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DI G TAL CIRCU T USI NG MEMORY FCOR MONI TORI NG SI GNALS FOR
OCCURRENCES 5 OF PREDHEH NED BREAKPO NT CONDI TI ONS

TECHNI CAL FI ELD - The present invention relates to digita
circuits known as breakpoint units that observe or 10 noni tor one or nore
signals, such as those produced by digital si gnal processors,

m crocontrol lers and | ogic rﬁg d that provide real-tine
notification, usually in thetor reakpoint signal for halting

(or initiating) operation of the chip mhose signals are 15 bei ng

moni tored, upon the occupreReRrotrRdyadeidmes Memory GHdi tion in the set
of signals being nmonitorg@nrToRING STANAHIOHIR ATCURRENCES It is

knowngto nonitor a set ObpORREPEFTNED HREAKBEINTIcaNmEeNgr oduced by
digital signal processors, m crocontrollers, |ogic anal yzers and ot her

circuits for t he occurrence of any of sever al pr edet er mi ned

condi t i onsyrrEsICcROMFTEAD on of signal values, in the set. In the case
of |ogic analyzers, ufactur rs 25 nor mald v i ngl ud ce buffer
menory in the devi cer'}?’(?r % tﬁeoébfiﬁ%%t%%gt%ltglr%éé ates for sone
specified g@ircuits kmnouwsi gmabreahaoﬂnuaunmusrzhﬁnnobSQmchqmles t her eby
providing a tra I at | at &ty ana %ﬁggg d problem
occub‘g Th%“ogﬁzégo%#%h%%u er S&%[*@?%'n,es 31’6 t exaglfonltlj er of recent
cycl es t hatligdfiae sitomedd prafgssors, JERITFIRETHolers|and dOHBEi fi cati on

of any predebhgedrs, and Yl ippovitd fl%a(@ﬂiir@é%tﬁiﬂf@éﬁiéﬁ,gi ven. In the

case Sone other circuits, such as digital ;{ ﬁrgcessors

(DSP), it %Ué&%%r%rt Shsedomm € % %m?o?l%ﬁ ALk Hdl in

response th&hq:ﬁQtl%ﬁ:tllr@ pre&'dﬁleﬂﬁfdﬁlefhe chip Gﬂlfnih;él@ilgmalla aeé of

Dol e o ebBlpE ot e, tpon cnd’SEBE MYt o BiedBELALRON O the
condition in the set of signals being monitored.

BACKGROUND ART
It is known to monitor a set of one or more

20 digital signals produced by digital signai processors,
microcontrollers, logic analyzers and other circuits for
the occurrence of any of several predetermined
conditions, i.e. combination of signal values, in the
set. In the case of logic analyzers, manufacturers

25 normally include a trace buffer memory in the device for
simply recording the signal states for some specified set
of signals over the most recent clock cycles, thereby
providing a trace history that can be later analyzed if
some problem occurs. The size of the buffer determines

30 the exact number of recent cycles that can be stored, and
generally, no real-time notification of any predefined
condition in the monitored signals is given. In the case
of some other circuits, such as digital signal processors
(DSP), it is common to generate a breakpoint (or halt)

35 signal in response to the detection of a predefined
condition in a set of signals being monitored by a
breakpoint unit. The operation of the DSP, microcontrol-
ler, or other circuit is then immediately halted in the



| er, or other circuit is then imediately halted in the WO
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anal yze the internal state of the circuit, including for exanpl e the
val ues contained in the various reglstﬁ%s of the circuit, in an
effort to identify the programmng or 5 ot her error that caused the
condition to occ ecific ndi tion of |nterest
Co'be " SEREELERkPERer s sgn EhAFoRPEPEEATlELs OF RERGy STl

addr ess t hahalgzeuthedénaempnedeserntened thegeircmit, includiegofiorol | ers,
DSPs and tQﬁaJn#:fS {:ﬁesbﬁih 'épcS(E];tlenedb%t %h"eaR’raE%h' n%e?’ig‘l‘.%'i@' ¥ executed
when power £ other circuit
el enents the cipcuitiesiinedni sffoxk §pandenthéybﬁé§kp@pgrammlngcéﬁ

moni t gr si gpgls Qy&begtha% e UELBChe’ cERRiRIBAS kG Boour  offedt es T hal

I ndicate that the start e I's _conp "breakpoi nt" signa
gener at ed B§aWHéeuﬁﬁtanﬁPeFH§hc conlehpﬂlQﬁelﬁéﬁﬁﬁﬁto§@r§ﬁlon of the

circuit. monitored for 1@08heai:téﬂ@k: ebealkpeisat aUB\kah\‘éJ etdegi cated
conpar at or on th set. _of. si S bei ng

t t
obser ved tagﬂgggétEpﬁgagécﬁggéﬁééngfp§89§ E5RaPECo & those signals
and to outmpitranonndbiaeirsp DEPgnwnsuthe like datstaed-ugcumxence

exanphe of r t | ustrated
Xm0 kol SURILE 1o g1 HLHL I SETELARY 1 FLL
Si gnal turpeddpni be, parneetnrpgastec:s endr otirngy ser@ylﬁam}ea@nrs 25
conpar at or ggi 3 éeQ&%éhp_QLhEhHﬁ“ EtEEE detrﬁ%t b%a%p'oh%% unit cawrber of

conditions. In Fig. breakpoi nt unit includes a first
conparatorm9n15°§e§6HHa&§nﬁ&F&PSrtheaHGUtlne for CREtALNy&iGR3date 6. The

conpar at or statepdtRatescadieate tha@Sthép!sﬂ:&r% -apt cfllsl g@aI@n@hchte] B2,
or

exanﬁg[e A LBrS?FERﬁFg b§1gnaﬁgﬁﬁgﬁre SﬁZhgn%b€e§§éFr%%Vbiﬁf%htroIIer,

| ogi ¢ anal ymitiateohbemadi pperrbttionacfeshei witcudti.ons froma program

nenory or to access gabgehiahafr aTeaRBodhe unitd et A JIRLG i es at

certain addresses or nay represen ot her Ou'[%#a rom or |nputs to
t hese C|rcGPWEaraWﬁﬁsCerURSt:h@aé—‘brremeé‘ﬁﬁﬁngns’@t§ ypete pfesdamadsnor y

addr esses, being observed to detect the occurrence of some condition

20 for those signals and to output an indication of any such
detected occurrence. An example of such a breakpoint
unit with two comparators is illustrated in Fig. 1. Each
comparator is dedicated to detecting a different signal
condition, and in practice there may be as many as 16

25 comparators in a breakpoint unit for detecting a like

' number of conditions. 1In Fig. 1, the breakpoint unit
includes a first comparator 2, a second comparator 4 and
an inclusive OR gate 6. The comparators 2 and 4 receive
as inputs a set of signals B,, B,, ..., By to be

30 monitored. '~ These signals may represent, for example,
attempts by a digital signal proceséor, microcontroller,
logic analyzer or other circuit to access instructions
from a program memory or to access data to or from one or
more data memories at certain addresses, or may represent

35 other outputs from or inputs to these circuits. Thus,
the comparator inputs may represent memory addresses,
data, error flags (such as ovérflow) and othexr signals.
While Fig. 1 shows both comparators 2 and 4 receiving the



dat a,” error flags (such as overflow) and other signals. Wiile Fig. 1

shows bot hwoaspatesat ors 2 and 4 receiving the _ VWO 9869450812042

PCT/ US98/ 12042 - 3- sanme signals
Blerr], Blerr], ..., Blerr], different-zonparators m ght recei ve and
thereby nonitor different or overl apping sets of signals. The first
conparator 2 receives, or has stored internally, a set of reference
si ghal s R[] samg, sﬁzgaaﬁ]s By, .B,, 5.., Ber d]ifé@uralnti conmpairert cared nu(ghtespondi ng

ﬁgftergniggglég%%%% E[" r [Tfﬁﬁlt’or dlﬁe?%ﬁ repres%lr?t é‘ﬁ{rﬁgl gna vaI ues

for the condi signails. The ﬁer@d;t cOMparafigh easteasfvashe dmias si gnal s
Blerr] (i —lstEQeH) :Lnterna'_’(&SzCh‘éS slelts offorﬂe%‘i@i‘ﬂﬂé"'fblrgﬂaﬂrse%e gignal Rerr],
t he 10 arator 2 outputs an indicatiaqn S|gnal [err]"'with a'logic :
| evel 5" 1" F‘e %‘é%ﬁﬁ‘hgmémb e eFeEr BFPPRELIRGNEPL FBA Slgnalﬁe?mg sought in
“the input Bignals, @,ﬁlﬁe]md-%:ﬂnonltored B['ﬂié]réﬂféhce s1gﬂ@nst1@reda,,
O herw se, the g ar at or puts_a f.or

?l

et eatton- s enfr Teregent £t Pel St Rl des fogekﬁﬁdceaﬁﬁsxr‘l&fb o
recei ves, be Hesesteded Whear ealchy ofathe inplitf fediprl s, di=Geter #ice

signal s R[x?lg{:l:hFERizuts Cb‘lB"ngB?ndlng r%%reo e%{l:te %ﬂ%{ q.' f}{ erJer t condi tion for

t he i nput srgna el ng I or ed € conparator 4
out pyfs  comparstoynd PHEbvaSsi en dinghiaatiicsy ignedi dh wiéth kogdigikevel "I

20 if thgyegndhivi og k%s@ﬁkgﬁbegna@%d%ﬂfgﬂdé|d¥”¥h Condjitioghenever the

condition js not detected. results of _the conparisons
may be i ndP§ing s°u9h&uéclni $hgs dgpugs Sé-I%WH-ST @n f Brst- i ndiBatied®Ssi gnal

I[err]. Fofonitore@xanpkberaieel, Ndhealdonbaiadioal zr&sut%wla adipst red 25

starting conditiqn, sone gt her. i ndi,cation si signal a
desired st ﬁBFﬁl @ %gﬁ ghe APAcRkioPe Signal I, . tv\ﬁlB‘Flﬁ'Eﬂ-?{'i ﬁ%‘?catlon

si gnabs nagebendorbinpedatorsaneeceived,ogircdasd asivred Wntmalley exe | ogic
gates. For4.i¢ eregéa?gy:e fl Qelf,l g_egjc t sq%nalsStR andRs,econd [ r‘&gl cation 30

signals I[err outp hée=Conparat 6rs?2 and 4 dte - i nput
into an i n€ﬁB§?$§nmngaﬁed6ffArﬁmtr ¢ongditdan den The inputs ssigmailts by t he

gate 6 andB ndcates the BEEH{;rﬁaﬁﬁtBTred ThE! Ee%a&%@f I4%&E>utry erest.
A typical 1S | errente as shovvn

ar at.or,
conpar at or & ngFBHQslﬁl Ef"téPnef’&Bﬁ‘% véas Whichngr EXW}CO&%{?&I §|"ve OR
gatesolO[eﬁf]théoaondltloﬁoms deétected and a logic level "O"

whenever the condition is not detected.

