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FI ELD OF THE | NVENTI ON The present invention relates to a signal processing
apparatus in which an LSI includes a nmenory. 10 BACKGROUND OF THE

I NVENTION I n prior art signal processing apparatuseamﬂ@

i nf or mati on,
such as data that appear in a bus acconpanyi ng syst Hﬂﬁmm@mmnin t he
event of a trouble of the system and addtess, is st n anal yzi ng
apparatus such as a logic analyzer, or a tracing nechani'sst~ is
i ncorporated in the systemsuch as described in Japanese Laid-Cpen Patent
Application No. Hei 6-187256. Wth recent advances in the sen1coPg£§{or
‘technol ogies, LSI's in which various functional blocks and neno $ave

been integrated on a |arge scal e gprarstdxmnchi p have been devel oped,;
however, it 20 is inpossible to connect an anal yzer as no nenory interface
signal is produced as an output from an LSIfchip I n thebFrior art signal

rocessin aratus _configuratiqn, thus suffering a pro ewﬂmlﬂ'mmmmm
gnabl e togol g?%allgﬁcoersﬁﬁppogpﬂﬁae ary for analysis of the
the evept of a trouble. Al so, incorporation of a tracing nechant®m:?25
inside an LSI will require a control circuit dedicated to trouble analysis
and a dedi ¢aESH OF AE IDNBNYION hus presenting a problemof an increase in
the LSI area and _cost. SUMVARY OF THE_ | NVENTI ON

The present invention relates to a signal processing apparatus

in which an LSI includes a memory.

10 BACKGROUND OF THE INVENTION

In prior art signal processing apparatuses, bus information,
such as data that appear in a bus accompanying system operation in
the event of a trouble of the system and address, is stored using
an analyzing apparatus such as a logic analyzer, or a tracing mechanism

15 is incorporated in the system such as described in Japanese Laid-Open
Patent Application No. Hei 6-187256.

With recent advances in the semiconductor technologies, LSI's
in which various functional blocks and memories have been integrated
on a large scale on a single chip have been developed; however, it

20 1s impossible to connect an analyzer as no memory interface signal
is produced as an output from an LSI chip in the prior art signal
processing apparatus configuration, thus suffering a problem of being
unable to obtain information necessary for analysis of the operation
in the event of a trouble. Also, incorporation of a tracing mechanism

25 inside an LSI will require a control circuit dedicated to trouble
analysis and a dedicated trace memory, thus presenting a problem of

an increase in the LSI area and cost.

SUMMARY OF THE INVENTION
30 To address the above problems, the signal processing apparatus

of the present invention wherein an LSI includes a memory and a



30 To address the above problens, the signal processing apparatus of the
present invention wherein an LSl includes a nenory and a 2 plurality of

bl ocks for accessing the nenory conprises a nediation block for nmediating
the right of using a nenory by inputting each mnenory use request signal
produced by a nenory access bl ock and nakes access to the nenory, and 5 a
trace control block for producing a nenn?y request signal for storing in
the nenory access history of the nmenory based on the result of nediation,
and has a quasi nediation function of nmediating, during a period in which
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exenpl ary enbodi rent of the present invention iI's a signal” processing
appar at us iim whechersoryl 8cchas laistemyr pfatite angnlomyabasyd @f thenpeyuhe eSS
bl ocks for making access to the nenory, which 20 conprises a nediation
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and which has a quasi medi ation 25 function of nediating, during a period
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medi ation QGQ:%Esiﬁisn%irl}ghgg pr[oq:v%gen approved, and sending back an approval
signal. It does not require a control circuit dedicated to trouble
analysis or a dedicated trace memory and is capable of preventing
an increase in LSI area and cost. The present invention provides a
15 signal processing apparatus in which trouble analysis in the event
of a trouble can be easily performed.

