PATENT APPLICATION DOCKET NO.: 200315441-1 DECODED

MATCH CIRCUIT FOR PERFORMANCE COUNTER PRIORITY UNDER
35 U.S.C. 120 AND 37 C.F.R. 1-78 [0001] This application is a
continuation-in-part of the following 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 name(s) of Richard W. Adkisson and PF{&F JAPPLICATION
Johnson; and (ii) "MATCH CIRCUIT FOR PERFORMAREETHUNTRR 441+
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 PERFORMANCE COUNTER"
(Docket No. 200209001-1), both of which are hereby incorporated by
reference in the‘?@%‘?ﬁﬁ’étﬁ?‘?‘ﬁ%&?ﬁ%’%@?’Lﬁ@&ﬁgﬂ%% Ef NO.:
200315441-1 BACKGROUND [0003] Increasing demand for computer
system scalability (i.e., consistent price and performance and higher
processor counts) combined with increases in performance of individual
COMYBORENEPERMINYES 1©- dAve aBtém$ mahufdktlifers to optimize core
systam architectsresp 9 isuchssystemsimanifactorer hastroecddeing
server systendhatimeets sthesendesrands.for scalabilitymithaa fasaily)of (1)
QBBMLF?%%BE&&C IRiegRted.cireyisEASIGe hthal provide scalabiiy, i,
tens or hundreds of Processors, «\;’\r'lh”% yalgflrypgglt I%Igrh degregof . on ana
peHSTAnée S feliability and éfficiency- The key ASIC in this system ]
drdfittecturd fEeBel Tshtrifér (“'@6@% v(\?ﬁﬁccﬁ%y a Brocesssr 8 memory
imteteonrieet And is Yepondible forlconfditfitafiond®dAd data“fransfards) ©f
cachercohierenty samd farproviding’andnbedame frothert higrarehiges ofiereby

incorporated by reference in their entirety.

CROSS-REFERENCE TO RELATED APPLICATIONS

[0002] This application is related to U.S. Patent Application
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FOR PERFORMANCE COUNTER” (Docket No. 200209000-1) and U.S. Patent
Application No.: 10/635,373, filed August 6, 2003 entitled “ZEROING
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which are hereby incorporated by reference in their entirety.



the memory subsystem. [0004] In general, the CC comprises several
major functional units, including one or more processor interfaces,
memory units, I/O 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 datePH G tRe PAB TN
use in debugging and assessing the performancedfthe &)sten?! GHwhicn
the CC is a part- Currently, each of the performance counters is capable
ehertesating data from only one preselected portion of the PMB, such that

the &meinatm@a@urg thepesformance.counters stegetbencameelleatall .,
of the data on the PMB, While this. %ﬁ(&n&%m&nwogégumm@ combined
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tF%lHaék g?gﬁmpath (“CDP") . Internal s1gnals 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.



match. BRIEF DESCRIPTION OF THE DRAWINGS [0006] FIG. 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 [0009] FIG. 4 illustrates a method in whi&FRES[E Feis-aFeTIoN
mapped from an observabilty bus to a performaf&Eoufterif 003134411
accordance with one embodiment. DETAILED DESCRIPTION OF THE
BRAMANGS [0010] In the drawings, like or similar elements are

q_@ﬂﬁﬁlated with &%n@ﬁébﬁgﬁ%ﬁ%ncecﬁ@mg@l&E%EDUQJIQM&&Q&EV@J&E match
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érawn to scale. fOQll] FIG. 1 is a block diagram of general purpose data
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APPLICATION ‘DOCKET NO.: 2003154411 counter 106(M) increments
Sﬁté:\}/lery clock cycle- As will be illustrated below, the general purpose
performance counters are "general purpose” in that each of them is
cRPED|eEsCATEESBINgF afEDPRATINES80-bits on the bus 104; moreover, all
afothvem may access the sameblocksoabits 1andrdoitie sanmsbrudifferentdata
Refformapge salculationgdthergon. [0012] FIG. 2 is a block diagram of a

95965l purpase performange coynter.200, whigh,is ideplicaldd L. sormance
respects to each of the performance counters 106(1)-106(M-1) (FIG. 1),
.counter accordi to one embodiment;

in‘accordance WII%H one

[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



embodiment. 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 system
state space 100 shown in FIG. 1. The performance counter 200 includes
an AND/OR circuit 201, a match/threshold circuit 202, an sm_sel circuit