The results of the comparisons may be indivi-
dually used, as shown for first indication signal I,. For
example, one indication signal may signal a desired

25 starting condition, while some other indication signal
may signal a desired stopping condition. Alternmatively,
two or more indication signals may be combined in some
logical fashion by one ore more logic gates. For
example, in Fig. 1, the first and second indication

30 signals I, and I, output by the comparators 2 and 4 are
input into an inclusive-OR gate 6. A third indication I,
is output by the gate 6 and indicates the occurrence of
either condition of interest.

A typical comparator 8 is implemented as shown

35 in Fig. 2. The comparator includes a set of exclusive-
NOR (XNOR) or exclusive-OR gates 10,, 10,, ..., 104, one
for each of the N input signals B,, By, ..., By to be |

monitored and compared with reference values R,, R,, ...,
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noni tored and conpared with reference values Rerr], R2, WO
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-4- RN. The reference val ues Rgerr], R2, ..., Rerr] my be stored
in an N-Bit register 12. Thus, €ach XNOR | ogic gate 101,

10[err], ..., 10[err] receives two inputs, one an input S|gnal Bl err]

=1t dj f . :

Each gat o Dt pas s Gradine A Ry (o 7 ° ey Be Sead Sl T
al so incl resNzBietregigten)l2. Thms\o eapht XNOR Leges gateriP,, 142, ...,
ld[err]. icﬁn '\H Nputy A%'chlve ﬁghg bSnHS?ﬂ 5§Pheesa ghacg, if Nis

not too | ar esu I nrn -corrparl SOI’] results
is 10  ol# pﬂtla%omb rrnn@u*@h@.@ﬁh%rgﬁacormﬁp?n%ngtJﬁ?éererxﬁe

conpag at org fy59d1 the bERAPYAtle WiithutHithd MURKIMMNtA i@ bit- nornally

limts conparisons to 8-bit Si extr ca
possi bl y tTPHREHIEOR npuTh %l@ﬁ%ﬁéxaﬁ%gtg£?° 1nCiud%%cﬂ B8 Eggﬂr ?s usual |y
| npl enent egvoniBpsepANDL gatles 14 ntiag;ated, cingyit cznnpN :anut AND

Pri b K t f
u;;?rde¥?§§%$ %%ﬁgé $%are §|n1 €$%i9 Biggéconven ?oﬁé %roaﬁﬂe Fber °
only a S|r@me neseht of cowbhimlingonlioN kidthcosparised neﬁpétatms devi ce.
Th t

us nu nberéﬂ?t Ui 1|§h8”i %é@%ﬁo%:‘?ﬁ?i% q.’tdp:?ttl-ﬁi@ é]actth Upo

smal e COI‘] It1ons ere npar ators,
for exarrpl%omﬁa?ﬁ“égkp@)lﬂf e t breakpeimt cupit . Thl-ﬁn-h‘F\Pbﬁi“ﬁQtatDSP s

access to ﬁéﬁh&wyozgmﬂwee@myansonsagsrssm:@ ihput § ﬁal[@fmbi‘ agdresses
and four data 25 val ues % accessed nennrg conte Furtﬂgllcated
I .

logi cal cHEFFEITS FRSTF BRVEHBHY ohfer SR TRYE cLRRIRY | heR

prohi biti ?/ﬁcyh eXPRPST Ao SDs cnm:bmyalslyrpixfepbeménnaﬂl OnSaaseparlate att enpt ed.

For anpl e s e tion for - conventional units is: IF
gé Dd'«%%%%‘isé% ‘&fg%grgADDRESS EQUALS 85 OR DATA EQUALS 22 CR

DATA EQUALS 27, PripEN>STORpotut teitsegre hinbhtefesn bractide

moni toring. 5 sm&ﬁ?aﬂ?ﬁbétqéf Lase: C&QP?ﬁéﬁPé’&Bﬂ&Et&bﬁQ“'élﬁgguthénﬁnts

generally dictate an point unit separate romt
devi ce bei FRPYRRAFiORRY. aBBroaCh allows onpyodjethgle BRtERe present

invention ¢SndPrion for each dedicated comparator device. Thus
20 prior units only allow a user to detect and act upon a

small number of simple conditions of interest. With 16
comparators, for example, a breakpoint unit is capable of
monitoring a DSP’'s access to eight program memory
addresses, four data memory addresses and four data

25 values (i.e., accessed memory contents). Complicated
logical combinations of several operating conditions are
prohibitively expensive, so only simple combinations are
attempted. For example, one possible combination for
conventional units is: IF ANY OF ADDRESS EQUALS 42 OR

30 ADDRESS EQUALS 85 OR DATA EQUALS 22 OR DATA EQUALS 27,
THEN STOP. Further, even with these limited monitoring
capabilities, the comparator/logic circuit requirements
generally dictate an off-chip breakpoint unit separate
from the device being monitored.

35 An objective of the present invention is to
provide apparatus capable of monitoring sets of signals'
for an arbitrarily large number of defined conditions or
condition classeé and to providing real-time notification



provi-de apparatus capable of nonitoring sets of signals for an

arbitrari lyobgsggs nunber of defined conditions or congiétiusss2basses
and to providing real-time notification WO 98/ 57266

PCT/ US98/ 12042 -5- - 5- for begi nning
or halting operation of a circuit upon detection of the occurrence of
any one or nore of those conditions in a nonitored signal set or sets.

Anot her obfeetbaginhihfeopr Radtingnvpeirations of a cdrpudti dgpcan ef fici ent
way of proyiding.the abpyve- mentioned_notification faor:l.Qgical
conbinatid*%t%$glon OgegﬁﬁeachﬁﬁchgoﬁgigP nSTe 6% ndte ¥t ¢ et anot her

obj ecti ve ofndieipnesint ai moshtoved signiad setpoavisésst.he above- nenti oned

apparatus in which t ' | ongi t.han e s M ogr amred.
B SCLOBURE GF TH | NYERITAGE 051 EBEdvEOBE Lhhbrlints srpatlc o 2 8 ot by
a br e2kpoi e providei ant pifigiestnwayr pii PrEVAEdnss thige 38 WSar ators in 15

prior unitgegPfoh8at nbt 84 8at18nSEaRANSFARNT HRDiNRtAGns of as address
bits accessing at |east_one mempry chi p.” The conditions, i.e. signal

combi nat i RTiRedn§igARLHEANARELIONS . can then be represented by progranmed
bits at the COFYéﬁp@ﬁdth@rﬁbﬁgéyztﬁ@@abfome Préesertt! |irsiegrailor?0

conbi nations of interest _are_treated as addresses of . I.nterest, and
t he nenoryl%u?ﬁuPr?ﬁasgaFgg ﬁ#?@’ﬁépe&‘%’)}o 4 appaﬁa%élssilé'hé"fhlc%ln i't1 ons t hat
ar e soughtdéfiiredccondétdions cansbeceean lyugepsogrammess accesses one or
nor e progranmed indication bits at the correspondi ng address in the
25 menory and cause that bit or bits to be output by the menory. The
pr ogr ammedDFSEBPGURBUOFc SHEaLNYENTARN of t he conditions of interest.

The nenory nmay be 1-bht wWhdGeMBSe¥thiQes are ndtdiiAld Mripimss of
conditions being nonitored or may 30 be multi-bit w de nmenory (providing
a nulti-bi?nbﬁtgﬂﬁy uses MERPTYeR M PG e R SOTRAGEHPYE ddbes. The

menoiy priét pHi §sCandbehdsed reatisndiratdiemalis Wedaigpoonitdgsdl s
e o ad3Pelg, heR" Bk oR T A3 AR RIS chip. HA° T D
conditions, i.e. signal combinations, being watched for
can then be represented by programmed bits at the
corresponding memory locations. Thus, all signal
20 combinations of interest are treated as addresses of
interest, and the memory output indicates whether any of
the signal conditions that are sought have occurred,
since'any such occurrence accesses one or more programmed
indication bits at the corresponding address in the
25 memory and cause that bit or bits to be output by the
memory. The programmed wmemory thus contains a map of the
conditions of interest. _
The memory may be 1-bit wide memory for
indicating one class of conditions being monitored or wmay
30 be multi-bit wide memory (providing a multi-bit output)
for defining separate condition classes. The memory
outputs can be uéed as indication or breakpoint signals
themselves or can be logically combined. A second memory
stage may be used to carry out complex combinations of
© 35 the indication signals in place of the usual logic gates.
A counter can be used to receive indication signals as
they occur and generate a breakpoint signal only after
some specified number of conditions have occurred.
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Circuits whose associated digital signals can be nonitored by the
br eakpoi nt unit incl 'd.‘i‘i‘:‘dil.llg;'st aﬁhose asHd@ At i FERATHIS = iGrHIRE ¥ ol | ers,

| ogi ¢ anal yzers, , ot her |%'rta Ci rcwts and ven Pybrld anal og-di gital
5 circui P& MORHEOTghbYs they £ o tort digital nhyts to,

out puts fre{ignandpr@tcergwrsqp&flaﬁda@rﬁtrmqex@‘ logid hhaliy#uiid, (such as
reglster va

t t.ed by th
noni t or ed Pk'l‘seg)filglt Flﬁrcbﬁl’tgm Cﬁfgfeg‘srm?’!r}ﬂﬁ%é&rﬁp < %% Sr >cllrcﬁlt

al ongs51l0 cdrbudts.|f Tpﬂajrsalgma&rmmycmems:eaa‘eelwm iar tdoerebragfak poi nt

it h. t
glmgnal gagr g"?h&srrlr?t% r%%gt?\ﬁt (r)fg‘ “{q faglgyartn%r CJijeélﬁﬂ(%’le("f her oveﬁqappl ng
or conpl et &he m&uatte)(smh as raﬂlﬁft@rrema%d@ﬁillt iash Weldssss. 15

