; GHe3e<9Lh6, T*. 2 1 APR 2003 DESCRI PTI ON Si gnal processing appar
TECHNICAL FI ELD The present invention relates to a signal proces ﬂng&Pﬁ%ZUUa
apparatus having one, or plural nenories built in an LSI. BACKGROUN

a conventional signal processing apparatus, one way to utilize the bus
information such as data and address appearing in the bus of the.apparatus
in systemoperation as fault analysis data in the event of fault taking

place in the systemof the apparatus is that the apparatus ﬁmmmmﬁwmummmw
information in an anal yzi ng devi ce such as | ogic anal yzer.

that the apparatus adds a tracing nmechanismto the systen1 as disclosed in
t he Japanese Lai d-open Patent No. 6-187256. Pate

the recent advancenent in the séhESéHﬁﬁﬁHﬁHﬂtechnology |s pgjwmmmu%mmwmmn
devel opment of LSI integrating various function bl ocks and
chip by large scale, and therefore the conventional constitution*abooi gnal
processi ng apparatus as nenti oned above has the foll ow ng problens.
Firstly, sSiganalpeoeysginguepheatmssi gnal is not issued outside of the LSI
t he anal yzer cannot be connected to the apparatus, and in the event of
fault, the system cannot obtain necessary information for fault 21 APR
2003 2 analysis. Secondly, to formthe tracing nmechanisminside the LSI, it
gives ri seECENICAERSYELIN the area of LSI and the cost because of
requiring an exclusive control circuit for fault analysis and an excl usive
trace nenory.. DI SUOGHRE nOEnTERibAYENEROYo a signal processing apparatus
having ong o f,-g;‘;‘:;;al memories built in an LSI.
BACKGROUND ART
In a conventional signal processing apparatus, one way to
utilize the bus information such as data and address appearing in the
bus of the apparatus in system operation as fault analysis data in the
event of fault taking place in the system of the apparatus is that the
apparatus stores the bus information in an analyzing device such as
logic analyzer. Other way is that the apparatus adds a tracing
mechaniety t6 the system, as disclosed in the Japanese Laid-open
Patent No. 6-187256.
However, the recent advancement in the semiconductor
technology is promoting development of LSI integrating various
function blocks and memories on one chip by large scale, and therefore
the conventional constitution of signal processing apparatus as
mentioned above has the following problems.
Firstly, since memory interface signal is not issued outside of

the LSI, the analyzer cannot be connected to the apparatus, and in the

event of fault, the system cannot obtain necessary information for fault



To sol ve the above problens, the signal processing apparatus of the

i nvention conprises plural nenories provided in the LSI, pl uralg WDR 903
access bl ocks for accessing the plural nmenories, plural arbitralio ocC

for arbitrating the access right of the nmenories, and one or plural trace
control blocks for issuing a menory request signal for storing the access
hi story of the nenories. The arbitration block of this si gnal processi ng
apparatus arbitrate access right of each y when t menory access
request sPBALYSS; ssifé&nﬁﬂbn?qg‘ér aTraﬁé‘hﬁ)rIS‘/eg@k’é'§§ BRsidest ?él%[ntl red in
the arbitration block. The nenory access request signal defined herein is

t he menor §ivgsceise feqirerease gimlthenaradi of a9t randit e coet nkedanrset of each
menory, and the apparatus of the invention also can be achi eved by

conpri si ngeqhirimg anbiexchisive lsbotkad. citvait r fe feorit r abhaby sick disbuss a
menory request signal for storing the access history of the nenory on the
basi s of étheluserdbiacefl manboidyrati on by the arbitration block in other nenory
than the nmenory executing the requested access according to the nmenory
access request signals issued fromthe plural nmenory access bl ocks. The

si gnal processing apparatus can obtain easily necessary information for

faul t anabﬁ@'(ﬁJ0$UI€]i‘®Iﬁ‘°[fH‘E afviatfonw t hout requiring any particul ar 2