204, an szero circuit 206, and a counter circuit 208. ILOB’I%% %@hé?éﬁ%
AND/OR circuit 201 enables access to all of the BAS6f tHé-de %P@_l st

signal coming into the performance counter 200 via the observability bus
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ciscuite:activateswingincisignakto thelcounterl tirouas 288 §f arvy oreetor afiorehe
etthehits@f thadehugussignal plus thetavo additionaldaitsdthate arecaf one
interastdas indicated by the value the.mask plysdthe twaadditional bits) cne
are set. [0014] When the gpatch/threshold girquit 202 15.9PELAHOLN purpose
match” mode, a match portion 300 (FIG. 3) of the circuit activates a :
FRTCH (Ao it Snal 0 T AND/GH Bifctit 201 when S K bit > "2
B6FH6Aof the TEbRY BEE sIHSF séetited BE elifibetfin JfEatéPUY&aiF: the
IseRnswitherefereree {0 thehsiwpséhcifedit 204 ¢ tRe™S2ErgFCLiP 206" 200
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A its of the SBRTEPN-bY d8Bug Bus siGndl portioh that dre*oRs or >
"‘FQS"?%W“? b&descrilfigguo_bus 1s 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



in detail below, 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 not "don't cares" or

"ORS", the corresponding bit of mmask will be setto 1. [0015] The
embodiment described herein enhances the normal match with an "R"

term without using any control bits in addition to mmask (the mask) and
threshold (the match). This embodiment can be used f8RTENY PRI EIECHt
and for any pattern recognition; it is not limited to%%’ﬁ&r%%ncé%&&hfé}s

In particular, a match occurs if any "R" bit is a one. This is the equivalent
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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



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
embodiment. The N-bit output (i.e., a second intermediary output) of the
OR circuit represented by the OR gate 301b (each of the N output bits
being generated by a signal 2-input OR gate) are input to an N-bit AND
gate 301c, the output of which comprises a one-bit "match-mm" signal
[0019] The match circuit 300 further includes an enhan‘ifé“ﬁfé“n 563 ION
301d for matching the "R" bits. The enhancemenppor 13014 ‘et 54

an AND circuit, represented in FIG. 3 by a single AND gate 30le, for
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signaltwil e "het' amastive anddhe remainingbits-witl bewzero. bor the AND
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[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



decoded sum signal designated by mask[63:0] is active. The 6 PATENT
APPLICATION DOCKET NO.: 200315441-1 decoded-match signal is

input to a second input of the MUX 3011. A control signal designated as
decode-match-mode from a CSR 301n controls operation of the MUX

3011 to output either the output of the AND gate 301h (when the decode
match mode control signal is deactivated and the match portion 300 is not
operating in decode match mode) or the output of the Wﬁ éP§ i?ﬁTION
(when the decode-match-mode signal is activatedand the mate orf‘

300 is operating in decode match mode) as a match signal. [0021] The
ratchesigratbutputflonsthenpitd Xc 8041 eiopdt tomutfirst irghat ¥ MUX. A
3010-Vhen.the matchibsesholdcisarin20zhiscaperating irsratohnmeserols
@p%?%&g"%g hy.a ﬁ@J@%’f&QE‘ Q%nU@aign@:lth%ag tﬂ@e@x%&@/weéhl# £tk e
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381daadnogs alevelo es to the AND gatgssle:or é)lérr}nﬁle a
foﬁvenﬁBﬁaWﬁ?ﬁPéﬁ}ﬁ?(?Bﬁ EEERES iFATA) bits Ko BE all “Fpitd hrg P
Zéry arlt alf&thePbts afe td8én TaéﬁFe“PT?Féle‘Tﬂ‘?ﬁﬁcéﬁ’%ﬁtlp&ﬁloﬁ}?oﬂD/ OR
generatesas Medchibell db8Ysts are one, all "0" bits are zero, all "X" bits

amidpn't cares, andeatilleast ane efthed'Rnbis isreneaddie gecodeds oo, no
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ablllty of the coded match portlon 301] match arbitrar Og)g\tterns of

match thres
patterns wilf e désefibed ir grea%er detail
requires an N-bit pattern field and an N-bit mask field. 1In addition,

circuit 202

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



below. In particular, it will be recognized that an n-bit input at the decoder
301k produces 2" patterns. Accordingly, 2e 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 24, or 16, combinations of
patterns. The decoded match portion 301j enables the 7 PATENT
APPLICATION DOCKET NO.: 200315441-1 match circuit 300 to match

all 16 combinations of patterns produced by a Z-Bitci&f&t;ﬂﬁ’é d‘%@?iﬁrﬁoﬁ
301k. These 16 possible combinations are set forth in Table I'Delow:

Table I 1 match none 2 match 0 3 match 1 4 match 2 5 match 3 6 match
Gworck Zimvatich 800r & Sanelichl0 o¥e3 cOmriakchidner X ke rhateh Prad8ced] by
maichi 2 erdul 2-matedrfier hork?2 1thaatal @ess2re3cddbmatch: 3 arird set
QL3115 matgh.105,2:8f, 3 16 match 0 or 1 or 2 or 3 [00241 Assuming that
nis equal to 6, as in the illustrated embodiment, 2", or 64, patterns can be
produced; accordingly, 2 64, or 1.8447 x 1019, combinations can be
matched by the decoded match portion 301j. 8 PATENT APPLICATION
DOCKET NO.: 200315441-1 Table I

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 .



[0025] An example of the usefulness of the embodiment of the match
portion 300 including the decoded match portion 301j is as follows. Given
bits specifying a transaction type and four additional bits each indicating
one of four destinations, a conventional match circuit cannot indicate a
"match"” if the specification transaction type is sent to any one of the four
destinations. The embodiment illustrated herein can accomplish this

result by using an "R" term for the four destination bits?AA8N rRRTHE e O
embodiment illustrated herein can add a level of?8§¥g%ﬂﬁohtzl9§ignl§ 4a4nl;7 '
more control bits, thus allowing more patterns to be matched. [0026] To
reciaee the numbekobleontrahbitssksguired; wttheermibodimart Hiistratedtch
IRFLGor3, b Naditpatternfielisdbe same fipld tised fona theeskoltbllows .
Rorion, 302 of the; Gircuit 202, as desgribed beleweas itis unlikely thals cacn
both the, match. portion 300 and the threshold portion 302 will e ysed:at.s
the Sdmeé time. especially if%he sm. sel circuit 204 supplies the same, N

SRETO OB f06277 THR GBCadedhatRF pottidh 301 ehabies the thatch ="
circaity 306 tefmiateh arbitfany Comisiatiots OrFRREIRE FOEREMPRE, fferer
there dscamsixibi fieli and-eng wishes toimmtcinra akle, 0%25, Oxia, ©R3f four
QX0 n0x07s thensthe eirsuiit 30hearmaceomptishithist sl examiplecan
|§cﬁ,pelc§129£lth§fcwm whighone iWIQSQ§§ tQ.couni-cernin: setstdfis allowing

:&%Qéa‘l:at%%}xpet%bwi%fa%&;? a%‘algb?_'tisge$ r’\f_vﬁh Ne&?y@te@;e bultiumbe?] of
ypically, the number of counters is limited. This inyention .enables su

cotl ﬁﬁon)‘g(; fo Be Hetbmplishéd t\(/%v?thegb s(g%lgnignéoﬁ&ns%é%fﬁéﬁg] As %%)igu'déz %he "
previetisisTvith 2 Six it Helfr e S84 PR At B prstlicsar1%e *0* °f
déeodercriatchifg embisdiTnErrd@séabed hefein carhkteh fdhag, Bad: the
o cthree;tand Soonadp tehall 6d-edrtbempcBpiaeifically whérebarei28y at the
1L.8447E19 camhipatiaps and the dlustrated rembogimentgansnateh anye v
of them, [0029] When the match/threshold circuit 202 is operating in
Hiesfiold” mode. foe. upshald paion 302 o1 Ihe. eIl 292 AEENAIESrcus
the match-thres?]-event signal to tﬁe AND/OR tircuit 201 when an S-bit
pORich SPHE FEBhGBLS SYRArEEiSRted ama 26F68d a8 0edd B in = “or°
greatef detaltbEfewAvithcreteteNER Es the St Jelciftdi 264%andthé: °*3%-
Szem cireuit 20603, equahtotbe greaterithatpthecan  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.