The breakpelceeslé@st oef attee«gteaeefcde@g@a RN the moHitpededfcddian of any
one or nore of an arbitrari | ar ge nunber of defined condit.ions,

dependent &# PrOFrEfe o dat§1 FeMOrY: IE Afndare RiisF SidFEgn@Qhs nay be

ulsed 10 bn@i%zl dutqlﬂ lQ{rfagr mage;iyse\rﬁ@a lard Rised arrge.fhecmakputiraﬁ
Cl asses or cqQ I nat L on condl t1 Qns IL,nventi on
et sees | HE g Ach e SR RESEITE A HErebY Moniser 5HS KAt

menory chi gpetir otfhls}ignadmtmroﬁilmmmct subsyt&atcefr addpalid igdgnals eover, the
rrermry | Sr I3 ’PT?Qn r at i f desi red
O her (%glva%agegegaln e%%egn ro esc(ryﬂc;'ételri)gi t he&gr eferred

enbodi ment different ceRdEL ipDRSCRERFEEEN OF THE DRAW NGS Fig.
1 is3a block di agramppfe & GRARMRALHLORM 3G tb{ee%ﬁg%!éﬁt Uttertfidhe prior
art using corrpar at or circuits for generating a breakpoint signal.

Fig. 2 is 2Pk SEtasitafroOta yheem gndlore of an arbitrarily

large number of defined conditions, dependent only on the
size of the memory, where such conditions may be used
individually or grouped severally into larger condition

20 classes or combinations of conditions. Further, the
invention replaces the many comparator chips of limited
capability with a memory chip or chips, each of much
greatexr capability. Moreover, the memory is readily
reprogrammed, even during operation if desired. Other

25 advantages can be seen from description of the preferred
embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a block diagram of a conventional
30 breakpoint unit of the prior art using comparator
circuits for generating a breakpoint signal.
Fig. 2 is a block diagram of a conventional
~ implementation of one comparator of the Fig. 1 circuit.
Fig. 3 is a block diagram of a preferred
35 embodiment of the system of the invention, including
random access memory chip 10 (for generating a breakpoint
signal) and digital signal processor chip 60.



inmplementation of one conparator of the Fig. 1 circuit.

Fig. 3 is_a bl di agram of a preferred 35 enbodi nent of

t he |nven9VBﬁwgﬁﬁﬁlud|ng random access nmenory chip 10 %for generatlng
a breakpoi nt signal) and digital_-signal processor chi
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-7- Fig. 4 1is a bl ock di agram of anot her enbodi nent

of the system of theFigve@ti a beEHdHQQgﬁaﬂUEE'aﬁBtﬁer embdtientc Ui t
(which alternatively can reghace chi p™10 of ..3 in.a variation

on the Fi Pf Xhgse¥pyjennafs ep%63§§§69n191n01ud1n9 a'm lti-ghip 5 js a

bl Oth di amz@m @{réuMM(ﬁHi@hfQlternatﬁﬁéh.ﬁfcbaﬁ BéMabepRm @:hgliﬂ g0 3b: n E
variation o S em o is a bloc

di agr am of® %$ chi R%NYiﬁlat%??CBPtFye Fég- rép?ggtﬁE)Rﬂ%PEhlp 10 of Fig.
3inm pro@esadbronson the systemof Fig. 3. - Fig. 7is
anot her preferred enfodi ngnt o . t f k-ny.ei.on,

i ncl udi ng RAM chlpsngﬁglgg s ; £T§Ck d1a ?é@' '18§ﬂeChW¥%?%%r 106 (for
gener at i ngreplldcingr RaKpohhp sognélflgndBduglaavagigﬁabnpﬁ@béggbr chip 90.
DETAI LED &ﬂgf)%gﬁ THE PREFERRED EVMBODI MENTS VWil e the
breakpoi nt™unit described below is illustrated in its application to
digital signal 20 PBigeesdf poBPpckoAirgrangofi mudkdacdime er st ood
thatyg ciPeubeLpkpebot ripi hefhgt RAMPEBS PN O BYERtiGON3cdm & SO be

used to nDnltpr di i tal ghals in ar fro ot her circuits, including,
but not |iYR¥&3t: FEEoﬁYFBFWePg and | ogi ¢ anal yzers. Further,
while it is expectedFib&t?ZEs aﬂbshe@fprbéemmeduhmbddQMQaunmﬁ tdreed wi t h
the inventive akpo nit dliqt it should
be %To%ﬁ Phét 8?%% $|gﬁghéd?§gor r%kgh%b%b éﬁ&log-

di gi t al C|lu91CScmaquatsg b92nnandotemeW|ﬂﬁ6tH§0r genemﬁ¢éntldh Al so,

S'gnfés beﬁfgﬁkéﬁgﬁa'Q&ﬁnﬁigCHhESdSQEEQ13Q1gnQ§ BRRickeERA hildo.

a preferre he 1 nvention is

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

While the breakpoint unit described below is

illustrated in its application to digital signal

20 processor (DSP) monitoring, it should be understood that’
the breakpoint unit of the present invention can also be
used to monitor digital signals in or from other
circuits, including, but not limited to, microcontrollers
and logic analyzers. Further, while it is expected that

25 most of the circuits to be monitored with the inventive
breakpoint unit will be completely digital, it should be
understood that digital signals in or from hybrid analog-
digital circuits can also be monitored with the
invention. Also, signals being input into circuits could

30  be monitored as well.

In a preferred embodiment, the invention is a
system including a digital signal processor (DSP) ox
other digital circuit which asserts N status bits or
other signal outputs (where N is an integer and each bit

35 or output signal is indicative of a state or operating
condition of a node or element of the DSP), and a memory
circuit which receives the N bits from the DSP. The
memory circuit (preferably a random access memory)



systemincluding a digital signal processor (DSP) or ot her digital
circuit which asserts N status bits or ot her signal out mhere N
is an int ey&? 88At%ach bit 35 or output signal is mdmatF’VE’U % ate
or operating condition of a node or elenent of the DSP), and a nenory
circuit which receives the N bits fromthe DSP. The menory circuit
(preferably a random access nenory) WO 98/ 57266

PCT/ US98/ 1 13l hcl udes an M x
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br eakpoi nt "si"gnal rstva ernati ve enbodi nents,
the 15 abonéanenn|oﬁe@hespswé regMa@@@ﬂ@;ﬁﬁﬁn&m@QMmenﬂaummns, the whi ch

assenfps Stﬁ‘lEHuér Eirb‘al% %%E'éfr)& C'th%“'ctont@}ﬁé"@fc% e of g g%gﬁ: | Sans for

proce55|ng a ak p0|nt Sl wher e he brea p0|nt Sl
gener at ed 591tlﬁetﬁ>eﬁbeyD§|Pr daist a bre%k@OrJ@stpcﬁigélatld tife TOSRORSDHIHS) . 20

- O her errboaa@anhad%sbh%lgmaqnt a2a %@: DSP H¥1@IKRpiNofsiidal generation
met hods whi ch _can I npl emrent ed t he difcrlbed S stens
Saeh jmuen

I'n preferrBBeﬁﬁﬁéﬁpﬁeﬁPsre?ﬁ@“??sﬁ@m TSPt F i oys a S|ngle
RAM chi p (havtindi agfamrsh xalua2d Iar edyexnavemer yenmeldm)erttcs A3t a
" level) for

brealigm nt aﬁbg‘gal'nentlo %V % as %\égallsa(:f_éc%fb§ﬁ| ?%t EJS '1:1c1%r\ﬁ{}'11Q: i s

conbi nation of val ues
a Iarge nuwbdch( asgemts Bftaitnls, bifspiter & memastyb suineavitts) and whnam t he

val ue of eéﬁﬁlﬁhéfsuﬁxeﬁhts B! ?)%Q:@ts's\i?xg()fa B M siYnOPEfwd e
condition of a node or elenen fi.rst
the breakpoint signal is generated by the memory circuit
in response to the status bits).

20 Other embodiments of the invention are
breakpoint signal generation methods which can be
implemented by the described systems.

In preferred embodiments, the system of the
~invention employs a single RAM chip (including an M x 1

25 array of memory cells) to assert a breakpoint signal
having a level (e.g. a logical "i" or "0" level) for each
combination of values of a set of N status bits, where N
is a large number (and M = 2¥, in preferred embodiments),
and the value of each status bit is indicative of a state

30 or operating condition of a node or element of a first
circuit.. In another class of preferred embodiments, the
system of the invention employs a small number of RAM
chips and simple logic circuitry to assert a breakpoint
signal having a level (e.g. a logical "1" or "0" level)

35 for each combination of values of an even larger set of
status bits, where the value of each status bit is
indicative of a state or operating condition of a node or
element of the circuit.



circuit. In another class of preferred enbodi nents, the system of the

i nvention ‘?g%gy ¢@ snmall number of RAM chips and si b /ds99i2§42
‘circuitry to assert a breakpoi nt signal having a | eve ?

logical "1" or "0" level) 35 for _gach conbination of values of an even
| ar ger set of status bits, where the value of each status bit is

I ndicative of a state or operating condition of a node or el enment of
the circuit. " 1n ¥0-986878E6preferred embodlments (such as
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class of prrerPEdFEdbodl mehpe iBVeRtien is atﬁXFtSW EPGLUsing R | nvent i on
is a syste@igﬂ@éydsﬂgnal procdssbi‘al(esggnabspr poesfoFige. §),, BSA 20 of Fig.

