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CONTROL METHOD AND CONTROL DEW GROUND OF THE | NVENTION Field of the
I nvention The present invention relates to an agpg[%w_m g?tlhod for
controlling a direct nmenory access (DVA) transfer, and nore particularly to
an apparatus and nethod for controlling a nmenory- to menory DMA transfer.
Description of Related Art FIGS. 9(a) to 9(d) are schematic diagramof a
menory-t o- menor DVA transfer performed between nenory areas in a main
nmenory. |BMA NSrEEB@h@RQEtME’HE@MNDQQETMh%EW@Ed), a central
processing unit (CPU) 70, a cache unit 72, a main nenory 90 and a DVA,
controller 82 are connected to a system bus 80. The cache unit 72 is
connected between the CPU 70 and the system bus 80 and contains a ta
and a RACKOROUNBPOF{THE INVENTRI@GNory fox tenporaril mm\wmmm IMMEH of
data stored in the main nenory 90, and the tag ?4 is a ring
addr esFieddaff thhdnstahtiont ored i n the cache 76. The CPU ?0 accessss t he cache
76 when the cache 76 stores a target data, while it accesses the main
menory 90 VBlespidrentdntention delatestd antapparatus awd getthddfer The nain nmenory
90 is a sem conductor nmenory such as a dynam c random access nenory (RAM.
The DMBnemllingld éireSmpeidryratkess (DM transfornand nmbre partieakirly bet ween
menory areas in the main # 2/ 2 1 JP9-2000- 0383- JP1 nenory 90 wit hout

i nt er venid @p¥£>m1:hb%rﬂ°hiemod ford@inmrdllingsd aenb@iyweermehwry®MAy ar eas nmeans
a data transter froma source nenory location to a destination nenory

| ocat iteansfert he main nenory 90, as shown in FIGS. 9(a) to 9(d). A data
transfer using the DVA controller 82 (hereinafter referred to as DVA data
transfer) and processing in the CPU 70 can be perforned in parallel. For
exanpl e, when a plurality of instructions or instruction groups use the
samre dBéscriptiogofRelatatiArts not directly used, but a copy of original data
is used in many cases. In the DVA transfer) data is transferred on a data
bl ock basi sFIGH Hxhtpd&l) aireacHeaivaticl diagram ofmomemoryFtdaméfpay. A data

bl ock DB conpri ses data DATAl, DATA2, DATA3) DATA4) DATAS, DATA6, DATA7,
and DAYNBA trarssder performed betweeh imerdolpareny imdsl nesinamebty., IAR2' , AD3')
AD4', AD5', AD6', AD7' and AD8' in the main nmenory 90. The data DATA1L,
DATA2)d 434 AD ce 3t @By s todd Abow AR/ GOAA o 9(d), DédrTahprocessingd t o
destination nenory | ocations having addresses ADl1) AD2, AD3, AD4, ADS, AD6,
AD7 anghiADBPU) 10 e cadhie witt2y a%flain memory 90 and a DMA controller 82

are connected to a system bus 80.

The cache unit 72 is connected between the CPU 70 and the system
bus 80 and contains a tag 74 and a cache 76. The cache 76 is a memory for
temporarily storing a part of data stored in the main memory 90, and the
tag 74 is a memory for storing addresses of the data stored in the cache 76.
The CPU 70 accesses the cache 76 when the cache 76 stores a target data,
while it accesses the main memory 90 when the cache 76 does not store the
target data.

The main memory 90 is a semiconductor memory such as a dynamic
random access memory (RAM). The DMA controller 82 performs a

memory-to-memory data transfer between memory areas in the main
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As shown in FIG 9(a), the DVA controller 82 contains a register 84
hereinafter referred to as transfer counter 84) for o] n er of
DMVA-untransferred data and a regi ster 86 (herei naftegﬁbéégaaé@?f%"‘ﬁg)
transfer address 86) for storing an address of data under DVA transfer. In
the case of the data block DB shown in FIG 10(a), the transfer counter 84
stores the nunber of data "8" as an initial value. The DVA controller 82

reduces a pahié@y 0 witholt ael@6n€ion byethe83PUNE).DYA daea evaisfet beBvdédie DVA
transfer is conpleted. 2 JP9- 2000- 0383-JP1 The transfer address 86

stores an wddhemdrPfardas QiR JBAT MranREa from 286ufR xﬁdﬂmgao@ia@ to
destination nenory |location. In the case of a data block shown in FIG

10(a)) an pddigsstidPheRbrPloratiofsin! iHedhhf nfidoANIA Y Sissw AR FIGR
destination |ocation are stored as an initial value. The DVA controller 82

updat es ads{pPes 9&1)0T ASRHEGRa ANy SR BN DMA! RRBIIRIBEURIYidd e t he DVA
transfer is conpleted. FIG 10(b) 1s a schematic diagram of a DVA data

transfer gfelheqdatd Mhaa?»tﬁ'rig@é})tm?x@eé&ﬁg ih tREOUEReart e transfer

counter 84 and the transfer a sses 86 are updated and DATAl to DATAS axe
transferr e I pifher. When the DVA transfer of DATAB is conpl et ed,
t he val ueeé:)lafI the traﬁzéI er counter becones "0" (not shown) and thus the DVA

| ndi cates t hat o SUUTRES AP A DLERTRY e uph g i e il dCC or
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As shown in FIG. 9(a), the DMA controller 82 contains a register 84
(hereinafter referred to as transfer counter 84) for storing the number of
DMA -untransferred data and a register 86 (hereinafter referred to as
transfer address 86) for storing an address of data under DMA transfer. In
the case of the data block DB shown in FIG. 10(a), the transfer counter 84
stores the number of data "8" as an initial value. The DMA controller 82
reduces a value of the transfer counter 84 one by one every time the DMA

transfer is completed.