First exemplary embodiment of the present invention is a signal
processing apparatus in which an LSI has a memory and a plurality
of memory access blocks for making access to the memory, which

20 comprises a mediation block for mediating right of use of the memory
by inputting each memory use request signal produced by a memory access
block, and a trace control block for producing as an output a memory
request signal for storing in the memory access history of the memory
based on the result of mediation, and which has a quasi mediation

25 function of mediating, during a period in which a memory request signal
for writing access history in the mediation block is being approved,
assuming that a memory request signal from other memory access block
for writing access history has not been approved and sending back
an approval signal. It haé a function in which a trace control block

30 traces memory access history in the memory based on the result of

mediation by the mediation block.



assum ng that a nmenory request signal fromother nenory access block for
writing access history has not been approved and sendi ng back an approval
signal. It has a function in which a trace control block. 30 traces nenory
access history in the nmenory based on the result of mnediation by the

medi ati on bl ock. 3 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is an

el ectrical block diagramof an exenplary3enbodinent of the signal
processi ng apparatus in accordance with the present 5 invention.
DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS Referring to Fig. 1, a description
of an exenpl ary enbodi nent of the signal processing apparatus of the
"present invention will be 10 given in the followng. In Fig. 1, a signal

pr ocessi ng paRPRAT i stRIPAQoNSor X mahlvyngsontrol l ed by a m croconputer 110.
The signal processing apparatus 100 has in it a menory access bl ock A 120,

a nmenory access BligeRk B anglectnicad ioak §iaaraeset ah exrmplaryenbediment
reading or witing, an _15 internal nenor Il ation k 150 for .
nedi ati ng PFgﬁPeo?qlg‘l?&epBPC?W%ﬁﬁpﬁrﬁgﬁd%ﬁcﬁoﬁg RS %g‘egﬁ r RO from
each of gt hg, BRPPLY. access bl ock A 120, nenory access block B 130, and
menory access bl ock C 140 and for nmaking access to the internal nenory

160, and a trace control block 170 for making control for storing nenory

access 20 historé in the internal neno&g 160 based on the results of
medi ati on DEECREBTHIMOF FHE BREFFRREPoEMBABBIENTS| de t he nedi ation bl ock 150

and the medi at'%@ RLock Jt%gi‘ ncgog waegawga%n%fwgﬁé@waﬁﬁwm@f

t he present exenp ary e a nore concrete separa e
descripti ot 2he Wilgnabepicessing dfparhehl i ffefl pfesRathintedtionC@SES baf (1)

an access
10 given in the following.
In Fig. 1, a signal processing apparatus 100 is externally
controlled by a microcomputer 110. The signal processing apparatus
100 has in it a memory access block A 120, a memory access block B
130, and a memory access block C 140 all for reading or writing an
15 internal memory 160, a mediation block 150 for mediating right of
use of the memory based on a memory access request from each of the
memory access block A 120, memory access block B 130, and memory access
block C 140 and for making access to the internal memory 160, and
a trace control block 170 for making control for storing memory access
20 history in the internal memory 160 based on the results of mediation
of the quasi mediation block 180 inside the mediation block 150 and
the mediation block 150.
For the purpose of explaining operation of the present
exemplary embodiment in a more concrete way, a separate description
25 will be given in the following for each of the cases of (1) an access
from other than the memory access block C 140 is accepted when storing
access history of the memory access block C 140, (2) an access by
the memory access block C 140 is accepted and tracing function is
being executed, and (3) the qguasi mediation block is in operation
30 while an access by the memory access block C 140 is accepted and tracing

function is being executed. Here, access history includes name of



fromother than the nenory access block C 140 is accepted when storing
access history of the nenory access bl ock C 140, (2) an access by the
menory access block C 140 is accepted and tracing function is being
executed, and (3) the quasi nediation block is in operation 30 while an
access by the nenory access block C 140 js accepted and tracing function
I s being executed. Here, access historyﬁ ncl udes nanme of 4 the access

bl ock, type of access, nenory address, and nenory data. Al so, in each of
t ke above cases, the order of priority of accepting a nenory use request
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bl ock C 140 is accepted when storing access history of the nenory access
bl ock C 14addidiem, {ibhdsmessunedtbas anbiroididiald 4€0ting bas deeryg made so rabatr y
use request 15 signal (including property information) 121 and the nenory
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access block with a higher order of priority, indicating that a nmenory use
requestO sj ghal migreaseprtaEcked. In this case, the nediation block 150

sends back a mam%%e%%.% #ﬂﬁ{,"é{"desﬁkﬂﬁﬂo&%u be given on the case in which

an access from other than the memory access block C 140 is accepted
when storing access history of the memory access block C 140. When

the memory access block A 120 is sending out a memory use request

15 signal (including property information) 121 and the memory access
block B 130 is sending out a memory use request signal (including
property information) 131 both to the mediation block 150, the
mediation block 150 identifies the order of priority of accepting

the memory use requests and sends back a memory use approval signal

20 to the memory access block with a higher order of priority, indicating
that a memory use request signal has been accepted. In this case,

the mediation block 150 sends back a memory use approval signal 122

to the memory access block A 120 with a higher order of priority of
accepting a memory use request signal and produces a result-of-

25 mediation signal (including property information) 173, result-
of-mediation address bus 174, and result-of-mediation data bus 175.