2;se???ng %??ﬁ%%k%%* ntd gﬁmblﬁAB;SQ:éngg %[e?) %) or Elg 3)

for haltingsspetangoa bfeahpoDS@ ahdealpredgt ebinary Sngn@d dendfti ons.
oS 20 of F1g. 3 #ekuls; 8 GaR-ACSER°beagpe oo PALAE Bl Shown

in Fig. gram contio I ng and
decodi ng |msnedccondstions fromthe program nenory (thereby generating

contr ol si gnal §ghop pCgpt @Qy | 503 R%EGHEEONcf chlie adesldayctd ons),
and a processing unit 22 for

or m ng_qperations &¥*£? rithmetic
conput at i CREPIBANIBEROLH K@@Eoﬁ§@wFolPh§1$5 3)eoft P afh S PCU 21.
DﬁP 2@hu nfﬁﬂﬂesmp@m)f]gn. gsgerktByihgnangd decodJ.Sxtgatwrsdnicts.lvmcglmlh s Blerr]
t hrough B ere of Nis a nu ater than ich are
nnnitored %M&ﬁgopr?ﬂEaWapﬁgory TQBSFGEXbﬁegFg &qﬁt:QPFhe status bit
deterninedsbgnahshfaﬁ constrafllliingi execgtdon iof mmm<mmabnmqﬁlqnshaie or
condi tion e & t at us
bits deterﬁ? ed §%°§g§ﬁ§ﬁ§ B err%gnﬁrouggrgﬁg#%& co ﬁ%g%?v%igs
|nd|cat|veanithmebperapmpgtgﬁnqnsoonnoﬂaDsplyoreSponse to the . for

convgglencF nEleeég §§b°@roﬁ @b@tgg bit 25 i ndi cative of a state" of a
circurt will be-:used e ow |nclud|n% in the clai to denote "a

status bit indica- DSP 20j jacdpdgssmgansy oo Afserding Binddde or el enent”
of the - gtatlLkCBit. sIhaalst 8i elhedudheBgi twhadte DWW di Hea umaaset ood

L0 el UoE LIS BLONALS YS! I APHcOhoSRBRLRN o bl ¥ mid bl
of each status bit (the status bit determined by each
20 status bit signal) is indicative of a state or condition
of one node or element of DSP 20, and thus the N status
bits determined by signals B, through B, are collectively
indicative of an operating condition of DSP 20.
For convenience, the expression "a status bit
25 indicative of a state" of a circuit will be used below
(including in the claims) to denote "a status bit indica-
tive of a state or condition of a node or element" of the
circuit. The "state" of the circuit should be understood
to include the signals being input or received by the
30 circuit, signals being output from the circuit, including
data signals, attempts by the circuit to access program
or data memory or to communicate with or control
operation of other circuits, the state of handshake
signals and error or other flags, and not only the states
35 of various internet registers and operating modes of

various internal circuit elements.



data signals, attenpts by the circuit to access program or data
menory or to _co icate with or control operation of @ plgﬁr? Lrcuits,
the state (Woﬁ%(glmgﬂake signals and error or other flad’ér aﬁ%\d(")‘ only
the states 35 of various internet regiéters and operating nodes of

various internal circuit el enents. WD 98/ 57266
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indicated in Fig. 3, L 21, t signal
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i ndi cative of SERt£f) Ofaﬁ@'érg&\!sm unit 25 £686LEP| stgbusBici N
vari ations on the Fig enbqdi ment,, status bit S|%nals B err] Blerr]
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time. St at?]'g&b‘f meR 'na?é E%%rl?% B‘fﬁ??ilﬁrgl Bl aresﬂlBBfLFa VG Baraf¥el to
an addr ess afecdeideinvarB@tpfoRMtates oBOcorditibohsbof sdweess alygnal . RAM
30 al so ingl or com@gr{i'?rw g}fl%l nr 34. Array 34 is an Mx 1 array

consi sting o nenor ary ' bit can be 15 stored in each
cell of array 34. AtEm?ﬂy ohsshbatus phit Slgna%ﬁ;gﬂﬁ'lBsx Bper 8] vajluer ]

det eryg ne aimMEWiis b\'ré‘fl:[é(blfél'\k'ftlﬁB&frﬁé] Statugeﬁ§£n§i‘§ﬁai§‘eBm§tare
significant bit_thereof and_ Blerr] determnes the | east significant

bit thereof§UPRkIH in pParablebstorndd 23Araes sdareder ornbhe32ePF BMarray
34. The 20 30, NedidnbriBity ¥@dHessf sseanl S ﬂmrsb Sleorineludsy i nstant of
tinme is al so i:[wflcatlve‘g:c Z?Sro erﬂéi |t|9n of DSP 20

(the oper atTHYBoNTF 1T o HRY e Hi n Bgyt a?’@ arra¥ndition of the
N nodes or cbrestesit snefoD3IP Bémdéryneehlsh One bsngn'_al biB[ean]b8[ err]

origij@te).g %@ﬁrg)?a%l '&Eifvé? déHr&{zeﬂ At aﬁg LBQEaﬁ‘Er ig4 in

response tO eac nar st gnhal s
Blerr]- B[erszjgnammﬁ@nadg‘éemmﬁea@oNrbht:sbmarY yal Pﬁe (Bel ected cel |

(binary sigftethBidd)the oak 2didR{r D8t bit EReérasraak@epkpoi nt signal .
PCU 21 halts an g@ﬁratlo erat ons%ﬂpof DSP 20 in

response t 8 t]%%c%eﬁ%aéb%?hflg?ﬁﬁalf’lﬁasﬁﬁﬁea bar¥htchar val ue.
| n one exanErespordspovSehé caddi@sy of one cell of array 34. The

20 N-bit binary value of signals B,-By at any instant of time

is also indicative of an operating condition of DSP 20
(the operating condition determined by the state or
condition of the N nodes or elements of DSP 20 from which
signals B,-By; originate). Decoder 32 selects a different

25 cell of array 34 in response to each N-bit binary wvalue
determined by signals B,-B,. RAM 30 asserts the contents
of the selected cell (binary signal I;) to PCU 21 (of DSP
20) as a breakpoint signal. PCU 21 halts an operation
(or some or all operations) of DSP 20 in response to each

30 such breakpoint signal having a particular value.

In one example, in response to binary

breakpoint signal I; having a level indicative of a
logical "1", PCU 21 halts an operation (or some or all
operations) of DSP 20. In this example, breakpoint

35 signal I; causes a halt of an operation of DSP 20 whenever
address signal B,-B, selects a cell of array 34 which
stores a logical "1" bit. Typically, many of the cells
of array 34 store data indicative of a logical "0", and



breakpoint signal I[err] having a level indicative of a | ogi cal "1",

PCU 21 hal {yg ses79¢ser ation (or sone or all oper ati ons) pefrd¥eBnzZdlz | N
this exanple, breakpoint 35 signal I[err] causes a halt of an operation
of DSP 20 whenever address signaljiB[err]-BN selects a cell of array
34 whi ch stores a logical "1" bit. Typically, many of the cells

of array 34 store data indicative of a logical "0", and WO

98/ 57266 the remalnlng cells of array 34 stor@P@dtiSoBidPEdRive of t he
remai ni ng eI Io%t alar,, ay 34 store data indicative of a logical "1".
Fig. 4is Sat | ve enbodi nent of the I nventive system
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of Fig. 3 (aqr chi 2- 100 circyitry Fi 7). In
Fig. 4, prdé @5&&%1&; i3 S 2% ﬁFEFXr a& PeFRTYn CEGrLA: L;edaé'ﬁ U

i ncl udes aowt @faQe 43, dJdamnidted ral iowrhan 'meprrmgltaindsmﬂprmnd program
control assert fuence 15

s. DSP 20 of, Fig._3) f n
control Fizslldn S8, D3P 29, o I g 00 Seserly gt ggiysace 1
ext erugal d@AWb@l'(lmx)BOshxﬁNrE)lg 3 (or RAM chipS09%+1h@0idydtheglescri ptlon of
the Fig. 4 , n der | e 3 (so
that R AFESRiERy 0 ot PEEMNCT B0 w1 AT AR MR D fas |
si xt een nepFeferably) an mﬁqgrs-?luer%@rﬁqmep which w@ﬂcudwtasﬁsgmas Blerr],

B2, and B3nﬁb%1%’ése(rrta%d1érn a@ﬁ@ld e;lrogram RSP D68 SRS g A a8oRPraddr ess
5|gnal to fi rst I N Tesponse M 40 asserts t he contents

(binary un |a§n§\°q5[<935])2001°§ Pf“ela:em SR ARRPHYLIRGcH LEEHSRERr ess 25

signals.  Soffi h.a:lt:el)t,nahJ techitgidll SiBfreilrd ,J.rB[nﬁeEsEﬂodrésE’é , t@ngh, B.{,ﬂfsti"uailiﬁon |
asserted i ra rom.prpcessor as_an address signal to secon
RAM 42, an% %%. Fesﬁacr'fsé‘_rﬁ&l\/l fé’asse%q; Ehw Wk he contents (binary signal
J[err]) of the cel |l & ea:itrmhtf.w the desmiiptidn afirelss Bignat. Signal s

ITerr] a“dcvl[en?gh:.]t akfe %b‘i‘félld mg: QTrﬁr : é%‘i;ocfljfxgrwﬁ?%hcﬁ QZ‘%G (43 In

response to pal r of ate asserts
breakp0|nt hat RAM 41 has elght memory cells) and Q so that