An object of the present invention is to allow the CPU to access data under

BVA transfer to thereby reduce latency tine of the %%@%S%B(EJW

transfer. SUVMMARY OF THE | NVENTI ON A net hod of cont

menory-to-nmenory DVA transfer according to the present invention conprises
the steps of: detecting a CPU request for access to data which is included
in a data bl ock being DVA-transferred and allowng the CPU to access the

request ed dat aThe tpagéfer addeeds086 BorbbAnt gdlieseof ynrdarcexmeasiyon. An
apparatus for controlling a DVA transfer according to the present invention

conpri sesjodaEdMSah®andRideetd Ha deSiiHati@aURE MOk PloRETIRES Thahdatade Wifiach i s
included in a data bl ock being DVA-transferred and neans for allow ng the

CPU to acggesbidek JHRAHES FIGIADG) AnRIdr8sSADA' bPaldoarddMdchtiBRSIRl afnder
execution. In the present invention, CPU can access the requested data

bef ore DVMAqHFARSADA dfS &&‘m{afti&gloch%ﬁrﬁ‘e%%&é?f adBRLARaOvalvel THE
requested data 4 JP9- 2000- 0383-JP1 has been DMA-transferred. Therefore)

time cons d F
hescrs 11 R e RR Rl dRRR o SABARA B e o e B . o

transfer EQQXBRJJEHMWW% ﬁsog@};lb%édl n a nmain menory according to the

present invention. FlIG 1(a) shows an” exanpl e of a system configuration,

FI'G  1(b) showgya fbhayy i9fa sih@nRtid Hfasgiigfsﬁ gﬁgpmom 2 %sferr Blgrdatgl G

1§]c) sho:c/vs a flow of "an access reque F G l(d)d
feaﬂifsf‘edbﬁd“k"fﬁﬁ PR R Bt B BB P R B s
conpl et i ot P FRABHIRIRY Ho e Miaten al IRARN GONTALS B BeBerr®d, o
flowof daha whlcldifel ewr?%{ﬁrﬂe BrANga 0 bPD2PRESS ca&gp¢t%ds froma

cache or e nmal n nenory tO OWs an exa a pr ocedure

For contt gLl gh AheRYRnbEANS (Bl Aala 12al: BRI Ahe FE eyl er shown

in FIG 1 OWs  an exa rocedure transferring a

data bl ock DRy {1z B¢R 51908 TR §Eor§BPe‘%”e‘d' ”In':i?ﬁ} 16&); "AD'1-AD1"

indicates that an address of a source location is AD'1 and an address of a
destination location is AD1.

The CPU cannot access data under DMA transfer until all the DMA
transfers are completed. FIG. 11 shows an example of a procedure by
which the CPU 70 accesses data stored in a destination memory location.
As shown in FIG. 9(b), when the CPU 70 requests access to data stored at
the destination memory location (S162) after the start-up of the DMA
transfer of the data block DB (S160), the DMA transfer is preferentially
continued (5163). When the DMA transfer of the data block DB is
completed (S164), the DMA controller 82 sends an interrupt signal INT to
notify the CPU 70 of the completion of the DMA transfer (S166), as shown

in FIG. 9(c). Thus, after the completion of the DMA transfer of the data



FIGS. *5(a) to 5(d) show another enbodi mrent of a DVA transfer control

bet ween nenory locations in a main nmenory accordi ng t r t
invention. FIG 5(a) shows an exanple of a system co‘iﬁﬁ)gg&%&(ﬁfﬁ%n‘r—;lpé 5(b)
shows a flow of an access request signal froma CPU during the DVA
transfer, and FIG 5(c) shows that an address signal of the data 5

JP9- 2000- 0383-JP1 requested by the CPU transfers froma DVA hit detector to

the DVA conédloDIB: thetEPUay (Dbdh Atdesk $heletoedfethedaidaldtGheddbtititos a flow
of signal sent by the DVA controller for requesting the CPUto retry access

to the reqy@sicd(SHe),; afbkowia)FRN@E).a fl ow of signal issued by the DVA
controller to instruct the main nenory to DMA-transfer the requested data

by tenporarily pusienhiRIadshews Al FIANE1ERIMER tRe CTANE 00Fe RS ARIEREY When
a retry of access to the requested data i's requested as shown in FIG 5(d),

e e R e e P
request ed st A8 oEL G SN ENENELE LM By WA LAUREd ate! o ¢ he

cache or maih nenory to t I's not detecte |G 7

oo PR EUBUCEFNR QRGPS S BTN B O
enmbodi ”E“tsféf&, %gl%r%c{]g'i‘%iﬁr s‘i{?&t 0l Cm ‘?@%Epg\‘éﬁg%e)skgﬁétﬁﬂ@%ﬁ dudnf®! N

nenory accor resent 1 nven n. ows an exanpfe of a

system COQE% I t t)l%%tsﬁéeij mﬁ(ﬁAﬁgoﬁqu%%wﬁf%C&g?%%ﬁﬁ{'56'1nSf erred data

sent to a contr ows a flow of data

iher et b DU T et B AR S5 Rt N B gpachinr 1

conventi onal ransfer control . FlG 9(a) shows @an Of system
confi guratulnéir??% 9Mersﬁ?o%1§b¥ F%‘é]\‘llcgflaé? Cﬁ'a‘fl eo?fatglgﬁ??gﬂilgﬁglgé

transfer,r@g(%‘C | G e9r(c) shows a flow of signal froma DVA controller to a
CPU to an aPﬁg 6 JP9- 2000- 0383- JP1 conpl etion of the DVA transfer,

and FIG 9(d) shows access between the CPU and a cache or main nenory. FIG
10(a) shows an exanple of a data block to be DVA-transferred, and FI G

ranttor SRYBR o 1P ARV TIORET B3 slate of each datar

A method of controlling a memory-to-memory DMA transfer

according to the present invention comprisesthe steps of:

detecting a CPU request for access to data which is included in a
data block being DMA -transferred; and allowing the CPU to access the
requested data in preference to the DMA transfer under execution.