threshold. In the illustrated embodiment, S is equal to N/2, or 8. 9

PATENT APPLICATION DOCKET NO.: 200315441-1 [0030] A compare
circuit 303 of the threshold portion 302 compares a sum[7:0] signal output
from the szero circuit 206, described below, with the least significant S

bits of the N-bit threshold signal and outputs a logic one if the former is
greater than or equal to the latter and a zero if it is not. The output of the
compare circuit 303 is input to a second input of the MB¥BD PGS @ TION
thresh signal. When the match/threshold circuit f@E%ToB%réti%oé’?ﬁs“l'l
threshold mode, the thresh signal is output from the MUX 3010 as the
matoh_thresh. evepirsignattotthe AND/QR circeiticas desciibed eboeepares
0031 The smgsel choyit204-selests aneNs-bitipestionzokthe<debigabusi ow,
signal aligned on a;selected 10sbjt hlockbaypndary inta bath,the neatelt ana
portion 300 and the fhreshold portion 30.(FIG. ) of the, marchithyeshold.,.
circhit 303 and'to a’sum input of the counter circuit 208. As Errgvcizggglyi 203

JBHET, ifrthé iMStratéd EmiSoBfhent™ ¥ i§ €804l °h 18 TREPSZ&S Girtui

206 7erves Ot feRethrtRyl aifbhbdNEHf B 1Bitdsalfyiddsh & s&tetted e
t6ehitnbiotkdboesiddry intodiie tireshold opertioin802rof theeshold mode, the
matehithseghald Girauit 202 anshthe.sunminpot ©f dhe tesunteegircuié 208vent
Iny theqllustrated epbodinment. S is equal 1e.£ightIhe selected 10-bit

higek poundagy is identified;by the value, ofa threg-bif contrglsigeal o cne

smsel inlput to th sm sel.circuit 204. [0032] Additional details regarding
: : ‘b ) th
t%eeb%%é)rzftlé’ﬁgo?t & 'stsel Qircuit 204 and the szero circuit 206 are

pRoviBREFTh BPE:Patelf Applicafion e 151688 16! éd Aliglist 8, FJod ™
entitlet MR TA SSELETTIGRRCIRCUITF OR PERECHMARCRunter circuit
CRUNEER D ookatyNe: 260209000<] ianas ta8e Patantibpplication Negual
10/635,373e filed:August 6: 2003 aniledoiZ EBQING SURCUIT HORne of s
RERFORMANGE GOUNTER; (Rogket Na.20020900]-1),.{0Q33] n.AN8 014

egnrbggrllms’et)gt'o%agpeg%ng r@}&lil”g)%%?cp ggpcrlmg CO% %g nttgg’ Sllilrg higpsu h%f the
erformance counter 5 6, Is 4 SbItS plus overflow, T e per?ormance

COUREF 2607 ' enétal purfosdin tHAYRTSORS at WP DS of thedeiilig™ =°
sdigSignal ter 2 effent Afask pIbsoftoRexitdrevents  Siyht'deparkig e value
sélectibnscob16 bits-for thvéaratcimcempare operdtignsm_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. 200205001-1).

[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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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 10 PATENT
APPLICATION DOCKET NO.: 200315441-1 aligned to 10 slot boundaries
as shown in an exemplary mapping arrangement illustrated in FIG. 4.
[0034] In FIG. 4, an events signal 400 comprises the d@’tﬁ@‘%lﬁpé AN
designated in FIG. 4 by reference numeral 401, fRECHET NO-: 20035544471
match_threshold_event signal, designated by reference numeral 402 and
allogiedl bit, desigrnated typréfeienceanurmerat 404, Tare debupldyys Sigpraing
401-coBMerises bils 494 of theevents signal 400; the
magehthresheld-gvent signal 402.camprises bibiBAlpbtheavents signalous
and the logic 1 bit 404 comprises bif [81] of the events sigRal,[00331AS ¢y
best illustrated in FIG. 3, the events signal 400 %i.e., the debug bus gigna(lj1
Wit the it thrsshold Bient STghal and the Togic 1 appended thereto)
ARFifpUtteta et iSRAE Staje STA G IR "ANETOR Gircuit 201 RP it otesat
thet willdvedesseribéd in gréatepldetall betow. [6088} Refeidpglagdiftto the
mkocd, taeompastesmaskisignal 440 eomprises anB0ibiiimask signakvents
designateg,by a.refergnee numeral dl Zoamateh-thresheld-eyent measkent s
(1M2) bit, designated by reference numeral 414, and an accumulate bit
(1888s) des'ggétggsgyir‘?}fg@pa%%dnymfé! 416, The mask signab41g, (; ..,