1 APR 2003 addi t| onal neans such as exclusive control circuit for fault

anal ysis or eXC' | $8v Utﬂfeeaﬁrgwé;\éobﬂlh@ ﬁé‘%\/@a?lpgio& ésa!pﬁb%r%?&gr atus

of the invention does not requir any EXC usli ce ITEITD or access

hi story dgt gl bl SYSIGeiA00 iR £85406 0068k T 0% frockpc’ﬂﬁ% Feover,

addi tion a sna con et & suc ace con

this signal Dbrocessin ratus can obtal necessayy |nfornat| r fault
anal ysi s EIFORY @it oP Lok ff’an&gfewggsﬁ SIRER Vms bR e il
processin ec sing the | oad bus. The

51 gnal 85%@&?3\@11%{35?5?% af frEEethe, Avase ebE of R meRorSAARA |

ot her nenor e nennrx ﬁﬁyth% t he request edaccess issued fromthe
enr Yy aceaésorbpaﬁ’aw trAce REMERA 106K g tpsu S SPGRAF T g abpar ot us
reads out ,the access history fromt ot her nenory, hat the _person in
char ge caFPraﬂ%ﬂrﬁ% tf‘ﬁe*“i?&ﬁ% igtonshet fhg memgriesy 'Ek?l:ﬂ'x 'P'h erk OF THE
DRAW NGS Fj 1 is an electric block diagramin an enbodi nent a signal
processi nﬁ% gbb%ﬁ'a&w ROCeRETENFRART S qyéra ieg asceaﬁSer'egm atehy

di agrans of electric qperation exanple when the trace caontrol bl ock does
not execufeMPEL® hemothesmempory access request signals issued from the plural

memory access blocks are entered in the arbitration block. The
memory access request signal defined herein is the memory access
request signal including attribute information to each memory, and the
apparatus of the invention also can be achieved by comprising plural
arbitration blocks. The trace control block issues a memory request
signal for storing the access history of the memory on the basis of the
result of arbitration by the arbitration block in other memory than the
memory executing the requested access according to the memory access
request signals issued from the plural memory access blocks. The
signal processing apparatus can obtain easily necessary information for

fault analysis, in the event of fault, without requiring any particular



in the enbodi ment of the signal processing apparatus of the inveption, a &@
Fig. 3 is an explanatory diagram of electric operation exanple ﬁZ]l Q& 3
4 when the trace control block executes trace processing in the enbodi nent
of the signal processing apparatus of the invention BEST MODE FOR CARRYI NG
OUT THE | NVENTI ON An enbodi nent of a signal processing apparatus of the
invention is described below while referring to Fig. 1. In Fig. |, a signal
processi ng apparatus 100 is controlled3from outside by a mcroconputer 110.
A first nenory access bl ock 120reads or wites a first built-in nenory 160
in the signal processing apparatus 100. A second nenory access bl ock 140
reads or wites a second built-in menory 190 in the signal processing

appar at us adéitionaltmeans grah gsr oxcdssivagoappdrarast oo fawlttanalysiserror y
access block 130 reads or wites the first built-in nmenory 1@ or second
built-in nex@pgiveoacAmémsty.arbitration bl ock 150 arbitrates, in the
signal processing apparatus 100, the access right of nenory on the basis of
each menory acces®hreqikstsigpahprinestinsuprendig ef tesdnbeoknideesand t he
third menory access block 130, and accesses the first built-in nmenory 160.
In actual operedwion,amnshexfliusite trdsetmamiogn fok dockesssDisheredaes inrtdef i r st
built-in nmenory 160 on the basis of the data of an arbitration address bus
101 when t$wsteny, sindreealize satec ebtaibl imdkrih2tiooronlidit hilditionenbraysmebtless bl ock
130 is reading the first built-in nmenory 160. And the first arbitration

bl ock 150 emwdaskedrauie duchstasbtridce - ¢antrehdrdgekl. QD Merepoher.bibiss sidnalhe dat a
of the arbitration address bus 101 and an arbitration data bus |02 and

ei ther of pinsebsiags,ansientys i cdmgobtiaint heceisgnal iploomadiimgfoapfankt us 100,
a second arbitration block 180 2 1 APR V03 5 arbitrates the access right
of menory omabysés badhs eyenéadHambinopdendbesamegerdition amvilan trdaed nenory
access bl ock 130 and second nenory access bl ock 140, and accesses the
second bui Prociesimgnisr yol gpecutadautithautoperatsiag thehloadedoie memanyati on