An apparatus for controlling a DMA transfer according to the
present invention comprises: means for detecting a CPU request for access
to data which is included in a data block being DMA -transferred; and
means for allowing the CPU to access the requested data in preference to
the DMA transfer under execution.

In the present invention, CPU can access the requested data before

DMA transfer is completed, regardless of whether or not the requested data



FIG 11 shows an exanple of a procedure for controlling a DVA transfer by
the DVA controller showmn in FIG 9(a). FIG 12 shows f
procedure for performng a DVA transfer of a data bl é@%'géaﬁégﬁ)ﬂﬂﬁl
controller showmn in FIG 9(a). DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS
Next, an enbodi nent of a nmethod and apparatus for controlling a
menory-to-nmenory DVA transfer according to the present invention wll be

descri bed Wad Bedre DMANERHTerlrBE. TURBRRBYIiRE GRWNMKBin DMAheahofel oW ng
enbodi nents, a nenory-to-nenory DVA transfer is perfornmed between nmenory

areas in Hdmhibs"BAREYarenk t8 tH8iEPPr ocessi ng system shown in the draw ngs,
it is assuned that a CPU 70, cache unit 72, system bus 80 and mai n nenory

90 are simlar to conventional ones shown in FIG 9(a). In addition, it is
assuned that a data block DB to be transferred is also simlar to the

conventi Owh%EFtEEBt%:P{HW@FVI‘}fE@RAWH\)IG An apparatus 10 ( DVA

controlle or controlling a menory-to-nenory DVA transfer shown in FIGs.
1(a) to 1(d) acggiding) w%%hesveéﬁeh}udam%ma%ﬂga ks fé Mt
detector for detecting a request tor access to data at a destination

I ' ' A = - - . ta included
e dat o B sake AL Eb: Phledifork in o Briip B P e SR RE 1BE plledif B B0 1

f . i . : it t
reans o (EBAUGAS bt B dRuAceeERaife bERLSHIAS cBbBUAIGE AL en Bt
The DVA |.S] . i . ’ ted
pet ween t nAPER 56 2o MBS, bolf Bl e BRERTHRRsthE, KRG ORRIZC O ocr
whet h t - t is,
e SreSia P T SR ARl PR R PRSI EAAE b I
but h . - . troll 1 ds th
DV 1 anor ¥ an SRR sentet b ADHA Eonvadlie R DREN ¢8hofbe B Cquest e

data to the CPU 70. Lik nventional DVA controller ) the DVA controller
10 conpri s@gug%eﬂgbr%mer %gﬁ{lgll%%? 84 and a transfer address register 86. The

DVA hit detect K i nat i ddr. DVA: unt f d
oun T etk adz o,y gl Lo eSS SRR o1 20
f data to_ b th 70,0 5.t f dtp.th it 72
ohd the DNRCESATIETRE CRY DR BTtk 8L AL bl Lot BREBMA, oo’ o

dat t ed. by,t he CP. 0 I t f t t ed dat
Wih the doeRsREEnBN R IS oablohd BACLRR ! oRis Sy ehal NG ot cot 1 1
th i tch. th dqr. th d dat incid
wth one geinneredds: RS ERR BitdcaSs B0TE SRaf brokh f.ckbly BF 4B sBRKS oo "o
hit". Letting AD p‘dr@) denote the destination address in the transfer
addr ess rerBFg’toéy tgg &5 Phe count in the transfer counter 84 at the time of

occurrence of access 8 JP9- 2000- 0383-JP1 request, r ctively, and
Abenu Gonot o t HE G RESES 3 srarlp Pl BIRACRES F<oEBR P RESRMRL otcur s
when (AD )<(A ADi +Gi It IS e not t hat the o] dat a
addregses)fir%n? g%?&ﬁ&l@%@@r%?’% @Mtcgp%gggﬁrsgmgvé’q’d’eﬁﬂ}aﬂ(a)men a DVA
hit i det ect it t hat t f f .t ted data i t
Corl et eq.  The THk £EREVS APcRterable, A FERERSAHE BROMATIRBHEOTINR Bt o bl ock
the com: dHitaplaft BB BiRe B fttrah Sl et eI G o The D o
controller 10 f rds, th equest ed,data fromthe,s e location to the
CPU 70. Then, tﬁ@gég%)etr?dg@ Wi a0gther prhodiment of a M%F’@ ¥hce to the
transfer count rb[e§4 and the t agg.f er ,address 86. Wien a . DMA hit is not

det ect ed) Q7 WRSR &ReOTY IRCationsdBidada e RAEY AFFAL4IRE BEEH conpl et ed.