20 RAM 42 has sixteen memory cells). In this implementa-
~ tion, bit signals B,, B,, and B, are asserted in parallel
from processor 40 as an address signal to first RAM 41,
and in response RAM 40 asserts the contents (binary
signal I;) of the cell selected by each such address
25 signal. Similarly, bit signals B,, B,, B,, and B; are
asserted in parallel from processor 40 as an address
signal to second RAM 42, and in response RAM 42 asserts
the contents (binary signal J;) of the cell selected by
each such address signal. Signals I; and J; are supplied
30 to the two inputs of OR gate 43. 1In response to each
pair of signals I; and J;, gate 43 asserts breakpoint
signal K;;. Since the memory array of RAM 41 has eight
cells (each selected by a different value of a 3-bit
~ address signal) and that of RAM 42 has sixteen cells
35 (each selected by a different value of a 4-bit address
signal), breakpoint signal K;; has a value determined by
one of 128 possible combinations of the bits of the
address signals, and thus the value of breakpoint signal



signal Klerr]. Since the nenory array of RAM 41 has eight cells (each
selected by a different value of a 3-bit address sign t of
RAM 42 haéxg?yf@@ﬁ cells 35 (each selected by a differeﬁ#%wgﬁﬁgao a
4-bit address signal) , breakafg_signal Klerr] has a val ue

determ ned by one of 128 possi bl"@ conbi nations of the bits of the
address signals, and thus the value of breakpoint signal WO

98/ 57266 . s as . ; 42
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signal s arthé5invenfstont bel asserted 2t obhe neuk@Wwer 9t ckheuiPgifo the DSP (or
otheyq ci 1y fof {08 Wi 6H §he; addegesvei 8paksmeri6§084E) combinatfanh menory
circurt in any o he "enbodi ments, of the_, |gven%|ve §¥sten1can I ncl ude
a one-bit 9f dehe ePPerrtipg condipians n1pgicansdePYetlei BAGTFRBI enent ati on
of RAME 303iddal®Osuppidd4fyofrlaaciethiarbaynghatnisored de.gore bits wide

(as in_the enbodi nent to,be djscus | h1h e to

Fig. 5). DSP) to the memory GitHdt %hbd%?ﬁ%%ﬁag¥Q%%g’iégén?ﬁggssystem
RAM chi p 5@ipdufiny Hsrepitted &6 whipipleobrealpodntorigpals gie or nore
of chi - 100 | ' O e ENebudgs pRBOI(BCEl
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are i nt egepther eaiveuihafiron whighefheaddpefsr §igPBLEaRTAEIEASFAd in each

cel | of argaym memory3ciRAViehin BRyabsothackwBediNender egs tiiecoder (row 30

selection) unit 51 and Y address decqder (col un .
)inventive system can incfuge a ne;ggg wide cell array

(as in the above-described implementation of RAMs 30, 41,

20 and 42) or a cell array that is two or more bits wide (as
in the embodiment to be discussed below with reference to
Fig. 5).

In another embodiment of the inventive system,
RAM chip 50 of Fig. 5 replaces RAM chip 30 of Fig. 3 (or
25 one or more of RAM chips 92-100 of Fig. 7). RAM chip 50
includes memory cell array 53 (comprising an N x Z array
of memory cells, where N and Z are integers greater than
one). One binary bit can be stored in each cell of array
53. RAM chip 50 also includes X address decoder (row
30 selection) unit 51 and Y address decoder (column
selection) unit 52.
DSP 20 may be monitored by RAM 50 instead of
RAM 30 and may assert status bit signals B;-By and C,-C; to
RAM 50. Each of the status bit éignals has a value which
35 is variable with time. Status bit signals B,-B, are
supplied in parallel to X decoder unit 51 of RAM 50 as an
N-bit address signal, and status bit signals C,-C; are
supplied in parallel to Y decoder unit 52 as a 2Z-bit



selection) unit 52. DSP 20 may be nonitored by RAM 50

I nst ead of M 30 and may assert status bit signals B[gsy, ] and
Cerr]- C[err?”’sn% RAM 50. Each of the status bit signal sn}!uagsghg&\%a | ue
whi ch 35 is variable with time. Stgkus bit signals Blerr]-Blerr] are
supplied in parallel to X decoder unit 51 of RAM 50 as an N-bi t
address signal, and status bit signals Cerr]-Clerr] are supplied in
paral | el tad&régeomgnlamt a2 anyA ifddidnt, bit mgnav.l@ L5266
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select a ditferent cel I'n response to eac arr

bi nary val BesBrd&rémrmt@), and tghesl%yi%ﬂ% IRira ¥y Eb’#?]oﬁnﬂl@%}ﬂ C[ err].

RAM 38 asseries, tte éiﬁﬁtﬁfﬁﬁ*‘arﬁf of t:m_lé hes seh@rd£di ¢&l bf (Rhdeharsi gnal
Klerr]) to SF?% % é%lnt sjgnal . DSP 20 hal t%aan operation
(or sone oPPeT?d 1n§| Ico BSp O3S PREFGRE SPELAPR uch br eak-

25 poi ndetegnaheﬂahyng:r& lsazlaltleCldJlIal’cdtﬁim:e.on BieakpoiZitnodes osi gnal
Klerrl haseeBhie So! ol 091 v Uhel, MIGRRPIBLE, Soriginatefl nal i ons

of the bits o € address’si g [err]. Thus
t he val ue Bfcbhdexkpoiits §lgﬁialld I5[Zetsre]leCt a diffientrdntdadd o#f @awrray M x Q

possbil e 0Bgrahi REsPdnse T WO JEBAhry values determined

by signals B,-By and C;-C,. RAM 50 asserts the contents of
the selected cell (binary signal K;,) to DSP 20 as a
breakpoint signal. DSP 20 halts an operation (or some or
all operations) of DSP 20 in response to each such break-

25 point signal having a particular value. Breakpoint
signal K,, has a value determined by one of M x Q possible
combinations. of the bits of the address signals, where M
= 2¥ and Q = 22. Thus the value of breakpoint signal K,
is indicative of one of M x Q possible operating

30 conditions of DSP 20.

Use of a memory circuit whose cell array
comprises multiple columns of cells (e.g., a cell array
comprising Z columns, each column comprising N cells)
allows the inventive system to produce a breakpoint

35 signal indicative of a larger set of status bits than it
could if a cell array comprising only one such column
(comprising N cells) were used. High capacity RAM chips
are commercially available (at low cost). It will often



Use of a nenory circuit whose cell array conprises nultiple colums
of cells (e. a cell array conprising Z col ums,

conpri si ng ﬂ%é’éﬁ“g) allows the inventive systemto p?lg ucgs{sﬁ%]42

br eakpoi nt 35 signal indicative of f4larger set of status bits than it
could if a cell array conprising only one such col um (conprising N
cells) were used. Hi gh capacity RAM chips are commercially avail abl e
(at 1ow cost) ofte heMReABEY7888cuit of the
PCT/USQ/lgéﬁépré£e¥é£ie E& fmplement the é? cuit o P preferabl e
to |nplenehmvenélﬂ%n%$yngltbﬁl%eéﬁttﬁéPenSlVPnGQHPFEﬁtﬁganfthe | east
expensi ve e&méféiapryoavanabyermnceah ¥ aWRibAbhayRAMhehEBSofwhi ch may

consist o one or _nore % i ncl udes_a sufficient nunber 5
of cells f%?es?ﬁrmﬂﬁeaRﬁ@sF?éBNL bgF Hpe 33@39(5 §u§f6ﬁéen TUEPPEY £ or each

possi §l e sef eél¥satus btbrshgnal desssedt aslount ofndparmal(kel.(asnene or
nor e addr nal s

he. ' i {e,.FOG Z
status bit %an P egcgogéggégégrFggngﬁyEgééﬁ%gﬁlFog?ﬁﬁéﬁgﬁégﬁekgﬁguxt i t
is 10 typncparglbebféaabbnetorimpreneddrehe seopeysei toukheas a
si ngl e RAthﬂb f%bﬁgkf C?EE §a8%1§ C?klﬁ x0% 8B8tus bltcghgﬂalgf N x Z

cells) rat eac havi ng one colum of N cells) if
the one- ch&pelﬁﬁﬁéﬁﬁﬁﬁaln paral ednteakhBeMPRPE¥NEALEYLEr A6WEE cost than

the ¢ Ch'pt%?lcallyprEE@Eablento implement the mbfoy§t careuher agl kernative
enbodi nent mul ti-chi RANICl CU|tr¥gof th%ﬁ6 repllaces RAM

circuitry singlg RAY ShlPléhaXEP ZoRalgmngopPé 8 © ¢hPps ©8%- 100 of
Fig. 7). Teelbinf. of NIkCllbelmebuﬁaaharfthah ztagm chip8 (eRAN circuitry

and a second st age_ of M cireuptry:.t S a l.sts of a

fIrst Rav EAYRE0SpPnePatRgoRnY E1153°%¢, the, bhbSbnIE dRpiRNBNELe 2| 7
second RAM:tbnpcéft be implemehtddngtaloeex Qoatr&%a@fth@nﬂryhéﬁlls) and

the ;g nggggeﬁF?g§ ofonsi sts of RAM Chlp 62 (including a 4 x 1 25

array of ry ce in the Fig. 4 enbodinent, bit
signals B[err], B2, In YetaﬁﬁoBQeﬁré1§§§§PFéHelﬁmﬁﬁﬂéWPQF'f t&& a processor
40 as an multlaﬂﬂﬁ.ﬁsml ghzbutie 691 an@ iréplaseen RAMRAVeRhigsyert s
t he contents bln%r¥ S|gnal I[gkg %r more o e%hyFehlggggszoo of
Fig. 7). The Fig. 6 circuit includes a first stage of
20 RAM circuitry and a second stage of RAM circuitry: the

first stage consists of a first RAM chip 60 (including an

8 x 1 array of memory cells), and a second RAM chip 61

(including a 16 x 1 array of memory cells); and the

second stage consiéts of RAM chip 62 (including a 4 x 1
25 array of memory cells).