bl ock 180 accesses the second built-in nmenory 190 on the basis of the data
of an arbi®W&tion address bus 103 when the third nmenory access bl ock 130 or
the second nenory access block 140 is reading the second built-in nmenory
190, and on the bABpssignal peoessstnmrrppheatmshitoras itba agaseddstouy o3 and an
arbitration data bus 104 and either of the buses, when witing. A trace
control bl Bekmemeryos ¢idres memorndhap Jhgimemaresxe¢iging she aeusestsd, for
storing the nenory access history in the second built-in nmepor %90 on the
basi s of tHEoPEIETUe O ORY Hi PTG Aeephilaay ot It PYeRt Gt odke150. A
an expl anation_ of specific OEeratioH of tpis ean%inent thﬁ}og ration of
the si gnal Si§PGLREQTES§ DG ARP ATLS 168 9F St LB ACRE St Stoycfzew the of the
third nmenory access glo?k 130 to.the first buift-iB nennryf%€0 i S, descri bed
bel ow. The™4EtEYs shitaabile PaFsaTsin ¢hatge ct2urlygp bRk CAURR O T FRRLAY access,
menory address and nmenory data. In each operation, the priority order of
each menor§A%ttess request in the first arbitration block 150 is first
menory access block 120 > third nenory access block 130, and the priority
order of each nenory access request in the second arbitration block 180 is

rceess. bl oSSR O iR FTERaATIRERS 110 cet s “such an Tnitial
condi tion Fig. 1 is an electric block diagram in an embodiment of a
signal processing apparatus of the invention;

Figs. 2A and B are explanatory diagrams of electric operation
example when the trace control block does not execute trace processing
in the embodiment of the signal processing apparatus of the invention;

and

Fig. 3 is an explanatory diagram of electric operation example



21 AP Rzoa~s 6 in the trace control block 170 as the access_history of
the third menory access block 130 to the first built-in menory 260 APR 2003
stored in the second built-in menory 190, by using a m croconputer address
bus 111, a m croconputer data bus 112, and a m croconputer control signal
113. Referring to Figs. 2A and B, the case of not executing the trace
process of nenory access history is described below First) in Fig. 2A the
si gnal processing apparatus 100 accept4 the access of the third nmenory
access block 130 to the second built-in nmenory 190, or the access of the
second nmenory access bl ock 140 to the second built-in nmenory 190, and the
trace contrql blqock 170 does not execute the trace process. Wiile the third
menory acc@d¥ip| ek traee i sortgabi hlpckutexgcwiator i age c 83ecessifesin sthhal 133
and the second nmenory access bl ock 140 is sending out a menory access
request si §adIodimentghihe signHarrosesring Anpiarabes ohtie devent8m “t he second
arbitration block 180 judges the priority order of nmenory access requests,
and sends back the nenory access acknow edgenent signal neaning that the
menory access request signal is accepted, to the nenory access bl ock of the
hi gher pri &EIT MPBE FORNCARRY 0¥e O UTHEHEESHENSFIINT at i on bl ock 180 sends
back a nenory access acknow edgenent signal 134 to the third nenory access
bl ock 130 hi gher Am tetebqslimemitt pfoadeigrsil pepersping cappanadyaesf . th® this
time, the second arbitration block 180 executes the nenory access request
of the thiievendnen ys deswdse dbelok ¥3@let xefetmngdodhig. duilt-in nenory 190 by
using a nenory control signal 18/, a nenory address bus 182, and a nenory
data bus 183. Welntlig. 1, a 2ignaiRRo2e9dny apeayelunt0@ds coriyotst frgm