In that case, the CPU 70 % ess the requested data even, when.a DVA

transfer direseRfainyeptivek ﬁﬁ& géi %@&?%ﬁﬁﬁﬁ@c@ﬂo aisysters cepfigrprtieResses

t he cache 76, or ikgﬁ mai n_nmengry 90 t hrough the ci Chee?lsj&? 72 to qQbtain the
&

request ed &t (bhshews adflow of @mceass Kraiest signa dyringtiger DVA

wi t hout waiting for conpletion of DVA transfer regardl ess of whether DVA
hit is detlRMAtransferp@and FIG. 5(c) shows that an address signal of the data



Next, a DVA transfer control using such DVA controller 10 wll be

described. FIG 3 shows an exanple of a procedure fo o) ol l.ing DIVA
transfer. It is assunmed that after the DVA controll équOi@%m@%éJ%l@A

transfer of a data blocks shown in FIG 1(b) (S160), the CPU 70 requests
access to data (S162). Then an address ADn of the requested data DATAn 9
JP9- 2000-0383-JP1 is sent fromthe CPU 70 to the DVA controller 10 and the

cache uni keqifestdd byNBWCPU frhisfols Elom lanDME HMAefeRbdy € iRy DMA the DVA hit
detector 12 checks if the DVA hit is detected (S110). When a DVA hit is

det ect ed, chhgoIMAWIRAM 4 DNIAr hitQs AdeRLEESad D FTOMB(A) Avw L4 Rk bhsighal a bl ock

under execution (S112), and perforns a DVA transfer of the requested data

(S114)) agestByRhé DMAGontiQler 0068 Re MY BhE GHU 464865 sbce bt EMA

8
controller 10 uses the system bus pﬂe?er entially. After the conpletion of
the DVA transie 4 he requested data, the controller 10 forwards the
request ed %@?a %%%Kn) fromthe source location of the nmain nmenory 90 to

the CPU 70 <Sl§r§é;\.,@%a)%}&>m£ oS 6t i) iRty DEEARBRLNE, gyspended DA

transfer (S124 en a hit I's Ao etec controller 10

d f ' in FIG
20yt e RO RERAR st PMRC R iRhdRi i 4B BVONS (i
menory 90térﬁ§8i~hqfi‘13{%lgsp%%ﬁﬁ&g%ﬁ%s%,tﬁ?%-to%f ¢ gga}%gme%w of access

to the data frequée he contro resumnes "t he

ded f - - i ncl uded
he e o 5005 el O ARREST o LA Bl DR 4 b s e e
[ |t ti U 70 0f t | et.i f S166) .
For " xanpP R0 5% KO oo v b BMER Ao e bV G A SRRE et o 1
tarted d t f f, DATAL .i 180)e, .. CPU 70
Cequest s Sinby 5 AR GRES; SR ane hang o BRI EA B ep bhds < he
DVA t f f th bl i 112 d f DVA
ranst or 66 FREsRA PR o B0 B hBRE 3oy R yehyBeb s MRer 1
t hat th I f the t t A d, the t f
L o2 Spnd Db Bl bt ARG B S Y i Aol oo

[ f t fer. Aft th ti f th t f f
The e e i SRR b B SR Esti0eBlind DR {3051
th h d fer. h ta bl ock DB (S124). W
Seri 5. of TNATE: BRLTErMAr B e s 8 FIC 68 et ed (Sle2, 184, S186,
S188) S190, S1 94),, th N 10 ' | .t tif
the CPU 70 of FRGSCBIBHErF SR PHU ENRbET sHOCGmRT oha 1IN ISR ( St66)
Wil e the DA£TA§ to DATA 8 are bei.ng DMA-transferred) the CPU 70 can perform
an oper at FYRFIEEPRY MMty lopatigns Iy 2 FpRE TERTYi cﬁf‘gngdio e DVA

T i O b
gnd >IZ/)I(\j/IA\ col r§ﬁ5 h.o“(ﬁh? woﬂék@gbmﬁ& Sgi"r?‘ﬁggg?ég%ﬂgozm%%ibgnt as t hus
orbod: menP s A Ec HERm RS it gt HRtS M eihe At or 22

cont rol | SRCGGHELTaRElEEs st seoreriin e [P Raira: h A Chath) secttr G286 1 hr ough
e st b, B D S 2 S B g el oo

controll er 20. Wen hit s detected, the DVA controller 20 causes the
CPU 70 t otyansisr %@é&%ﬂw >r 2B @xample of asysteBopfiguraiionocat i on.

The 11
© FIG. 9(b) shows a flow of signal for controlling a DMA transfer, and FIG.

9(c) shows a flow of signal from a DMA controller to a CPU to announce the



JP9- 2000- 0383-JP1 DVA controller 20 suspends the DVA transfer of a data

Rl ock under execution and DVA-transfers the requeste a ntilt CUP 70
re-accesses the requested data after it suspended acg'ggé'tzﬁgaf{)l%é%&iﬁl After
the CPU 70 accesses the DVA-transferred requested data, the DVA controller
20 resunes the suspended DVA transfer of the data block. FIG 7 shows an
exanpl e of a procedure for controlling a DVA transfer. As shown in FIG

5(b), whensonhsletiBl of Ghe GOMES tifarése andt PIGlad(d) shows drReddsigdtivean! theat i on
(S162) after the DVA controller 20 starts a DVA transfer of a data bl ock

(S160), anCRUHAgSS chlhe @f hAm HRM@st ed data DATAn is transferred fromthe
CPU 70 to the DVA hit detector 22 and the cache unit 72. T a DVA hit

detector 22 det®eptsi®aPhhoRklanidmpRf SLAs6 bRckhs Ve BIVEA efrat@fihed, 84 and
the transfer address 86 in the DMA controller 20. When the MA hit is

detected, 4herdet 80U shod st FAR[EHSa t%s@&dé&ﬁ&eﬁ%dgiosm@nﬁequest ed data
to the DVA controller 20 through the system bus 80 (S130), as shown in FIG