As in the Fig. 4 embodiment, bit signals B,, B,,
and B, are asserted in parallel from a processor 40 as an
address signal to RAM 60, and in response RAM 60 asserts
the contents (binary signal I;) of the cell selected by

30 each such address signal. Similarly, bit signals B;, B,,
B,, and B; are asserted in parallel from processor 40 as
an address signal to RAM 61, and in response RAM 61
asserts the contents (binary signal J;) of the cell
selected by each such address signal. Signals I; and J

35 are supplied as a two-bit address signal to RAM 62, and
in response RAM 62 asserts the contents (binary signal L,
where m = 1, 2, 3, or 4) of the cell selected by such
address signal. Since the memory array of RAM 60 has



30 . each such address signal. Simlarly, bit signals Blerr], B2,
B4, and Bl[gblok;seg asserted in parallel fromprocessor 40 agpcrruses/ifaz

addr ess S|gnal to RAM 61, and in response RAM 61 asserts the contents
(binary signal J[err]) of the cell -15-Sel ected by each such address
signal. Signals I[err] and J[err] 35 are supplied as a two-bit address
signal to RAM 62, and I n response RAM 62 asserts the contents (binary

signal L[esidght cellswieaehneelédct@d By arddffefrenhhevedhle ofl ect3ed by such
addr ess si |, SN a 8/ 57266
PCT/U898/f%b dé%egg é?&ng?yD£¥d ELaY 8% EﬁM‘gg R%% sixteen ce fpcells
(each sel e&as@h byekectédebyna daffierentavglue of pj #-hddr é§§r§15@nal) and
that of Fu@ﬂéﬁﬁfﬁs ﬁfé£ﬁ§81ﬁ6|%§gﬁaeaEpQ§£§ §e¢§¥GéKH$Wéfmﬂhéaeb§nt val ue

of a 4-bit g ol nt si nal Lerr] has a val ue
det erfri neP®§ Sf 13Bepessibiepseubbnationsi Rt BRS aEst RE 5P of the

addr ess S'agrﬂ@i-éséré’f@ﬁéﬂ?seﬁﬁeﬁx pPocandokhus,t Badvahue ehe valuy eFkpoi nt
signal L[err] is |nd |cat|v§ one, of, 128, oss#ble %% er

at |
cond|t|cnuP%ﬁaEP%%%Esﬁ%gﬁé is indicati | ¢ 7S tﬂ@s?&g;§tage
enbodlnentopéritgnglﬁondlﬁléﬁs dff§Ebceasome4or more of the follow ng
respects he. cL EoULtLy n es of
RAM circuitry can bée?ﬁéﬁuagas 8ac §?§W8 SgggﬁwgmeGQH%hng*%?igga
i ncligle any casidéffeuntsrope anwmorecaitshe followdngexSISPRAWCi rcuit in
each stag I S5g skre er I I
Fig. 7 |sg%%%?h%$8 ﬁgfﬁﬁﬂgﬁ% oPogﬁ ?éag gung aahlggggfgnﬁgéqﬁia|nvent|on
whi ch i nclRRMscErgribrysranabe lnC1u§P§ce§§Pﬁgs§?§€eﬁﬁ7§ANWhe DSP system 70

i ncl udes ac1rcu1t9¥°§§ﬁsthiadéhahyaaégiiéa hﬁ&b@&CbEORQMD%Q&ﬁﬂlﬁgwtFUC-

20 tion s 82 Troma g ran1nenD& 74 by neans addr ess
signal s t ra<nPRERIRBYFL5RVAHIIBsSAFNSs S§goSTRAD 1nC uﬂFb@E%%or 72 al so
accesses daésifeqmnmdabernmefomemsrytceids. 78 over data buses 86 and 90

by neans of address signa n q g er s 84 and 88
to the 25 respect?v nknﬁflgno§%e§ %H%@hi é bregkp0|nH%§%
i ncl udes Rewstempefothegdnvestios, whdchodndlygies digitadi mdgnaly 102, and

a_counter écégélﬂsnsgfauefﬂgva The - PE®ARRIRI Fodndc1uley iy eakpoint
signal isa (output fromcounter 104) haV|Ig1e|ther a
"hal t" processor 72 that accesses instructions over an inst

20 tion bus 82 from a program memory 74 by means of address
signals transmitted over an address bus 80. The
processor 72 also accesses data from data memories 76 and
78 over data buses 86 and 90 by means of address signals
transmitted over address buses 84 and 88 to the

25 respective memories 76 and 78. The breakpoint unit
includes RAM chips 92, 94, 96, 98, and 100, logic
circuitry 102, and a counter 104 for generating a
breakpoint signal. The breakpoint signal is a binary
signal (output from counter 104) having either a "halt"

30 value or a "no halt" value, which is asserted to DSP 90.

Each of RAM chips 92, 94, 96, 98 and 100 has a
memory cell array, and each outputs a data value from a
selected cell of its array to logic circuit 102 in
response to a multi-bit address signal from DSP 90. 1In

35 particular, the RAM chips 92, 94, 96, 98 and 100 monitor
the signals on buses 81, 85, 87, 89 and 91 corresponding
to the address and data signals from internal buses 80,
84, 86, 88 and 90. Thus, accessing of the program and



30 value or a "no halt" value, which is asserted to DSP 90.

Each of RAM chi ps 92, 94, 96, 98 and 100 has a menory cell array and
each out pWQ8STHS a val ue from a sel ected cell of i té’ 8 1 ogi c
circuit 102 in response to a nulti-bit address signal from DSP 90. In
35 particular, the RAM chips 92, 9213L 96, 98 and 100 nonitor _the
signals on buses 81, 85, 87, 89 and 91 correspondi ng to the address

and data agggahgmggggglgherg%lagggg% %g,ﬁB QFEB%g?%QMI%% %&% 90. Thus,

accessing o0 rogram an
PCT/USQS/andgored for predetermined conditions. - Egch cell ofatdenenories

74, 76 angd, %%Xgﬁft QﬁcHSM%‘h&@ [ naE:% prog etd)'b@d wzQlt ikP @Rk @r M ned

condi tions. of "each RAM'chi p can be programed
by writinghggego from ﬁeﬁ’étcé‘OPF@ﬂe&S@F“crl@ﬁr deprizg mg(rmmw@ @D@gr ami ng

and 55 E@?E@g&éﬁﬁhﬁgu Hh%&@@&%@%%%@& 106 alise swpplies i

appropriate address si to,each RAM ch J% %%ég% eﬁ%gpranned)
Wienever BBBFPRYIAfFCA 85@5?&? & &aned SdPam menory cel
array of prbgrammetipct edhenever desdfreidhe n%ﬁo@lnop:esadm lweadidamer ent array
O ohata vaLuesadl pul) RERBY ced9° 2R3 bR B ey e ool of

each S|gnal ied Trom DSP
systen1700fotHANBAM chipg2with eoddifferestt amylay @iff datef valmes. bits, each

bi t 5 1) 04 6AL) ¥araly! b PLESSRLAALS Yackpndl o Waghi 1 15
SRR 7

DSPsyste I nstan t he S|gnal bits determ ne a multi-bit
bi nary vamﬁéoﬁﬁléﬁréﬁrresponds to the address of one cell of the cel

ar&a}yf of one of RANE:a&% L~Q nal supplGedefren TSH rsyysﬂwln eﬂclmm\/llt bstel ggts
a differen r.ra es 0 eac i -

bi nary vaPéelagt EPHF&@&Sb? ﬁ‘epg‘u& tafy&fnrsé@gfa\%}% r]'t%“:RAM i nput s,
and t he RBbingt pntidchidveownifethe prese(rityrst(aajd = cs:migltadn rarbhimi t) of

t he,sel ec 0 I i t jtry 102
i ncl %des }g‘égu%% %F@n?onu er W}h%rta%t és(tl’gind/so'lrt':ﬁ%éI J’[)‘;51(2%5%9“lgﬂggener ate
a single Bi madgibbitkpdnaryl vaileet mo@f cprhesipongds to the@iddness

conmbi nati gg ghet Be19ak2 k%ﬁ”%eﬁq %&&%&'E&yc%g2of RaMd gyDiRAVE 92-100. A

particular |level of binary bit Kerr] (a | evel indicative of a
| ogi cal OpgcgﬁefeFéfcpgﬁgyéwgtgln each RAM selects a different

cell of the RAM’s array in response to each multi-bit

20 binary value determined by the signal bits received at
the RAM inputs, and the RAM outputs the contents
(typically a single binary bit) of the selected cell to
combinatorial logic circuitry 102. Circuitry 102
includes a sufficient number of AND gates and/or OR gates

25 to generate a single binary bit K, indicative of a desired
logical combination of the data input to circuitry 102
from RAMs 92-100. A particular level of binary bit K, (a
level indicative of a. logical one or zero)} triggers a
counter 104.

30 In response to being triggered a certain number
of times, the counter (or other means for generating a
signal at a predetermined time after assertion of the
trigger signal) 104 asserts a breakpoint signal
(preferably, the predetermined time can be controlled by

35 assertion of appropriate control signals from
microprocessor 106 to counter 104). DSP system 70 halts
some or all of its operations in response to each such
breakpoint signal having a "halt" value. In one example,



count-er 104. 30 In response to being triggered a certain
nunber w099/§.g§6§rres the counter (or other means for genepgtiyRgs/feodz
at a prede

si gnal ermned tine after assertion of the trigger signal)
104 asserts a breakpoint signal -{preferably, the predetermned tine
can be controlled by 35 assertion of appropriate control signals from

m cr oprocessor 106 to counter 104). DSP system 70 halts sone or all of

its Operaii&ﬂﬁeéﬁbﬁ@épﬂﬁsﬁlhar?abbeahpblnt sibhaakpeisetrteidgeal thevi ng a

"halt" val ue. In ope_exa 5
PCT/U898/f§Hﬂ% P counggr 104 having avgg ﬁ 1n%%cat1ve oq & response to

bi nary breaﬁpbcal siypathasspsted 70 hhéts someubpurldf ofodtser 104 havi ng
a level in @%&y& gf a |l ogical "1", the system 70 halts sone or al
of its rations. ' In alternative enbodinents of the
i nven$ive syst efp EE$EZOa§lV¢Oemb°ﬂéwﬁaéédOﬁyt@&ﬂénﬂﬁﬂﬁf%%oce55|ng