comprises bits [79:0] of the composite mask signal 410; the TM bit 414

SOmpfEREit B0 SPtHe EoMpbSite TAESK-SYREI°ARSHE ack Sitd16™ ©"°
derisridestie181] ot tednTI6siteRtadie sighiar sAs 1584f ilRisgatedinot the
RNB/& eactrbitoftite tompositesavasithdd0wieg., thre rrssk SigAaliwithtkaser
TEMand ®oebits appended thereto) is input to the first logic stage 304 of

tgp AND/OR Cikeuit;201 £k prrpesesdhat wilkbefgseribedingreatgtal 410

%%%%il”igglso%vﬁ [99 %ZLQ%@Q”%I irg]jgatp, r%@%ﬁ&%e@e@ éy %Igl!:gf erence numeral 412,
1aO-b|t-bIock-aI| ned

match threshold event mask (“TM”) bit, designated by 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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16-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 backFRFZEFREPPICATION
PATENT APPLICATION DOCKET NO.: 200315847%17[0038) Référing *
again to FIG. 3, the first logic stage 304 comprises an AND portion,
represented By @rAND gaterB04a, fochit-iseehANBimgtthé exientstsighnal 04
40Quwith-thercarpesite: Braskesignainddd, BndraanOBapertiorn represamntadse
QML?}[HgOBlQ3et$e§ps4l%ug?{a9't4%5§1@3mt@@mﬂBéf@Jéeng]Eh&%Qmp@ﬁ,e and an
Sk slangl 41001t e egns signal 400- Jtul e re6oonized Balng cne
althoug represente§ In FIG. 3 as a single two-,lngutﬁAND ate 304aélt?1§
AR 6rton B1theRSEidgic Sahe’ S84 Tadiiall conprisés 82 two-nput
ANDigatds, SaerrryethéOR portisivobf IRBTRITYIc Sty 304 28 @ single
comprises 8Rvepinpit‘@R getedNelarricabtocthe BRIgase 304HS[GO39] 304
Thewoutputsaf:the AND pestioncaf therfirgidegic stage1304y areninprt teoation
%g'lmtfglatgajﬁg&oaatq}fe O:LHQL@&&)\MBQB @IWMQP@BQW@IAE@& didentical
%oiiggggh@ggg%@s an "or-result". Similarly, the outputs of the OR
portion of the first logic stage 304 are input to an 82-input AND gate 310
th%’%)g_dtput of %kﬁic%u%_\lﬁps)u%ott e @tﬁe%o%tﬁlftn o tﬁ%eM%Q)?sé:O,[goagé%arsme&,age 208
Hivd FEHE A Borittol SyhaPt #3aFork§ whith CHEY orfgindtehrott a B8R =°
@7t Shewn)Cortrétoniieter e ANDORICIFCEIt 2 fuhctioRisin XND  the
moger in whicke caseptheiandae stk is1ioutplidionstheeMUUX 308 asethe ncan
sighal,r IN®RBanodesin which ease dhepraesult ismutpldt freen dhieeMiput
as the.ing,signal. 00401 As;a esult, when dhe AND/QR.GITGUIL30%IS ) which
gReraling.in. fae AN mode, Ne.ie Janahcompriass (e, adresull iaifbe
and W!ﬁ e actlvate&1 W?1e‘n all of the bits o% the events S|gcnal 40Q that are .
St iiftarest®s SPATHIRH by thé Composite' hask 410°4rs set- When'the ~ *°
output from the MUX 308 as the inc signal, or in OR mode, in which case

00.

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.

12



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 FlEEUSBHEVHIRE

of the match thresh event signal in the events &gnaﬁl%ﬁloancﬁ &hce the
result of any match or threshold operation performed by the
matetvthreshota circui202¢ todegdgnored F12. PATENTARREIGAPIONE  an

D@%%NQ& 2@(&3%%% [Q942]:Continuing 10 sefeddo-H&ed3, thegreater
Qeeration of an _smbodiment,of thecounter cirauit 208,willbe dasciibedidna,
qgecgte% nde%all T e d%yrgerg grcun12081| an X Qlt cggmgrltpgg canhald,, .1 ue

increment g%/ one add S bits, clear, or Ioad a value |nt0 a Cé)unt value

fé%%?é?@l o read the

tﬁlﬁ]ﬁogérggessm% "50°08urih order to read the va e

ofite refishsr Bi?lsﬁ?fhéjémbéalrﬁeﬁteil‘?ﬂ%?fﬁfé& in Pt R Ui o’ ¥
48. Epahtercituit 208 operationis efabled sy sttty enedeAtéY efrisierg 2
signaleB, whish compsises, one: inpuboda tao-imputi AND @ate 3%4-: figet AND
%IQ-_%T input offbe AND gate 314 igl’@ﬁﬁ@%ggetoj{@C@},Vﬁoﬁiheciﬂédeitgﬂ&Iecelve