5(0). 1IN UlksEREN of B hRINESIRTeJOtPHSDRYR AL IOMRS b d £t dlR!dt eaBROC! Vi Ng

the address ADn fromthe detector 22, the DVA con roller 20 requests the
CPU 70 to yg8try access to the requested data ( 132)) as shown in FIG 5(d).
The CPU 70 tenporarily suspends access o the requested data, and after a

| apse of predeteran nethiddn SR, hEBIRE BRdifIGIIPBAEE dat e

VWil e the CPU Susp e access tot _

112) a5 sHaanerh BB e bR LR i K eTneror “of the roquested
et i o6 access T heha s dp i Rab e RocBlub o oo B A TR e
70 accessedbiRE P SRAINES £ T B TorRo Pty Lokt B JAGRRG) % uspendea

DVA transfer of the data block (S124). Wen all the data included in the
data block is DVA-transferred (S164), the DVA controller 20 sends a signal

t tif f j f f S 166). In FIG
7 when » BERGRPTIONQF IHEXREF B MBS P (oche 76 or the
[ 90 h t h it 72 h ' | G _.6(:¢).. In thi
Case, the bun JINEE P BEYSERIH futerhBa SRR SRR ot il by ook
d ti 113). Th t CPU 70 | et A

Fequest ed ey sprayemeny NAIEARLRS Sukori BR3P IR B EfuR BERRR IF, ¢

d 124) . in.th h in FlG 4,. the CPU 70
Fequost s Abcuser iy @eRss ot fe e RpAly Rty inBE TpdPEod (S160) and
the DVA t f f .DATAL i | et $180 f f th
s BUShEw ST € e A . RS et ™
DMVA-transf.erred) the CPU 70 can perform an operat,ion_using. the DATA7. The
Syst em sholi™PRRAPEIHOEY 2yeanil ARSI ed T 4 AAER DR e Belelor

i si CcPU h it.and DVA hj t As .sh in FILG 8 :
CorP LIyt SR P BRGNS D et
whi ch i t d DVA hit, is t il tored.in the buff 34,
S e TehCR 303800 RO BrL TRERELA P P PPl e aes (e
dat t i Nyt buf.f.er 34, .the 13 P9- 2000-Q383= hi t. det.ect
32 tr anst Ay ) gL 410 e g AEimpd £haF 24t PIOHLDER B0 et Ee
buf f 34 . th nb f t ts. Wil di t f
the. preserlt ATVSREt Rt Sabe arreaion 12 FaG doBE” tnder ot ood
that th i ti | i m th b nmbodi ts. F
exarpl .l ¢ hodharvagrey 4 DRk erytTea P8 AeRBATRRE fean memory areas. in
th [ h b d i bed ] hi ifi [ t h , t
| nvent i on TBETOKY £ -8R BB L0UA BaasHERBOYR Bl ALyiBr S tanlPetccabiineen any
hi gh- d i es, ected ta tem pus. Al in th
b hes araer s BreasConmted € SR el e B S 1
forwarded to the CPU froma source | ocation, the step, S114 in FlI 3 may be
onmtted. MeAyeshinyfesessiediatocat ¢ dastingtipn eWALY Mratvnnuhidhsmay,
applications can be made to the enbodi nents on the basis of know edge of
those skilled in the art wthout departing fromthe scope of the present
invention. 14  JP9-2000-0383-JP1 WHAT IS CLAIMED IS: (1) A nethod of

controlling a DVA (Direct Access Menory) controller to performa
menory-to-nmenory DVA transfer in a daté& processing




systemincluding a main nenory connected to a CPU (Central Processing Unit)

through a system bus) conprising the steps of: detectbhg ) st for
access to data included in a data bl ock being Dm-tr'gggf%(??@éag:ﬁ al’l owi ng

the CPU to access the requested data in preference to the DVA transfer
under execution. (2) The nethod according to claim1l1l, wherein said
detecting step conprises detecting whether the requested data has al ready
been DVA- tupdiasédbyethtannclotdednd sdath hldckvimipr DMA cemmférseTheaDMAst st ep
of allowing the CPU to access the requested data, if the requested data has
al ready beentiolBr ti0dfstebhe dsandans facdisy sigetheoCPELspan@dssghe he DVA
transfer to allow the CPU to access the requested data preferentially, if

t he requestgdestall @altaso betwhern AMhd dedtsietidetbeaeion n3prefbenrettbatie
according to claim?2, wherein said DVA controller conprises: a first

regi ster DVAshenishg dideransoatioal DNA-DNA anstirelléed0 dahpraditdg the
JP9- 2000- 0383-JP1 a second register fox' storing the address of data under

DVA t r ansfpaviAehid dedbétod di2ei6tcontesfedbetfidRhi theCPUOTPaRH RHetdyBtcal Brgss of
the requested data with an address of DMA-untransferred data obtained from

the first ggnd second registers to detect if there is a match. (4) The
nmet hod according to claim2 or 3, wherein said DVA

The DMA hit detector 12 detects whether or not the CPU requests
access to DMA -untransferred data, that is, data which is to be written at a
destination location accessed by the CPU but has not yet been
DMA -transferred. The DMA controller 10 suspends the DMA transfer
when a DMA hit is detected, and then forwards the requested data to the
dPU 70.