acknow edged) the third nenory access bl ock 130 withdraws the nmenory access
request si AbIIde3B] sEHicriremyBEGndl Hi-bi ¥ AtrisbrmpmeEk agesaddesk sl2-nenory
access request signal 141 of the second nenory access bl ock 140 having the
second hi gheads gFiwrites aofigey b(s‘#”riﬁnﬂ\@}m&'é’c&é et figngharew@sgineack a
menory access acknow edgenent signal 142. Afterwards, the sane process as
in the cas@PBfratye 1Hl.r dAnterony BEPOSE aceek Piwek 140aeadatadvritas @ g. |, 2B,
the signal processing apparatus 100 accepts the access of the first nenory
access bl oékeopgh bpglttigemeimary B |ip- harspdRal REEILsaIE RBAF§Ee 180nt r of

bl ock 1?0 does not executes the trace process, Wile the first penory
access bl oék "eosiggat@gasengingiePPREaENdP ) 4cthisd PeFeEktacEPhAlod21 to the
bock 150, the first arbitration bl ock. 150 sends bhack a neno cess
acknow edgérBnieadsgiarites the ?Hét W&‘W?r%égﬁsgr ﬁF‘c‘)‘l’k:[ %’2’0.“& this
time, the first arhjtration block 150 jssue n arpitratjon result. signa
175 and' | SSREGAON ofh MToH AP APOGD KBS T 0 i BAL AR 1A ShRRhy

arbitration result data bus to the trace, cantrol bl ock 170.. And t he
trace cont PB?CeﬁFH@KaWﬁractﬁéct(géitfhesﬁﬁ%sﬁﬁﬂﬁﬁhﬂ?i%ﬁm%y 8t eegawstﬁ t he

BAICIER - R E R R EE St o A MR R )
IR R GRER TR R T AR
oo R AR Fs SRl o i TRl 5 S50 A, 120
renory addEigcsesssgéj%h%5§rs%ntguilt-in memory 160 on the basis of the data of an

arbitration address bus 101 when the first memory access block 120 or

the third memory access block 130 is reading the first built-in memory

160. And the first arbitration block 150 accesses the first built-in

memory 160 on the basis of the data of the arbitration address bus 101

and an arbitration data bus 102 and either of the buses, when writing.

In the signal processing apparatus 100, a second arbitration block 180



~ 1 APR 2003 8 nenory data bus 153. Wen the nenory access request is
acknow edged, the first nenory access bl ock 120 w thdraws the S
request signal 121. Fig. 3 refers to a case in which the signazegﬁégﬁggﬁﬁia
apparatus 100 accepts the access of the third nenory access block 130 to
the first built-in nmenory 160 and the trace control block 170 executes the
trace process. Wile the third nmenory access bl ock 130 is sending out the
menory access request signal 131 to the first arbitration block i50, the
first arbitration block 15 0 sends back the nmenory access acknow edgenent
signal 132 to the third nmenory access block 130. At this tine, too, the
first arbitration bl ock 150 issues an arbitration result signal 173, and

i ssues dat artifradas ailsi peeassonishésyfl meadayees thesbagis ahdagh mepiaryati on
result data bus 175 to the trace control block 170. And the first

arbi trati ohcdssdcie (16t dxemutles thial mempoyy accessbledquds80 ohdt sexonldi r d
menory access block 130 to the first built-in menory 160 by using the
menory conneolorgiagaass btk Indnany @addssesshbuecdb@ bahkt- imemeinorgalt®).bus 153.
The trace control block 170 checks if these pieces of information are

mat ched w Irh dcteal miperaliby, she sedoadsarkbisrdtdostiobekt h80 agarssedithtory.
Since the trace control block 170 sets initially so as to store the access
hi story ofsdchedthiitdinremanyrygd0esm bhobksik36F tloe dhaea fofraat abbithhtion Mmenory
160, coincidence of access history is detected. Detecting the coincidence,
the trace mddvesslbusl DXk whiéq, thenthirdl@feni @yt saees beckat8@ s thieSdcbid
generates access history data fromthe arbitration result signal 173 and
bot h dat a mbmiolrg acbid bddvdkon40 2lredldin@GB3 Scoaduiiladdrmsmobysig/4 and the
arbitration result data bus 175 including attribute information. And the
trace contamwd oblthekb 4si6 of ¢hdsdadatofatheeanbi yr adizoesddresguest 18Bgnal ad71 for
trace, address data to the arbitration address bus 108 and data to the