from the Al dB{QR girguit 201, Acegrdingly,; when the LOUDLELGIREUILR08 ishe
enabled and the inc S|9nal |5D§cctilvatgd a |09IC one !Ls output froggghe

a logic

A tertecffﬂl in é)r?y other case, tIFle out ut of the AND gate 314 will be
é”l‘ﬁgi‘(? BB & GtE oFIReAND dAte §f4af§' r8picatsa By &nex" Pt °F
replicatora3ie antl the rektltingogisit Sighal |§h?)|PV\'ﬁ%’étA‘P\fD@Efv€i¥ﬁ ahate 314
8-bitsigned cuitput fromxa Mb)Xceireuit3d SaifhehdnpersltoitiseavikIX eirgrdat 1s
318 are thensum4:0] signalkaytputfnmtheuszerancirauik 206-and an 8-bitrhe

signal the value gfwhich s 00000001, Thesymy: Ql@ggmagwﬂ@e QUPUhe

from the, MUXcrc it 318 when the, acgs nal is activat ther
66%6065 |gnalé\JN| %e ou(tabu% from 1 e{%/lux%rcu:'fi[gjogg i %%%06%1]

GHEUT bt dooPHE ty S AN GHE S20 Bliido 1 - reunt 528 Wnen che

acc signal is 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 c¢sr_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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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 ?é%fvﬁ?é’@?ﬁmhl
value of csr write value is output from the MUX dircurt 326 'alnéov?/rljt enltbl
the count value register 312. In this manner, a value can be loaded into
theicountvalue registeen312, Sirdarbpuvhendiescleaptcounterrdiynakisreby
assertad 43 zamnbits ara output froanthedvildXgireuld 326 to:-the €omnat) to
value register 3k2.thareby clearing hedegisterJ0044) If nejtheriBeing tne
CSlapite signal ngp the clear-counter signal J%ﬁ?eser@%ais@@p the 4G ng nela
signal is asserted, the output of the 13 PATENT AP ICAiTION
POCKEFNE 206315241 15448t 372 iSfeh to the count value © “°*"°
rEgister SE2  tePeByPeifdCivel} ARiHGS Birtie. “fife VibBr AR> = =0
sem[F:6signady toe thesprevibusvhltes of thes Eatit PaRien®gikte? SEFERot
anaiding the mounriercisediti208aesultsihathe coant valleuegistes 3Rt the
heing held. at its: cueraph value abinalbrdo incremertthenialuesef the cetinthe
value register.312: bysong, e counter cireuil.208-must e enabledothgaxing
! Cealgfne%lerrn liStpgep%Sg .erteAq’laBdbtnes ag]g Ségg a('iggHSEle%t Q? ﬁ§§eg‘§1d ‘be used
0045 As é}escrlif)edS In detail above, FIG. 4 illustrates thagf%e entire data
31&8oABIEL 6. 151s avhitise forSist five B Hormanca counters. -
RprSEtteby-fife PRASIMEHEE EbURRSr 2602 Ak thenfy&iars ©f the
pureosel Al DHts Bithe debug_bus signal can be used by the AND/OR
cisedi1201. N hits aligned-anblock banindaries eari beniseleoten bydheor use
sm.selsikenit 208, enablingdull crveragesofthe; 0bservigbif bius di4ortion
l09gelPrevioys REIRIIANGE COUIRES SoMTANMAIENQNES LIRS waon:
thresholding. The embodiment described herein, using the match portion
560%f th& hatChfthreShold circiit 502, 82 match ores, zeros, "don't o
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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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 pur ogéTEf@Oﬁ?j%ﬂgATmN
previously mentioned, prior art performance coun?@?p%e&gné Were ot
general purpose, in that they have limited range and are designed solely
forggetformante calgdations @nd debtgofavsysiem desigipefhéerein thus
emhadiments.gescrined heraipeag geneml purpasaain habpdhe AMHRMIRNCce
clrguit.can parform calculations, on, the enilie. rapge Q;Jergaqta&quggmzed

s 50, T elnbodiments alsq INeorporals e 820060t AL SPUPAGR L oo
partlcu]] % Ey oﬁservmg specﬁflc states in a Ioglc eS|gn the deS|gbner can .