Like a conventional DMA controller, the DMA controller 10
comprises a transfer counter 84 and a transfer address register 86. The
DMA hit detector 12 can know destination addresses of
DMA -untransferred data from the transfer counter 84 and the transfer
address 86. The address of data to be accessed by the CPU 70 is
transferred to the cache unit 72 and the DMA controller 10. The DMA hit
detector 12 compares the address of data requested by the CPU 70
(hereinafter referred to as requested data) with the destination addresses
of the DMA -untransferred data to detect if there is a match. A case where
the address of the requested data coincides with one of the destination
addresses is hereinafter referred to as "DMA hit". Letting ADi and C;j
denote the destination address in the transfer address register 86 and the

count in the transfer counter 84 at the time of occurrence of a CPU access



controller is connected between the CPU and the system bus and sai d second

step conprises: causing the DVA controller to forwar 1 (o] e ata to
the CPU and resum ng the suspended DVA transfer. (5) qj'ﬁldg%r?@?hggggc%%?di ng

to claim2 or 3, wherein said DVA controller is connected to the CPU and
the main nenory through the system bus and said second step conprises:
requesting the CPU to retry access to the DMA-untransferred data suspendi ng
t he DVA t reaigfest, xesgectiesdgcand D epm Dhitoterthestddreshof datpesiuedtethba unti |
the CPU retries access to the data and resum ng the suspended DVA transfer
after the M@@%%&AthéoMstWthADd)edAﬂh:u@)<((Pﬂ)i-bﬂj§).adpass b bs for
controlling a nenory-to-nenory DVA transfer in a data processing system

i ncl udi ng aotwE thatehe hlododaechddrdseenirCEhé tinalighaddieys tregisbers§6 are
conprising: 16 JP9- 2000- 0383-JP1 neans for detecting a CPU request for
access to gjuentiudl uded in a data bl ock being DVA-transferred and neans for
allowing the CPU to access the requested data in preference to the DVA

transfer under WXemhiBDMA hit)is Heee@paitahosnatieay OMW tiangfbabfritle Wherein
sai d detecting neans includes neans for detecting that the requested data

T e T e ke
t he CPU t opagA&assnifbe oPRt-th Hedletth@er 8Récuition and performs a DMA

transfer of the requested data. After the completion of the DMA transfer

of the requested data, the DMA controller 10 forwards the requested data

from the source location to the CPU 70. Then, the suspended DMA

transfer is resumed with reference to the transfer counter 84 and the

transfer address 86.

When a DMA hit is not detected, a DMA transfer of the requested
data has already been completed. In that case, the CPU 70 can access the
requested data even when a DMA transfer of a data block has not been
completed yet. The CPU 70 accesses the cache 76 or the main memory 90
through the cache unit 72 to obtain the requested data. As a result, CPU
can access the requested data under DMA without waiting for completion
of DMA transfer regardless of whether DMA hit is detected or not.

Next, a DMA transfer control using such DMA controller 10 will be
described.

FIG. 3 shows an example of a procedure for controlling a DMA
transfer. It is assumed that after the DMA controller 10 starts a DMA

transfer of a data blocks shown in FIG. 1(b) (S160), the CPU 70 requests

access to data (S162). Then an address ADn of the requested data DATAn



(8) The apparatus according to claim7 further conprising: a first register
for storing the number of DVMA-untransferred data andjpgsegoncosspipier for
stori ng an address of data under DMA transfer, wherein said detecting neans
i ncl udes neans for conparing the address of t he requested data with an
address of DVA-untransferred data obtained fromthe first and second
registers to detect if there is a match. (9) The apparatus according to any
one of cl &b senbinom ghe WY §0tosthiedDNbA eentiraerndArandathe eadheviimid 1Peads are
connected between the CPU and the system bus. (10) The apparatus according
to any oneshofrcimFhe. 6(do By thehBMA reostifadleaetile the AMrAehitslatectovddect ed

bet ween the CPU and the system bus 17 JP9- 2000- 0383-JP1 and said all ow ng
means i s cbeoesifatietBMAbriCRdetnctedHE148).n menory through the system bus.
(11) The apparatus according to claim 10, wherein said detecting neans
conprises a bufWhenmeDdM4 Hibis dempterchrthbPMui\ocdntgolﬂételﬁlauapemiedteed as
DVA-untransferred data. (12) The apparatus according to any one of clains 6
to 11, whMitmnséohe thendaty bleck ander erecuteamé@hil 2)hendRidrfortng he syst em
bus. 18 .ALe. Al@Aa@ . A ;SI.Ayl. ANyY. Al . A, .AYf.A ;S A S A .A3(@AFf. A

'S. A @ A3(Dh@kY@\ﬂ‘dfe[1t dfitexeuested data (S114), as shown in FIG. 1(d). When a

z-v| w mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cRa] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] cd)iai hit] isaletedted] tied DM Aabastol Wy ZChdys (BE} syebed bild ca] ca] ca] ca] ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]
ca] ca] ca! Jvbfea¥Mially! | AfbER¥8M8Retion of the DMA transfer of the requested
"'}xsnid_Z]]ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calcal
ca] ca] ca] chltapfleataalelid:c b ¢avealdsahea'equedted(ddthKDATAn) from th@B3G3Y3{ 4l 6r
9w99: <>?} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
;:( g]xi: ;])& a] caliead ehtishedlthaarcakaa]9ad® el AWATBD FIRSEME)GH EhowaIASVVVINE VWAV
YMY} xsni d_@Iid. crthy; almeipledl eahendcalcalgrddal diahealstad (29a] ca] ca] ca] ca ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! MYy YYYZRZZZZ[ B[ F[ L[ [[\Mi\\\\?] G I]]
1AVAAR T} xsiWHekld DALA i€ & A6 &édeer]d; 3he DM@l @cﬁitﬁ@l]l@xaw ahspdedd £a] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal 9anmaaa( bj bnbbbBcc
cd DMA transfer of data under execution (S113). As shown in FIG. 2(b), the

dbddddee\ eeef } xsni d_Z]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢
al ca] ca] cajpp] rricAl S & 8 aaderaltnalcadhe M&abHATE Br Ghe mAdn me@edagd bj bnbbbB
cccd

dbddddee\ qgebyeis Phélcfdlahfal L 6d tid) Cah el Ghl €8 IgAd 6k %@h@@is@,&b%bca] cal ca] ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca+tvcDy#10%&

y#10%Z& ()daka 104Bedthd By RVERY ¢0; tH: cobi¥¥er(10 resumes the suspended
DMA transfer of the data block (S124).