ar bi trat i carbdtrtadidouslat®husTho4 secd rdtlerbof the itorseb) odienl 8@;itintgen Accepti ng
the request of trace control block 170, sends back a nenory access

acknowl eddepentosirghhlock7D7( contirolsc én tive sigmal patceessomg appabd okl 0070, At
this tinme) the second arbitration bl ock 180 executes the nenory access
request’' oprisierimgatie gormerst abterskhistoryt in tthe seeooddbwiltdin-mameerory 190
by using the menory control signal 181, nenory address bus 182 and nenory
data bus 1¥% oréheaesispiithe reantt Jpebitrabion affdedirstarpigationdhlpchccess of
the third nmenory access block 130 to the first built-in nenory 1F0, the
trace cont¥¥- biock 170 and the second arbitration bl ock 180 execute the

trace process of fhe access hi stﬁry dFta to the ?ec,ond gui It-in germry 190.
The expl anation ofS BRiCXPEHAPHEHEP §@I16 08872 HOBRT ERisRINBodIMeRG B pr ocess

of access histor a of ope nenory access bl ock, but this signal

bt 0c6sst ngPREBaI T Uates P b DARFET CLaLPED S P 0 ecshE R DhsaCoees
history of the third memory access block 130 to the first built-in
memory 160 is described below.

The access history refers to the access block name, type of
access, memory address and memory data. In each operation, the
priority order of each memory access request in the first arbitration
block 150 is first memory access block 120 > third memory access block
130, and the priority order of each memory access request in the second
arbitration block 180 is trace control block 170 > third memory access
block 130 > second memory access block 140.

Further, the microcomputer 110 sets such an initial condition



processing of plural nmenory access bl ocks which are rel ated to

pl ural

trace control blocks. | NDUSTRI AL APPLI CABI LI TY The sign

apparatus of the invention does not require any exclusive trace ne
access history data in the Z 1 AP R 2003 system and is capable
obtaining fault information under the sanme condition as when trace
processing is not executed nerely by addition of. a small control c
and therefore systemfault occurrence €an be reproduced easily, an
can be anal yzed snoothly, and hence the signal processing apparatu
i nvention has an outstanding industrial applicability. 21 AP R 2
CLAI M5 A signal processing apparatus conprising: plural nenories p
in an LS|, impthe ttacrmentioladeeks d 78| actle dgesabiewsy nd thhdhpldmamongnor i es,

pl ural

r/uéaszuaa

nory f
of

ircuit,
d cause
s of the
003

rovi ded

arbltratlon bl ocks for arbitrating the access right of each nmenory

by recei vi aggeeabboakeh®? yo tloe Eigst beijtiestmeingnnll 609s wéak efdrioantheaiedomdnor y
access bl ocks, and accessing each nenory, and one or plural trace
bl ocks forbuidtim ngemoment¥d; bycesisg a microcomputer address bus 111, a

microcomputer data bus 112, and a microcomputer control signal 113,

Referring to Figs. 2A and B, the case of not executing the trace
process of memory access history is described below.

First, in Fig. 2A, the signal processing apparatus 100 accepts
the access of the third memory access block 130 to the second built-in
mémory 190, or the access of the second memory access block 140 to the
second built-in memory 190, and the trace control block 170 does not
execute the trace process.

While the third memory access block 130 is sending out a
memory access request signal 133 and the seconci memory access block
140 is sending out a memory access request signal 141, both to the
second arbitration block 180, the second arbitration block 180 judges
the priority order of memory access requests, and sends back the
memory access acknowledgement signal meaning that the memory
access request signal is accepted, to the memory access block of the
higher priority order. 1In this case, the second arbitration block 180
sends back a memory access acknowledgement signal 134 to the third
memory access block 130 higher in the priority order of memory access
request. At this time, the second arbitration block 180 executes the
memory access request of the third memory access block 130 to the
second built-in memory 190 by using a memory control signal 181, a

memory address bus 182, and a memory data bus 183. When the

cont r ol



request signal for storing the access history of the nenories op.the basis
of the result of arbitration by said arbitration blocks in ot hi mA\QR/ZUUS
than the- nenory executing the requested access according to~ the nenory
access request signals fromsaid nmenory access bl ocks.
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acknowledgement signal 142. Afterwards, the same process as in the
case of the third memory aceress block 180 is executed.