In the trace control block 170, confirmation is made as to

whether the information based on the result of mediation agrees with

the data which have been set to store access history; here, as the

30 initial setting has been made to store access history of the memory

access block C 140 in the trace control block 170, no agreement is



to the nenory -access block A 120 with a higher order of priority of
accepting a nenory use request signal and produces a result-of 25 nediation
signal (including property information) 173, result- of-nediation address
bus 174, and result-of-nediation data bus 175. |In the trace control block
170, confirmation is nade as to whether the information based on the result
of nediation agrees with the data whict have been set to store access

hi story; here, as the 30 initial setting has been made to store access
hi-story of the menory access block C 140 in the trace control block 170, no

~agr eenent %?ggﬁnﬁggqr%ggn§;ég%*é}fggeggi'é¥1é£%cﬂggd?xecuted. Al so, the

nmedi ati on execu requested access “of the nenory access
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" menory address bus 152, and nenory data 5 bus 153. After the nenory access
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the nmenory use request signal , the nedjation bl ock 150 accepts a
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executing tracing function upon “acceptance of an access reques
menory accehichlhadkbézrnl 40ceptéd, hasdethdirben .théhmemddyeuse megyeat ceigmall ock
C 140 is sending out a nmenory use request signal 141 to the nediation

bl ock 150, 12he FRAIMEALSHIOMPARRK [0 AECRRES: 2 FRAVRstyES! thE MERETYRspS
bl A ' | d
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executes the requested accessS~o ry a

i nternal nmgARiYyad Gdberdzibf.a menory control signal 151, nenory address bus
152, and nenory data bus 153. In this case, simlarly to what has been
descri B@d above, Nexhe @i anegatipacief]sereautdnguitnaginge fung&éor ompodl

bllock 170 E%licceptance of an access request by the memory access block C 140 will

be described. When the memory access block C 140 is sending out a
memory use request signal 141 to the mediation block 150, the mediation
block 150 accepts the request of the memory access block C 140, sends

15 Dback a memory use approval signal 142, and executes the requested
access of the memory access block C 140 on the internal memory 160
using a memory control signal 151, memory address bus 152, and memory
databus 153. 1In this case, similarly towhat has been described above,
the mediation block 150 puts out to the trace control block 170 a

20 result-of-mediation signal 173, result-of-mediation address bus 174,
and result-of-mediation data bus 175, and executes the requested
access of the memory access block C 140 on the internal memory 160
using a memory control signal 151, memory address bus 152 and memory
data bus 153. _

25 In the trace control block 170, confirmation is made as to
whether the result-of-mediation signal 173, result-of-mediation
address bus 174, and result-of-mediation data bus 175 agree with the
data that have been set to store access history. Here, agreement is
detected as fhe memory access block C 140 has been set, the trace

30 control block 170 which has detected agreement generates access

history data based on the result-of-mediation signal 173,



20 result-of -medi ation signal 173, result-of -mediation address bus 174,
and result-of-nediation data bus 175, and executes the requested access of
the nenory access block C 140 on the internal nmenory 160 wusing a nmenory
control signal 151, nmenory address bus 152 and nenory data bus 153. 25 In
the trace control block 170, confirmation is nmade as to whether the

resul t-of -nmedi ation signal 173, result-®f-nediation address bus 174, and
result-of-mediation data bus 175 agree with the data that have been set to
store access history. Here, agreenent is detected as the nmenory access

bl ock C 140 has been set, the trace 30 control _block 170 which h det ect ed
agreement §efetenafsmediation RAdrssy B 4 BasBhd T HE §UF%£ ?*4%28P§?$gne

signal 173p,8 {A3UbhaOledibatl Shaiildyoase Maullt. oAb esb! tolrigaghat i on

data bus and sends out a menory use request signal for tracingi7l,
data bus faataesliaitfiognmd@Patidnd 18d(r &sd dadrebsrbuedicat imeiaOion ti®1,akbow
tracing of access history. After the nenory access block C5 140 of- which
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nedi ati on RhaGkemb?d: udd)@Bqde FEMAGHaUSENCRHHESy Probertyaaisgmbeosh ) ha1trace
control block 170 is accepted, a nmenory use 10 approval signal for tracing