When all the data included in the data block is transferred (S164),
the DMA controller 10 sends a signal to notify the CPU 70 of the
completion of the DMA transfer (S166).

For example, as shown in FIG. 4, it is assumed that after a DMA
transfer is started (8160) and a DMA transfer of DATA1 is completed
(5180), the CPU 70 requests access to DATA7 (S162). Then the DMA
controller 10 suspends the DMA transfer of the data block under execution

(S112) and performs a DMA transfer of the DATA7 preferentially (S120).

10
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After the completion of the DMA transfer of the DATA7, the DMA
controller 10 transfers the DATA7 to the CPU (S122) and then resumes the
suspended DMA transfer of the data block DB (S124). When a series of
DMA transfers of DATAs 2 to 8 are completed (S182, S184, S186, S188,

S190, S192 and S194), the DMA controller 10 sends a signal to notify the
CPU 70 of the completion of the DMA transfer of the data block (S166).

While the DATAZ2 to DATA 8 are being DMA -transferred, the CPU
70 can perform an operation using the DATA7. In an example shown in
FIG. 4, the DMA transfer of the DATAY7 is performed again in a step S192,
however, it has no problem since the CPU 70 only refers to the DATATY.

The system shown in FIG. 1 may be implemented with a single processor
comprising a CPU, cache unit and DMA controller.

While one embodiment of the present invention has thus been
described, the present invention can be materialized in other embodiments.
For example, as shown in FIG. 5(a), the DMA hit detector 22 can be
connected between the CPU 70 and the system bus 80, and the DMA
controller 20 can be connected to the CPU 70 and the main memory 90
through the system bus 80. The DMA hit detector 22 detects a DMA hit
with reference to the transfer counter 84 and the transfer address 86 in the
DMA controller 20.

When a DMA hit is detected, the DMA controller 20 causes the CPU

70 to retry access to the requested data at the destination location. The

11
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DMA controller 20 suspends the DMA transfer of a data block under

execution and DMA -transfers the requested data until the CUP 70

re-accesses the r

equested data after it suspended access to the data. After

the CPU 70 accedses the DMA -transferred requested data, the DMA

controller 20 resymes the suspended DMA transfer of the data block.

FIG. 7 sh0+7vs an example of a procedure for controlling a DMA

transfer. As sho

wn in FIG. 5(b), when the CPU 70 requests access to data

at a destination lpcation (S162) after the DMA controller 20 starts a DMA

transfer of a datq block (S160), an address ADn of the requested data

DATAn is transfqrred from the CPU 70 to the DMA hit detector 22 and the

cache unit 72. T}

he DMA hit detector 22 detects a DMA hit with reference

to the transfer cowunter 84 and the transfer address 86 in the DMA

controller 20.
When the |
ADn of the reque

bus 80 (S130), as

DMA hit is detected, the detector 22 transfers the address
sted data to the DMA controller 20 through the system

shown in FIG. 5(c). In this case, the requested data is

DMA -untransfeqred data. Receiving the address ADn from the detector

22, the DMA con
requested data (§

suspends access |

rroller 20 requests the CPU 70 to retry access to the
$132), as shown in FIG. 5(d). The CPU 70 temporarily

o the requested data, and after a lapse of predetermined

time, the CPU 7(

re-accesses the requested data. While the CPU 70

temporarily suspends the access to the data, the controller 20 suspends a

DMA transfer of a data block under execution (S112) as shown in FIG. 6(a)

and performs a DMA transfer of the requested data DATAn (S134).

12
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109B& () - @ 1098& ()-9! GLOYB&' () - YMLOYBE ()-S 109B& ()-' &0&& """ “XmbC
10/ MLO% & ()-M 10B 10B 10BS<s109®& ()-, 5! 109B& ()- &3109B& ()- 31109B& () -
"¢ (T(dEmbC 10/F9 10% & ()-F 1094 & ()- 10% & ()-

F&&10% & ()-F10% & ()- 3910% & ()-T(Z((()K) t)dEnbC 10/ F@ 10% & ()-F

10% & () - @OV the glm:e&'gh@%tge((g‘/PU 70 retries access to the data at the

destination address, the data has been updated by the DMA -transferred
data. As shown in FIG. 6(b), after the CPU 70 accesses the DATAn (S136),
the DMA controller 20 resumes the suspended DMA transfer of the data
block (S124). When all the data included in the data block is

DMA -transferred (S164), the DMA controller 20 sends a signal to notify
the CPU 70 of the completion of the DMA transfer (S166).

In FIG. 7, when a DMA hit is not detected, the CPU 70 accesses the
cache 76 or the main memory 90 through the cache unit 72, as shown in
FIG. 6(c). In this case, the DMA controller 20 suspends the DMA transfer
of the data block under execution (3113). Then when the CPU 70
completes access to the requested data (S118), the suspended DMA transfer
of the data block is resumed (S124).

As in the procedure sl}own in FIG. 4, even when the CPU 70
requests access to DATA7 (S162) after a DMA transfer is started (S160)
and the DMA transfer of DATA1 is completed (S180), the DMA transfer of
the DATAT7 can be performed first. While the DATAZ2 to DATA 8 are being
DMA -transferred, the CPU 70 can perform an operation using the DATAT7.
The system shown in FIG. 5(a) may be implementd with a single processor
comprising a CPU, cache unit and DMA hit detector.