ClToui L OfoSYSLAM HEbCHOOULDYHS 181 988 aBiehS by Bbnd @tner pFeidsuie by [ he
nmenory- base reak olnt unit, and § gﬁ ans f or pI’OCGSSI ng

a breakp0|%%r@ugﬁaPr1§YSt§@nEPaF€d°H§PPE§ fd LSy %tnaFESponse to the

status moﬂiﬁére&nbwaﬁal ﬁeﬂf:r?ubasédpb%a&@bﬂ@tc ndt,t aerd sysiicm i s

tegraf ed £ wh | ud ther th
o1 001 am MoHEFYSARE PFBRPakPEOREPOFSBARE Ao Proar Bt on S Le. descr | bod DSP)

for mssertyagepasequbpcehef méhoryi niecodl dontresposisgn&lcs tihe redgiorsse to an

I nstructi fr xier dgv JEIhods
|nplenentgg 5? th%nsggé%ﬁ%g b8 Bﬁgh F%%E Sﬁﬁ é?%ﬁé%c?Bqﬁqgs 3-7 (and
vari ati onsis an 1nhegeah¢dacermu@h|whunb Q@Gééd@ﬁ ehetiahfeMaBHng n a 20
p;eferred ?PQQHEEEEH? ;Qe ?8?99& ﬂgmbg? hﬁHﬁB@d@}am contirdfll S tde steps

N_status bits (where Nis an
i nt eger grbatéhetﬁhﬁvﬁnéeﬁﬁﬂléﬁéhD§Pét§§rbﬁ§sﬁ§t ng a S§EYSRSS €hf a state

of ajfirstigtéesHhl EbﬁdtéitBi?naﬂsalﬁ5resp&h&beu@’a@pﬁm@&nup&munhtLon of a
node or elgnent of L,rst circuit) to a menory circuit including

an array of¥em an ﬁﬁEﬁF?a&eﬁﬁgl C&nd (b) reading first data
for determning a vafhe methods implemented by the systems

described with reference to Figs. 3-7 (and variations
thereon) are within the scope of the invention. In a

20 preferred embodiment, the method of the invention
includes the steps of:

(a) asserting N status bits (where N is an
integer greater than one and each status bit is
indicative of a state of a first circuit (indicative of a

25 state or operating condition of a node or element of the
first circuit) to a memory circuit including an array of
memory cells; and |

(b) reading flrst data for determining a value
of a breakpoint signal from a selected one of the cells

30 in response to at least a subset of the N status bits.

Optionally, the method also includes the steps
of:

(c) reading second data for determining the
value of the breakpoint signal from another one of the

35 cells in response to a second subset of the N status

bitsg; and



of a breakpoint signal froma selected one of the cells 30 in response

to at least a subset of the N status bits. '§@&hh¥, t he

met hod al S¥OPHE0%es the st eps of : ' (¢) readi ng second
data for determ ning the val ue ofgthe breakpoint signal from another

one of the 35 cells in response to a second subset of the N status

bits; and WD 98/ 57266

PCT/ US98/ 12042 % proce551ng the first data éﬁd the second (d)
processing the first dat

a_and, the  secon 3@ LOQLC C|rCU|£ry to
gener at e t#REDrivaKRIHE %%ﬁﬁ%}try to,geRetatg 95? reakpoint si
Alternati wpioh sdBdfvashedata generated in step 5 (b) |s the br eakpoi nt
signal with said valu ive

nQt her t
enbodi ment s, st%gt?ﬁ?aF§Vﬁ%¥foFﬂ%dfb§sgs§%?$iﬂé£§§$ su §£Q§ the N
stat us bit fbpsiadehesisréaksoint asignal ywithcaaidi vadue. flrst st age of

remmory ciroults, anda%hg? %PdCfggg g ?%tgghgg§§etgﬁbéégﬂﬁne%reakp0|nt

(c) reading second d et erm ni ng val ue o
si gnal fromuqmo(hbrlsnpenformed by aeeerglng gaidonpybsed afsEheiNn of a

second subggelQf $¥€s as adlpbakusibkigol e Aem8ePNdipBUREYifi RCUIt in the
first 15 st age menory circuits; and asserting the

first datafﬁﬁ%ttﬁ%aSQCQﬁdmemorYdﬁ%ﬁcéét%dd?@gstb?t@eFBOQ %E%Pd nenory

Circypt |nl@cludessgggngtéﬁgggfef menory circuits, and in response, reading
t he breakpoi nt signal megpLy circuit.

val ue .fr.o et
Preferably, the methé8 y%Fgaa%ﬂ€|ﬁasgnﬁhéag%eger BeE rg?nl? d) “aSserting the
br eakpoi ntvalgaabft théehbréakpbint sigpalcflirom andthéy baet pfigthe operation

gg thesrggé%lls in §E£88£Eeigorﬁégggﬁ§ohoo§ bi e8boual HEbabt! Be Eﬁ@apriht

N status bits to a second memory circuit in the first
15 stage of memory circuits; and

(d) asserting the first data and the second
data as address bits to a third memory circuit in a
second stage of memory circuits, and in response, reading
the breakpoint signal with said value from the third

20 memory'circuit.

Preferably, the method also includes the steps
of: (e) asserting the breakpoint signal to the first
circuit, and (f) halting an operation of the first
circuit in response to a first value of the breakpoint

25 signal.



:19- . _ CLAI M5 1 A net hod of

gener at i Ngw dgfs@RPOI Nt si gnal for control I ing oper apcensos/imaiirst
circuit, said nethod 5 i ncludi ng the steps of (a)

assertlng at |east two status bits frofp- a

menory circuit, where each of t he stat us b Lndicative of a
state of the first circuit, and where the - QQ"J LI""J ﬂ”“ | udes a

first 10 stage with at least a ficdaimenory and menory,
said first and second nenories having : respective f| rst and”second
arrays of nenory cells addressabl e by first and second subsets of

the statusl. A mebhod, folregensretingf asbyeakpoind Isdignplad® ted as 15

addr ess bi f se¢ond FIRER! I8$c d method (D)
readi ng flgéF{:ggigiﬁgr bﬁ%%gfeﬁgﬁl E’g g £ val tljleltof stahle l;nreealfpm nt signal

~from & sel épeéydéng she steps pfe cells of the first array of menory cells

in response tQqahhgskeitlinglatel eist! RwosstatudiditsErom adwert ed as
address bits to said first nmenory readi ng second dat a
for deternfhArfl FRECUit to,z H‘EW Férﬁr"éé"kp(’ﬁhrﬁresltd’rf)almq’?%a sel ect ed

one of cirbhetcehksuakst he Jesetd aafiastofarmrerof aensey rcells,
response to_t.he, second subse he.st at. It as address
: Fadsgggﬁ'& ﬁ&ﬁ%r 9% r’t:he stc,a%us Fits q(s %.r?d":ica : ngecﬁ]

bits to sa d) asse e first data
and ttbe sestate of theaffarats adacwds;biagxlto a third nenory in a second

stage of the menory I C Pebai J]‘?L%“ii_' R it ¢l rminind T#9AE! ect ed

cell of athird array of nenor I ncl uded 1 n sald th|r menory
in responseft §h§ab§eakP°ln<§s§é9P@d- fﬁr@t afelastad ng L dp cells

([eL rl) gr B%F%ﬁb”@ﬁ%‘tdatr@a&d1@13'[1%5‘;5&%“6&@%&: least thesusestkpet nt si gnal
wth sai %%eu%tatus bits.

15

.2. The method of claim 1, wherein the memory circuit
also includes a second array of memory cells, and also
20 including the steps of:

(¢) reading second data for determining the
value of the breakpoint signal from one of the cells of
the second array in response to a second subset of the
status bits; and

25 ' (d) processing the first data and the second
data to generate the breakpoint signal with said value.

30 3. The method of claim 2, wherein step (d) includes the
step of processing the first data and the second data in
logic circuitry to generate the breakpoint signal with
said value.
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2. The nethod of claim1, wher I , ""II conpri ses: '
asserting the third data to a a(mmgm uL count er ment ed
wherever P8 R¢d data has 5 * a val ue at= corresponds q’%’h@%‘% poi nt

condition for said status bits fiéwnsatd first circuit,

repeating steps (a) - (d), and generating a breakp0|nt

si gnal after a predet er m ned nunber of breakpoint conditions have 10

Qoo ed: 45 IhEnAbegs e S8l gk | Yoot 4504 L £8rd@ avray oai ¢ counter

3. (Cance le hod of claim1,
wher ei n then¢ln¢%ﬂd@maa|§lr8t mem?ﬁﬂl%%tﬁv%lﬁﬁtaS%ﬁ%%r?fv%P%emeﬁﬂﬂymhere|n

step (e) ?&rcufermtase@eaéé&sﬁar@rfw taltﬁcpkﬂ@dtpntaeswsﬁa
circuit as the breakpoint, si e the val ue of br eakpoi nt

signal is ‘E%H‘Qﬁbl‘h%r?‘%aﬂt’és St%e - ethe TRemQRY HoHrority a‘l"]it“?’iel’\')\her ein
thehf%rst @ﬁéﬁuu&) includés tahéilgtélaloslagmértpmgesn@rsuhsdtmemhe t he
nmet ho | ncl udes.the rting
the br eak AT IL BHET 1 secreds BEEF £ paic Sivas meupry WheflPs
processor ;step G0) includes the(gﬁema¢f|m@sentb@@rat$©monﬁ swesetgita

si gnal pr%&fsgﬁg éEhESEPBf€§ é#hé %ég@¥€9'85 the sep ShdNRbmory

* CL N claiml1, ere|n the first,
second  therebyneeading ﬁ@%n$$@%n@r@a¢%nﬁﬁﬁﬂa%%%@ssﬂ%ﬁ%@ymﬁm?Eﬂrts

and yher eidnd heaéeémdseéﬁomﬁciﬁ@mdé@etﬁé ePcdb of :

before step (a), progéggﬁllﬁb Qﬁ C?irst éata and the second data as
address bits to a third memory in a second stage of the
memory circuit, and in response, reading the breakpoint
signal with said value from the third memory.