By i Rt TRERSEOF TR TR S5AEEHeredt s Being Covere
teRARECRTSTEPA (8t SRS THe Ei}ées@ﬁ“e‘?e(?én“fﬁé?éb?“géﬁg%e’\ivhféiﬁté’r in the
roreotests méetito be Fan adnwhat nddds télise sadiaéHnes fally festgrsribed
entire sasighhct4 RBAIENST APRLKGAT QN apKi EdN Oha 2003 15debbiinent s
[Qa48]An implemeniatian ofifhe inyention describadbergindluswpravigas s,
g foaleh el opetahieath 4 generalauipose RRUDIMANEE CUNChey: ces
e em oglments shown and descrlbed hav récparacterl edt}gs like.
belng fidstrafiVe dihly; it Should therefore be read“\ understood that
\Fa?ﬁaﬁ%%ﬁﬁ%gé@’éﬁd%cﬁ%%wﬁg%oﬁm’“ﬁb TﬁéobeetHSPéeﬁ“ tRougs g Sk
déparing fromPRTE SeGp8 dffte PrRSENt iFVERISNSY setfortifirrRpeicd in @
fodlowing chaims$ieFornexarpleivhilditie efmbodirmarits ark deséribed With be
referenge 1 an ASIC rtyvidk besappreciated thattheiembediments mensioe ) .
iﬂH&'ﬂ?&@?ﬂzin Q_{Pﬁéﬂlpe&)géig.% qu@h %wsgg%é:n@sgt%eaeﬂ1ustrated

I(DI’ g[gawlrjnable Gate @rra}{g (i merci Sd(l‘sprolgerélmm%ble ig%qg%\ﬂl]pgsshold for

generic array Ioglc( )modules and the like. Furtherm Sy

VIRAESHE T BEH SHES Shown ]ﬁ"?ﬁyt/qbe |mplemenetedsusm°rC§ﬁS it wi
5@ dpprectatedd tfﬁ%ﬁ&éhtrol ighals fiay diso & apPlietFin a Vafiety of °ter
othererran aerstinekrdmgofdreekaimple, directly or may be

[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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applied via scan registers or Model Specific Registers ("MSRs").

Additionally, although specific bit field sizes have been illustrated with

reference to the embodiments described, e.g., 16-bit threshold for pattern

matching (where the bottom 6 bits are used for the threshold), 80-bit
WHATMRSK GIgNBUED biE S _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. deemad db be im'thiri thq( 30} afdheeotssit tovesntionsvi(d<®4 ycaperying

Yy qQw. 15 WHAT IS
data LWE%%@% § J%fgééﬁé é)g?n r?ffec ed to a bus (104) carrying
ddegie (Rdd ller!f (eeg)%eeyrh@asm@a&gﬂequﬁtmi@nﬁgt@e data and

log |§elﬁ9iegc9@itiﬁﬁ‘tqfr{§9a¢\aéﬂ G”‘fﬂhd@%ﬁ 9 geHvalipe AN Pld BRldCHea3hortion
of tEI the selected ortlo atc threshol for all Bﬁ%

ttPath ) 9bgitt30
maskw(l‘fmrt’rﬂeﬂe):;edportlon of the data into a decoded sum S|gnal wherein

e R R A e G b tion
of thgngpdiad m%tlﬂaﬂﬂfﬁ%@@oéé@ EAGRE b dh PR R AR Y6 DIt OF
the Hecizradedmn soral &@W@ﬁﬁhaetl\@blaowﬁ@aék siRAlsaRe Field;

|c sog&&ji%%%?&e}%g@& &‘ %%é" g@% %%gg Oﬂpﬁ%@ a mask

sig nmlatemdlrtﬁmroaclnmamhgrean diee todpd (30 Odor sseecthgvthedddulexctive

bit Oft %'988@86 ASGUI f%h%"sc‘%ﬂ‘? e Fl%he mask
(gﬂj @?f or c ;q ;i (ggld)

match circuit of c er comprising: logic
Slgn?élecﬁmjjtheold match signal when aselected N-bit portion of the data

MpSRS by threshald fecalibigs sete@ad Bandiadiah ®pgkal and

the dencrggcsaldlrhatch signal as a match signal depending on a selected

idq match

mode.