As shown in FIG. 8(a), a buffer 34 can be connected to the DMA hit
detector 32. Data or a data block which is detected as a DMA hit is
temporarily stored in the buffer 34, after the CPU accesses the requested

data. Where the CPU 70 re-accesses the data stored in the buffer 34, the

13
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100F <1098 ()-1S 10%0& ()-!!109%& ()-=4{4, 6168 8r9}[9~ @10/!'Y 109%& ()-!Y
109&' ()-Y _109& ()-'l- 10%wW& éﬁ-l- 10%& ()-112
109w () -IPBEA ey deisgtor 3 tranedyns thecbats: S(CQLeldslnl@%Eb@feBM to the CPU
109% & () - s 10‘V & ()- 10 10 10L<109%& ()-f<<=>>?27z[<1@ 10( @®<10% & () -
10% & () - lpesgtie) buffer 3¢ updwcqs) the nuwderof yetry requests) - 272 GAAYBB] H@
10( @' F 10%& ()-F 10% & ()-! F10% (& ()-F10% & () - 3S910% & ()- 10(
10( BCDEA FaFbFc FéjileStie erib¢dibdénts of the present invention have thus been
described, it should be understood that the present invention be not limited
to the above embodiments. For example, although a memory -to-memory
DMA transfer between memory areas in the main memory has been
described in this specification, the present invention can also be applied to
a memory-to-memory transfer between any high-speed memories
connected to a system bus. Also, in the system as described with reference
to FIG. 1 to FIG. 4 in which the requested data is forwarded to the CPU
from a source location, the step S114 in FIG. 3 may be omitted. Many
changes, modifications, variations and other uses and applications can be

made to the embodiments on the basis of knowledge of those skilled in the

art without departing from the scope of the present invention.

14



10( 10( @®<10% & ()-! & 10% (& ()- & 10% & ()-'3 10%& ()- 3 10% & () -
dFeFWFCGHI Ja?SH= 10( 'l 10%=& ()-I 10%r& ()-!+l" 10‘%%(#§LQ@0(%}@%§D§P(1) -
Y, 10%1& ()-910%r& ()-LILLLLLLNN = 10(!3!10%& ()-!37100& ()- @®10% ()-
10m 10m 10my<10%& ()-Y" 10%m& ()- N) PQSSSSS+Strg\= 10(3f910%& ()- 10 10
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(1) A'method of controlling a DMA (Direct Access Memory) controller
to perform a memory-to-memory DMA transfer in a data processing
system including a main memory connected to a CPU (Central Processing
Unit) through a system bus, comprising the steps of:
detecting a CPU request for access to data included in a data block
being DMA -transferred; and
allowing the CPU to access the requested data in preference to the

DMA transfer under execution.

(2) The method according to claim 1, wherein

said detecting step comprises detecting whether the requested data
has already been DMA -transferred or not; and

said allowing step comprises:

a first step of allowing the CPU to access the requested data, if the
requested data has already been DMA -transferred; and

a second step of suspending the DMA transfer to allow the CPU to
access the requested data preferentially, if the requested data has not been

DMA -transferred yet.

(3) The method according to claim 2, wherein said DMA controller
comprises:
a first register for storing the number of DMA -untransferred data;

and

15



10% & ()- 109% & ()- | XXX YMYyYYdE~_ @
10(!10% & ()-3yl0% & ()-910% & ()-10% & ()- 3 10% & (JP9-2000-0383-JP1
10% & () - YYZRZZZZdE~ @ 10(.10% & ()- 3*109% & () - 3(

10% & ()-&10% & ()-3% 10% & ()-"-10% & ()-Z[ B[ F[ 1 [ J[ K[ L[ [ xmbC
10(1 @ 10%& ()- 10( 10( 10( @<10% & ()-3410% & ()-2@0% & () -
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and said detecting step comprises:
comparing the address of the requested data with an address of

DMA -untransferred data obtained from the first and second registers to

detect if there is a match.

(4) The method according to claim 2 or 3, wherein said DMA
controller is connected between the CPU and the system bus and said
second step comprises:

causing the DMA controller to forward the requested data to the
CPU; and

resuming the suspended DMA transfer.

(5) The method according to claim 2 or 3, wherein said DMA
controller is connected to the CPU and the main memory through the
system bus and said second step comprises:

requesting the CPU to retry access to the DMA -untransferred data;

suspending the DMA transfer under execution to DMA -transfer the
requested data until the CPU retries access to the data; and

resuming the suspended DMA transfer after the CPU accesses the

DMA -transferred data.
(6) An apparatus for controlling a memory-to-memory DMA

transfer in a data processing system including a main memory connected to

a CPU through a system bus, comprising:
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means for detecting a CPU request for access to data included in a
data block being DMA -transferred; and
means for allowing the CPU to access the requested data in

preference to the DMA transfer under execution.

(7) The apparatus according to claim 6, wherein said detecting
means includes means for detecting that the requested data is
DMA -untransferred and said allowing means includes:

means for DMA -transferring the requested data preferentially; and

means for allowing the CPU to access the DMA -transferred data.

(8) The apparatus according to claim 7 further comprising:

a first register for storing the number of DMA -untransferred data;
and

a second register for storing an address of data under DMA transfer,
wherein said detecting means includes means for comparing the address of
the requested data with an address of DMA -untransferred data obtained

from the first and second registers to detect if there is a match.

(9) The apparatus according to any one of claims 6 to 8, wherein said
detecting means and allowing means are connected between the CPU and

the system bus.

(10) The apparatus according to any one of claims 6 to 8, wherein

said detecting means is connected between the CPU and the system bus
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means comprises a buffer memory for temporarily storing the data detected

as DMA -untransferred data.

(12) The apparatus according to any one of claims 6 to 11, wherein a cache

memory is connected between the CPU and the system bus.
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