172 is senta Mﬁwqmummmitﬁqn trétﬂi@@k”ll?@_,S enfidreddocsrearediatden of
e o SaL oLk b el AR RS 3D, 8 S T O "0
153. Lastl xraaiﬁﬁsgohp&hmf@ael cBRt PR 188k 1R GaSEcOipaREr Al héhoryl asaf the
guasi nedi ation block 180 during the period tracing function 1is being
perforned aporoesal eyilgnatefof trweiagct?z iof sent beokrio ddheesgace control
block 170, and requested access of the trace control block 170 is
executed on the internal memory 160 using the memory control signal
151, memory address bus 152, and memory data bus 153.
Lastly, a description will be made on the case of operation
15 of the quasi mediation block 180 during the period tracing function
is being performed upon acceptance of the access of the memory access
block C 140. When the memory access block C 140 is sending out a memory
use request signal 141 to the mediation block 150, the mediation block
150 accepts the request of the memory access block C 140 and sends
20 Dback a memory use approval signal 142. In this case, similarly to
what has been described above, the mediation block 150 puts out to
the trace control block 170 é result-of-mediation signal 173,
result-of-mediation address bus 174, and result-of-mediation data
bus 175 and executes a requested access on the internal memory 160
25 using a memory control signal 151, memory address bus 152 _and memory
data bus 153.

In the trace control block 170, confirmation is made as to
whether the result-of-mediation signal 173, result-of-mediation
address bus 174, and result-of-mediation data bus 175 agree with the

30 data that have been set to store access history. Here, agreement is

detected as the memory access block C 140 has been set, the trace



bl ock C 140. When the nmenory access block C 140 is sending out a nenory

use request signal 141 to the nediation block 150, the nediation block 150
accepts the request of the nenory access bl ock C 140 and sends 20 back a
menory use approval signal 142. In this case, simlarly to what has been
descri bed above, the nediation block 150 puts out to the trace control
block 170 a resul t-of-nmedi ati on signal 173, result-of-nediation address
bus 174, and result-of-nediation data bus 175 and executes a requested
access on the internal nmenory 160 25 using a nenory control signal 151,

menory addr bus, 15 nory . data, bu 53. In the trace control block
170, confi rcﬁé'?’f'% ?gocp%%giﬁagﬁ}lﬁl}‘ RRE: quife?ﬁ%&r%%{ﬁef“-eﬁ:- %BFE‘EF% LFHira

173, resul h;l@f:of‘%dlé’éﬁé)n badddr ess b@ﬁe17r‘bsu§@dofer§éﬁi:[a‘t9.t)hneg!i.§%épn gdaf,a bus
~ 175 agree with the 30 data that have been set to store access history.

Here, agreewspltiof-mbdiadtion addndss beaDlY4 acndssebhbiciofCribdQabasn hisia set
the trace control block 170 which has detected agreenent generates access

history dat¥Spbhbed 3t PPRAT Q8GI 3 MSMOKE SR TEAUSS yfdionaafor tracing 171,
resul t-of - WiaabhONEAAGATARUP 1ho?, ARG EEUYS! pAL - FEAA1AR14R! o1 DYS, 175,

and sends out a nenory use request signal for tracing ata bus for
medi at i on B02pwatrhaiddy efsaboesd dristedyati on 101, to allow tracing of

access history. After the nmenory access block C 140 of which the nmenory use
request had been®&BPF otk MEASTV 2¢RASEMPLORE Grelidy pf il fhesmemognalse 141,
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priori tc\)/ of acceptance is accepted and a nenory use appr oval signal for
traci ndV 17 2spsreqyrsthgdnaiildlhiaget meeradn inothe meddatbee blvcks§0emIn
operation dyii AgalAUS180k 2 EES S MeghoLY of the trace control block 170
with a higher order of priority of acceptance is accepted and a memory
use approval signal for tracing 172 is sent back. At this time, in
order to make the system operation during tracing of access history
15 data the same as the system operation while access history data are
not being traced, the quasi mediation block 180 accepts a memory use
request signal 121 on behalf of the mediation block 150 and sends
back a memory use approval signal 122 to the memory access block A
120. At this time, the mediation block 150 writes access history data
20 in the internal memory 160 by using the memory control signal 151,
memory address bus 152, and memory data bus 153, and does not take
any requesting action for the memory access block A 120 on the internal
memory 160.
By repeating the above described operation, tracing of access
25 history data is subsequently performed each time an access by the
memory access block C 140 is made. However, for a memory use request
signal taking place during tracing operation, only a memory use
approval signal by the quasi mediation block 180 is sent back and
no action is taken on the internal memory 160.
30 - As has been described above, with the signal processing