15

5. The method of claim 1, wherein the first data is
indicative of a binary value, and wherein the method also
20 includes the step of:
(c) asserting the first data to the first
circuit as the breakpoint signal, where the value of the
breakpoint signal is said binary value.

- 25

6. The method of claim 1, wherein the first circuit is a
digital signal processor, wherein step (b) includes the
step of generating the breakpoint signal with said wvalue,
30 and wherein the method also includes the steps of:
. (¢) asserting the breakpoint signal with said
value to the digital signal processor; and
(d) halting an operation of the digital signal
processor in response to said breakpoint signal.
35
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e first, second and thrrd arra s with desired data val ues,

\(ljmegrr(raleg Eja a%’g ues mmm,lﬂl"""lll mFZt 2y2’[ gm i ncl udi Ingd Pefruss iz

a first circuit, incl udi’ ng pr OCEsSi *ng oreANS and neans for asserting
at least two status bits I ndicative of states of said first
circuit: and menory nmeans connected to the first circuit

15 for 7r.ecehel g thioel siiatdlmbd th, aménﬁrreraatﬁingsta random adeskpoi nt
signal having_a valu et, t ' ein the
gffx C F&&‘g%l% rf{u@ie r%,t]:'asgte aoz%rarfe Oa.é L{r?en%%sa ?g\ff é

menory means, nory cir ry ahd a
'second st agd Uhememmr y:he methOd:rarJ(asn tingludes fiheststemget of nenory

circuitry 20 Ay [ r& Ay,
menory cells and fr rst rreans e%Jor reagr ng‘#r rsliﬂ% thd ' éet18 ?r%l?néa sel ected
one &f thé&igstl arghnt Wath dasigiedhydatp values, r"é%??é#ﬂsfé the firfast a

subset of ghkg Skabhe Rt Saild@Vesired ddtd Stalsiage of nmenory circuitry also

including a 25 second nmenory having a second array of nenory cells
and second neans for reading second data froma sel ected one of the
cells of the second array I n response to at |east a subset of the

st at us brg #‘ < cC.I\HQﬂ. stage of menory circuitry connected to the
30 first s aé’ft&mré'@e djgrhefrrst and second data t herefrom
th 3€cond stage i nclaudiingpta diiowd tneniorgluding preaessing theans saandy of -

gﬁgo(r)]}' fﬁh@%n@n%o@'ﬁrﬁ%éﬁ?ﬂﬁ] at ﬁ.leracgtortv;c?agdaf&é iy dfﬁ@l%é@ & sel ected

array I'n response to t rst and 35
second daP4, SF%%%@%&@%%@WW s for processi ng the
trzﬂzrd data to gener %fe@r;dﬂiﬁn}iﬁa@lfg(%rg{ecv'&qed t&lttgtjrqalgﬂét? éﬁt@luytglf@r |

- em of claim erein the first, secpn an
third rrenﬁFF@é'V&Pgt %‘W TS A [IRRRH 2 reREPARbr i es, each

i nphsnent edgaalamxarvr:i.tr@graatxaIue deteatniined byt ché rutrwltmtlalm, t he
br eakpoi N3 @18l el frchhory ddids SRlAdSs | LAL Ve oLy Pl RaRry 2! Ve

t he val ue
cells and first means for reading first data, for
determining the breakpoint signal with said value, from a
selected one of the cells of the first array in response

20 to at least a subset of the status bits.

9. The éystem of claim 8, wherein the memory means is a
random access memory implemented as an integrated

25 circuit, the first data is the breakpoint signal, the
first data is indicative of a binary value, and the value

of the breakpoint signal is said binary wvalue.

30 10. The system of claim 8, wherein each of the status
_bits is a binary bit, the first array of memory cells and
the first means for reading are elements of a random
access memory implemented as an integrated circuit, the
first means for reading receives N of the status bits and
35 reads the first data in response to said N of the status
bits, and the first array is an M x 1 array of said
memory cells, where N is an integer greater than one and
M= 2%, |
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of the breakpoint signal is: stﬂﬂmmnﬁm "m and t he processing -
means of the second stage of u I"" means asserts said 2042

br eakpoi ntW@PHFR6 with said valfue® ' "té said first circREUPY

10. The systemof claim8, wherein’ ea(lég of the status bits is a

binary bit, the first, second and thi menories of the nenory neans
are random access 15 menories, each inplenented as a integrated

cireuit, T Sl aogedclsaﬁgrqi e e da%dcsfgtﬁec&a@&@ ve

and treat Js]tatu S as dress 's ‘correspon se Iect ed
cel | s of thigs dspecthimary it atthedsorrt array %ﬁr‘@@@oﬁf eells apdthe

first andgecond JIPRUdes. fc‘ilpere?&hng 42 r&h sthanss TOF 4 opsthdlem! ecei ve and
treat first an second dat a_as address blts?éorrespondlﬁg to a

sel ect ed RFFeHF NONH; FPkanented a3’ ptedeated rerreuit, HReory, and
the fdrst,fisanonskasl ﬁcm rﬂaaraamglﬁc@ixees a first ngée-&f INvoLlech@nori es

each prOV|d|n a one 1 t.25 respective first econd and

third st Pic na % seﬁon#féelgy%f f ?ﬁ%t TRt ef nalegch of the

st at us 30 reads ttshe sfirdli rdata bin ,redmorise sto s&:o@nfhmml $dﬂt raind

memori es of, { e IR Yo dPAE S SANANM BEEESSand th gach
i at ?east one o?

I npl emented "as an 1 ntegrated Circui sai d
erori es ofs san M rer@rarymarst said memoxy neell®i twhere eeslrgf Woviding a

mul t{hit uppu 35 a8 1 L d QU NGB U T @hdd Yool | SgPar s e Glagses of

conditions ngrmltored via said status bits. - 23-

12. The system of cI aim8, further conprising a count er connected
to said third nmenory of said nmenory . means to receive said third
data, said counter incrementing in response to said third data 5
corresponding to a breakpoint condition for said status bits from
said firstlzir cThe ,sysieh onfintlaim 8, whémeimgtle wempuy peansdi ng a

br eai@m “Hé&ﬂf@és after a

a first memory circuit including the first
array of memory cells and the first means for reading;
and

a second memory circuit including a second

20 array of memory cells and means for reading second data,

for determining the breakpoint signal with said wvalue,
from one of the cells of the segond array in response to

a second subset of the status bits.

25
13. The system of claim 12, wherein each of the first
memory circuit and the second memory circuit is a random
access memory implemented as an integrated circuit.

- 30

14. The system of claim 12, wherein the memory means
also includes:

35 means for processing the first data and the

second data to generate the breakpoint signal with said

value.
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pr edet er m ned nunber 0|nt condltlons have occurred, as
det er mi nedyB¥s&mics ﬁm m incremented t. said Péf/ﬂ%%ﬁ‘?ﬁﬁifed

nunber . 14. (Cancelled) 15

(Cancel | ed) 16. (Cancelled) 23- 17. The system of claim8,
wherein the first circuit 20 Is a digital signal processor, the nenory
nmeans I ncl udes neans asserting the breakpoint signal vith

sai d val uers p tmedégisteﬂn SfypBhifr DepSwReéredndtRai fleans fordi gital signal
. processor includes nean s1 g hal ting an operation of the processing
means in rESPONSE 1o THE-28%5%° preakpoint signal with said val ue.

18. The system of clkoai&, civhenktnyt fierfpretessingi the firsti daaa

WleOCOﬂtréA&E%he3Q?cond dat%gtoTa§n§¥§£gnEﬂé BLQ&ﬁbgin§h§£§n5Ee first

circuit is

-24- 5 with segid W%bUGysten1of claim8, wherein the first, second

and third nenories are random access nenories, and mherein t he
system al so i ncl udes: means for programring the cells of
t he 5 first, second and third nenories with the desired data

‘val ues, wherein the first, second and third data are i ncl uded as

said deS|rfg.dafﬁgv§§g§gm of claim 14, wherein the wmemory means

10 includes:

a first stage of memory circuitry, includiﬁg
the first memory circuit and the second memory circuit;
and

a second stage of memory circuitry including

15 the means for processing, and wherein said means for
processing includes:

a third memory circuit inciuding a third array
of memory cells and means for receiving the first data
and the second data as address bits and reading the

20 breakpoint signal with said value from a selected one of
the cells of the third array in response to the first
data and the second data.

25
17. The system of claim 8, wherein the first circuit is
a digital signal processor, the memory means includes
means asserting the breakpoint signal with said value to
the digital signal processor, and said digital signal

30 processor includes means for halting an operation of the
processing means in response to the breakp01nt signal
with said value.

35

18. The system of claim 8, wherein the first circuit is
a microcontroller.
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10 21. A system including: afirst circuit,

‘incl uding pr Si nqlnﬂmwuuuumumgd means for asserting at |east two
status bi t‘g‘)%/g%“, RVRIGM s I8 |sMbt us of said first cir US04
menory neans connected to the first c_iﬂ:_uit 15 for receiving the
status bits and generating out put data having a val ue indicative of
occurrences of breakpoi nt conditions for said first circuit, said
"Menory meang. | n@lléudé ah L3512 fhes arhRY-Of . . edlxs addr essed
by said status bits #or readi ng said’ 2‘& ol %lg%gﬂs%(%?ec Jfcr:ll'l;sglii nerory
cell's; andlogic analyzer. a counter connected to the nenory neans for
receiving the output data therefrom the counter incrementing in
response to output data correspondi ng to a breakpoint condition,
said counter having an 25 © out put "providing a breakpoint signal after a
predes er m ned nunber of breakpoint conditions have occurred as
det er m ned, by i d counter being. incremented by said data to said
predeterm'%n(g'd ﬁ%rﬁ)e%’&em of %Q?qld“f?‘r YRRTFHR TR AT B M€ ai d count er
out putt tolrBfludes raecEinst scntidn exkqpesntmenomal itdbudingnmhe first

array and the first means for reading, and wherein the

system also includes: '

10 . means for programming the cells of the first
array with desired data values, wherein the first data is

one of said desired data wvalues.
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