Io? Q ﬁa .0[,.ac Evatde %eo%ﬁnrp@%%er%%gna en

a sel ect 0™ NBF ‘3°nat ches an b|t or all
bits selmected by an N-bi t match mask ("mrmask"). 4. The match circuit of

clai m 3 wher eingthe;bog %oiolrden@p%llﬁ tdaRg BiRgryadieho §Itgeaée1@eﬂw inses a
two-input nulti pI exer (" 1 havi ng a first gput connected to

recei ve the tRecoBed-rat T ng‘ij‘né‘l coryespuuad i Hpubt dBlifitcted t¥ 1 edei ve the
ol d- mat clansi fralhi@nd caresomindohg bApuif the theedioddng a dexiedér mat ch- node

si gnal , wher eIl%glé/\’h(%Blé)h%oge&gqgatrmgcﬁuemg&hsbﬂr!'ﬁlgn&ﬁ 1@Chi Rast he
decoded- rratch signal  1s romthe, two- |ndo MJUX (301i) as the match

signal . %f ﬁ*PFelPrﬁ‘Etdﬁl?ﬁl P&H?FPBF"%II& %9%heref the 1 ogic (301d) for
activating theoolid- fmtlth &mgrabicohpei sesch_ogétgng304akd fher mRrEEhORf yi ng a

bi nary bidi0f1 k0e38LCkedoN Bkicy dabaaportion for which a correspondi ng
bit of nmsSk is a logic 1; 16 logic (301c) for conparing the identified

binary bit wwth a corresponding bit of the threshold and outputting a
binary bit conprising a match-mm signal indicative of whether the conpared

bits match; 1,09 C 4307L) Oélrhgie@téﬁ‘ Y19 €3C R, AIHAAT Y.ohiti s0fg t hgyisel ect ed
N bit data portion for which a corresponding bit of mmask is a Ioglc 0

and for wWAPEH afctFor"’Y:ééb"i‘fﬁGPnéh‘bl Pest tRE"thrBSHolPd i182% 1Bl &1, Fogi ¢
(301g) f enaatdtcuainadngetdiednmttch Odnsignal astfivated.east one of t he
identified binary bits is a logic 1; and logic (301h) for AND ng the
mat ch- mm si gnal and the nat ch- OR
7. The match circuit of claim 5 or claim 6 further
comprising logic (301i) for activating the match signal when the
match circuit is not in decode match mode and the old match signal is

activated.

8. The match circuit of claim 1, claim 2, c¢laim 3, claim 4,
claim 5, claim 6, or claim 7 wherein the sum field is n bits and
wherein the match circuit (300) is operable to match 2° combinations

of patterns of the sum field, where P is equal to 2".

9. Circuitry (300) connected to a bus (104) carrying data,
the circuitry (300) including logic means (301j) for activating a
decoded match signal, the logic means (301j) for activating a decoded
match signal comprising:

means (301lk) for decoding a sum field into a decoded sum
signal, wherein an active bit of the decoded_sum field corresponds to
a value of the sum field; and

means (3011) for comparing the decoded sum signal with a mask

signal and outputting a binary bit comprising a decoded match signal
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signal to create the old-match signal. 6. The match circuit of claimb5
further conmprising logic (301li) for activating the match signal when at

| east one of the old nmatch and decoded match signals is activated. 7. The
match circuit of claim5 or claim6 further conmprising logic (301li) for
acti vati ngdtcheivamtch wieghat Wrerddchéed parchigialc @id it8e nBRss n*'g88bde mat ch
mode and thg old match signal is activated. 8 The match circuit of claim
1, claim2, claim3, claim4, <claim5, claim6, or claim7 wherein the sum
field is n bits and wherein the match circuit (300) is operable to match

2' conbinations of patterns of the sumfield, where Pis equal to 2n. 9.

Gircuitry (30Q) conpectied, {9, PuUsa(d04}ruSaktYiRgrodahg: the circuitry
(300) including |ogic nmeans {30,1j % for activating a deé:hoded g&ttgh si gnal ,
the | ogi c nmeam82¥302P}if drractivatity aama‘é%&éanaglnﬁ'f%ﬁ si°givaf “Conpri si ng:
means (3Qik)nf@codecadichgmads wmdf iteé dddcntied madelc odedakuim asitgvrtled: wher ei n
an active _bit of the decoded-sumfield corresponds to a value of the sum
field; and means (3011) for conparing the decoded-sum si gnal Yvittgda mask
signal and ourp@nt iAelE BPHhAYIHAEIEApPLSIMRGa 3k éﬁ%‘?‘?ma[ ERSighal 17

i ndi cati werof pereiherott heedegodedtsiun singwabiandrebeldadkr signalitaat ch. 10.
The ofr Uit [y Al upll Ml dhera fOMRihskng: means (301i) for activating a
mat ch si gna en the circuitry is in decode match node and the
decoded-match signal is activated; and neans (301d) for activating an

ol d-match signal when a selected Nbit portion of the data matches an

N-bit threshold for all bits selected by an NNbit match mask ("mmask"). 18

18