2. The match circuit of claim 1 wherein the logic (301i1) for
selecting the decoded_match signal when the match circuit is iIn
decode match mode.

3. The match circuit of claim 1 or claim 2 further comprising:

logic (301d) for selecting the 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 claim 1 wherein the logic for selecting
comprises a two-input multiplexer (“*MUX"™) (301i) having a First
input connected to receive the decoded_match signal, a second 1nput
connected to receive the old_match signal, and a control 1nput 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 (301i1i) as the match signal.
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4. The match circuit of claim 1 wherein the logic for selecting 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 control input for receiving a
decode_matchmode signal, wherein when the decode match mode signal

isactive, the oded maich sj IS put from.the, two-input
ony e Sk Sy o L TR AR R Sl Ui 3o for
actipgii(3o1therodeiveaitghhs banahbtetogighdisg@smprises: logic (301b) for

idpaHfynaereL Y sEBiPapuh o iR AelesiechN Filrdata HPAEAROp IMPIHF the
a corresponding bit of mmask is a’logic 1; logic (301c) for comparin
sel e&&&ﬁji&%‘rﬁi!iEof’%rgﬁbﬂ%W BRI W hR R g BRI ﬁﬂe@ﬂﬁd’a:n@maSk

is aolipyiingly binary bit comprising a match mm signal indicative of

P RS EEE YT RSB SCHR S ATFR o

i a ¢ C portion for which a correspondin t
withoaingaagiespanddio® aad foifwkich tuoeskpdddanchp ot metthteshaiddinary

bit dOABIIS IndPaimEFER) frT SFHYRIING Hefi BRIGVO B FIRRRIABIAME OFfpared
_ . _of the identified second binary bits is a logic 1; and logic (301h) for
bitsy the match mm signal and the match OR signal to create the old

mbtgisig 30 6F ) h€orattteircuifpi nindchrbeconhmibimarigglsit of the
WfaL select e dec - lgna n f.th
sl E e g R, T A PO ST A S e e mas
is aclhpg boorlaing 6 Tenereimiiehic30ary éspsigadnghéd thomhatdrecitbuieishold
is anqtd'q flecede match mode. 8. The match circuit of claim 1 wherein the
sum tield is_n bits and wherein the_match circuit (300) is operable to match

2B O fibkRbAR of ParRA ¥AhtnQ nt eIl ¥risSdgina lo bR a8, Teast
one Ofctditiy (30enaarfesttdtecabds fiodrsarhing dats, ahkaiytoity; (380

Cci'BBri%in@éOlh) for ANDing the match_mm signal and the match_OR
signal to create the old_match signal.

6. The match circuit of claim5 further comprising logic (3011)
for selecting the decoded-match signal when at least one of the
old-match and decoded-match signals is activated.

7. The match circuit of claim 5 or claim 6 wherein logic (3011)
for signal when the match circuit is not In decode match mode.

8. The match circuit of claim 1 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) comprising:

means for receiving a selected portion of the data and means
for activation an old_match signal when a selected portion of the
data matches a threshold for all bits selected by a (“mmask™);
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means for receiving a selected portion of the data and means for
activation an old match signal when a selected portion of the data
matches a threshold for all bits selected by a ("mmask"); 17
means(301k)for decoding a sum field within the selected portion of the

dafednto @0atox€d Isdecsigialg whkeneifimnl adtivebitot Hbs dbeodedipontion
leld correspands 1o g v f the sum field: me 011) for ¢ aring-
of t he éfe%{o%e?iﬁsﬁgm éigaiﬂ%‘?&#fﬁ%a-rgr\%@kggiéﬁa Ia’nﬁﬂéé%ﬁéat%"nng g %g?gée?'t of
the geesdsgnsuihdi eldacher egpmes décodeyalvsigal thachegahield;

AL ESHE YT LRI YIS IcsiRe AN A RA Al th a mask

match signal and the decoded maitch S%nal as a match sllﬁnal in

signgdp R IQr oA GAYEARInRJE S80PHe BALGH KA WhAREherRCtive
bit mEanhd3dti¢intedelsaing dgimuls thetdtexleahmatohisigndlivthefthehe mask
signgic;u“%g in decode match mode. 18

means for selecting one of the old_match signal and the
decoded_match signal as a match signal in dependence on a selected
mode.

10. The circuitry of claim 9 wherein the means (3011) for

selecting outputs the decoded _match signal when the circuitry is
in decode match mode.
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