apparatus of the present exemplary embodiment, information necessary



15 data the same as the system operation while access history data are not
being traced, the quasi nediation block 180 accepts a nenory use request
signal 121 on behalf of the nediation block 150 and sends back a nenory
use approval signal 122 to the nenory access block A 120. At this tine,
the mediation block 150 wites access history data 20 in the internal
menory 160 by using the nenory control s®gnal 151, nenory address bus 152,
and nmenory data bus 153, and does not take any requesting action for the
menory access bl ock A 120 on the internal nmenory 160. By repeating the
above descr 0, I i 0, i i .
subsequentF§9§g¥?%ﬁ%ﬁgflgggagégﬁgﬂgﬁﬁgéggggﬁ%?tﬁﬁ%gt%é§%¥3q%%§g§§bEﬁ%ﬁﬁ? C
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tracing operation, only a nenory use approval signal by the quasi
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trace control block 170 by tracing the necessary access history ata in
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Menory access bl ock A 120, menory access block B 130, 5 and nenory access
bl ock” C 148"Rak®$fccess, and the reproduction of trouble occurrence is

easily made, thug,epgdl] - | . : abQ
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bl ocks is al so possible. | NDUSTRI AL APPLI CATI ON
10 than one memory access blocks is also possible.

INDUSTRIAL APPLICATION
As has been described above, with the signal processing
apparatus of the present invention in which a memory is contained
15 in an LSI, in the event of a trouble, an advantageous effect of easy
reproduction of trouble occurrence and smooth analysis of the cause
is provided by adding a small size control circuit such as a trace
control block by being able to obtain information necessary for
operational analysis under the same conditions as no tracing is being
20 performed without incorporating in the systema trace memory dedicated
to access history data, and without increasing the load of the memory

bus.



As has been described above, with the signal.processing apparatus of the
present invention in which a nenory is contained 15 in an LSI, in the
event of a trouble, an advantageous effect of easy reproduction of trouble
occurrence and snmooth analysis of the cause is provided by adding a snal
size control circuit such as a trace control block by being able to obtain
informati on necessary for operational analysis under the sane conditions
as no tracing is being 20 perfornmed without incorporating in the systema
trace nenory dedicated to access history data, and w thout increasing the
| oad of the nenory bus. 9 CLAIMS 1. A signal processing apparatus in
“which an LSl includes a memory and a gfd¥@Sity of menmory access bIocks for

maki ng access to t he r ar COIMLi S Iock for
mediating 5 ri g Xl :@ éréé'egs 3‘% ngég ?tﬁlgsnﬁﬁ'e?'éf‘%‘e nﬁ‘g#re

request si ﬂéﬂbr}ﬂra(hduéﬁﬂ.dﬁél&@y%ﬂhﬂﬁlaﬁtdbc@%snm% asfmﬂbog&&@@of or
maki ng access to the nenory, and a trace control block for producing a

menory r e§hediemoirgntite fa@pasabw egmphés fegrer yedivwison hl@tlolfprimedﬂaemgnor'y
based on the %e glt of nedlat dg#n sai d apparatus has a quasi
mod at bn FUREE PHTeBPTBEBP I ARG R A AR G oR U o SRt Rana
memory r quegauééd;rw shed glmfaﬂ&yasf EhéindtyS hBEY 55 SoRIKLD pRACES! ‘ﬂgkﬁ.hg sai d
- medi ation bl ock assum ng t no frenory usé request signal fromo
menory accasseds tokhelmandimenand aciptaes, cartt-odebakyf i podacimpa meweky
si gnal .
g request signal for storing the memory access history in the memory
based on the result of mediation, wherein said apparatus has a quasi
10 mediation function of performing mediation during a period in which
a memory request signal for writing access history is being accepted
in said mediation block assuming that no memory use request signal
from other memory access blocks has been accepted, and sending back

an approval signal.