In Fig..2B, the signal processing apparatus 100 accepts the
access of the first memory access block 120 to the first built-in memory
160, and the trace control block 170 does not executes the trace process.

While the first memory access block 120 is sending out the
memory access request signal 121 to the first arbitration block 150, the
first arbitration block 150 sends back a memory access
acknowledgement signal 122 to the first memory access block 120.

At this time, the first arbitration block 150 issues an
arbitration result sigmal 173, and issues data of an arbitration result
address bus 174 and an arbitration result data bus 175 to the trace
control block 170. And the trace control block 170 checks if such
information is matched with the initially set data so as to store the
access history. The trace control block 170 sets initially so as to store
the access history of the third memory access block 180 to the first
built-in memory 160, and therefore does not execute the trace process.
The first arbitration block 150 executes the memory access request of
the first memory access block 120 to the first built-in memory 160 by

using the memory control signal 151, memory address bus 152 and
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memory data bus 153, When the memory access request is
acknowledged, the first memory access block 120 withdraws the
memory z;ccess request signal 121.

Fig. 3 refers to a case in which the signal processing apparatus
100 accepts the access of the third memory access block 130 to the first
built-in memory 160 and the trace control block 170 executes the trace
process.

While the third memory access block 130 is sending out the
memory access request signal 131 to the first arbitration block 150, the
first arbitration block 150 sends back the memory access
acknowledgement signal 132 to the third memory access block 130.

At this time, too, the first arbitration block 150 issues an
arbitration result signal 173, and issues data of an arbi’tration result
address bus 174 and an arbitration result data bus 175 to the trgce
control block 170. And the first arbitration block 150 executes the
memory access request of the third memory access block 130 to the first
built-in memory 160 by using the memory control signal 151, memory
address bus 152 and memory data bus 153. The trace control block
170 checks if these pieces of information are matched with the initially
set data so as to store the access history. Since the trace control block
170 sets initially so as to store the access history of the third memory
access block 130 to the first built-in memory 160, coincidence of access
history is detected. Detecting the coincidence, the trace control block
170, in order to trace the access history, generates access history data

from the arbitration result signal 173 and both data of the arbitration
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including attribute information. And the trace control block 170
sends out a memory access request signal 171 for trace, address data to
the arbitration address bus 108 and data to the arbitration data bus
104. The second arbitration block 180, when accepting the request of
trace control block 170, sends back a memory access acknowledgement
signal 172 for trace to the trace control block 170. At this time, the
second arbitration block 180 executes the memory access request of the
trace control block 170 to the second built-in memory 190 by using the

memory control signal 181, memory address bus 182 and memory data
bus 183.

Repeating the same operation, thereafter, at every access of
the third memory access block 130 to the first built-in memory 160, the
trace control block 170 and the second arbitration block 180 execute the

trace process of the access history data to the second built-in memory

190. -

The explanation of this embodiment relates to an example of
trace process of access history data of one memory access block, but this
signal processing apparatus is also applicable to simultaneous trace
processing of plural memory access blocks which are related to one or

plural trace control blocks.

INDUSTRIAL APPLICABILITY
The signal processing apparatus of the invention does not

require any exclusive trace memory for access history data in the
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condition as when trace processing is not executed merely by addition
of a small control circuit, and therefore system fault occurrence can be
reproduced easily, and cause can be analyzed smoothly, and hence the
signal processing apparatus of the invention has an outstanding

industrial applicability.
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CLAIMS
A signal processing apparatus comprising:
plural memories provided in an LSI,
plural memory access blocks for accessing the plural
memories,
plural arbitration blocks for arbitrating the access right of
each memory by receiving each memory access request signal issued
_ from said memory access blocks, and accessing each memory, and
one or plural trace control blocks for issuing a memory access
request signal for storing the access history of the memories on the
basis of the result of arbitration by said arbitration blocks in other

memory thanr the memory executing the requested access according to

the memory access request signals from said memory access blocks.



