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rel ates to an apparat us andjlmmmh@mm"“m{‘control i a tre y access
(DMA) transfer, and nore pa 0 an apparatus and net hod for
controlling a nenory-to -nenory*PN&" transfer. Desc . 9(a) to 9(d) are

schematic diagramof a menory-to-nmenory DMA transfer performed between
menory ar ed3MA TRANSFER GONTROL, METHOD NDeSONTROLDEVISEPW i n Fl Gs.
9(a) to 9(d), a central processing wunit (CPU 70, a cache unit 72, a main
menory 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

cont ai nBACKEROUNDOR THEINVENTION cache 76 is a nenory for tenporarily
storing a part of data stored in the main nmenory 90, and the tag 74 is a

menory fHieldobthennweddiesses 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 t heThaipresenminyeAbionhelnted ¢o aacdihatardPsAd WELHDHILE, the target
data. The main m-nmenory data transfer between nenory areas in the main 1 6

DEC 200&ontrolling a direct memory access (DMA) transfer, and more particularly

to an apparatus and method for controlling a memory-to-memory DMA

transfer.

Description of Related Art

FIGs. 9(a) to 9(d) are schematic diagram of a memory -to- memory
DMA transfer performed between memory areas in a main memory. In a
data processing system shown in FIGs. 9(a) to 9(d), a central processing
unit (CPU) 70, a cache unit 72, a main 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
teinporarily 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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70. A data transfer between the nenory areas neans a9 a é? P

source nmenory |location to a destination nenory Iocatlon in the main nmenory

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 hierhb8 GPWiTkb RaRtOE eneRLi B tRACPU per ahldita tr@hsfexd¥pweenWnen a
plurality of instructions or instruction groups use the sanme data,

original dagge 'n§erﬂef Qferag%éynm%tamﬁnﬁem% fsoQkéIhitghor @kambﬁ tgsed in
many cases. In the transfer, data is transferred on a data bl ock

conpr i ses SKR Rl hel LRI By S BR ol %‘?%"E%ﬁ?
T “@Wﬁf’%ﬁ?é%ﬁg BB R ol
DATAA, DATAG DA o COTAL a0 RATA% 31 £ GO0LRY ih iSSP LORS o0 e ror Y

| ocati ons having At esses AD8 in

th FIG 9 t he DVA troll 82 t

regl S?Ie:] gflggf%é?lgflﬁgfqa«g?ﬁmgf Iepr ed to gg)trangf er cgagt ;? 8461; forcgtno?: 23 :
t he nunber of untrarl1sfet;1 ed dat allifano a gg’%l 1%tero 86 é1 |na terS
referred to as PhTEFEP G dY Qe%él fa ar 'S8 & N gd&?ess o e2t'B5under
DVA transfer. f. t t. b th
ranstor- oot ¢he g BRCa P HRAT ) UG BULIAR ot ardibihe. e

DVA control l,e duces a vaI ue o r ansf.er unt by one
every time flﬁé ‘flrnaWr C&SES cgr?ptlhgtlg tlanSfel 324k Hanktet2d oY a

\ data block basis. An example of a data block is shown in FIG. 10(a). A
data block DB comprises data DATA1, DATA2, DATAS3, DATA4, DATAS,
DATAS, DA’I‘A7, and DATAS in source memory locations having addresses
AD1', AD2', AD3', AD4', AD5', AD6', AD7' and AD8' in the main memory
90. The data DATAI1, DATA2, DATA3, DATA4, DATAS, DATA6, DATAY,
and DATAS are copied to destination memory locations having addresses
AD1, AD2, AD3, AD4, AD5, AD6, AD7 and AD8 in the main memory 90.
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.
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of a source nenory |ocation and an address of a destJPr%‘tZQprQ‘rQ@t%rgl 1

| ocation. In the case of a data block shown in FIG 10(a), an address AD

1' of a source location and an address ADl1 of a destination |ocation are
stored as an initial value. The DMA controller 82 updates addresses of

source and destat | AelaGRd a0 oa0 SHAEY abl (ke PURohFANSHERolS cOMP! ot od,

FIG 10(b) is a‘scC i ata transfer of thé data bl ock
transtor adticabandgrid EUEHTR! EReshe REIERE BT TR ARCPRLs o0
The 1 ansf GA1 BUIGFAER S O g0 nar Sy ALH of RO WEhe ophef sldalC, oy
an- adar oss 0 e dbce 1 Besrbior beaponannioisd Auardettigt vahteER naci on
ho DAt A2Vds Grmiraler ERNpRBHRA Bresesisl EHSTE B ERRILE oo al Bl bcoaur e

by which the CPU 70 accesses data storfd in a destination nmenory | ocation.
As shown i §VEFGH e phe Dafrangferis comp E‘éﬁ@lests access to data stored at

transter of 1 ho HGt ol (ibbiia PPt A6 TeaRObMDTAA e rans iy €rbediAteal |y
(S164) "t N IoRRDEb (s GmegiAsdhdsaarier it HuPRTS FaARTER SN GRS Tyt he
o(c) . Thus (rantler e BERBEATPOIP Aot HEARATALHSPATTAR oph Bainterred
) one after another. When the DMA transfer of DATAS8 is completed, the
value of the transfer counter becomes."O" (not shown) and thus the DMA
transfer of the data block DB is completed. In FIG. 10(b), "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 (S163). 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 (5166), as shown

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



3 JP9-2000-0383-JP1 block DB, the CPU 70 can access the transferred datésaBEC 200
the destination location (S168), as shown in FIG 9(d59-#0-O&dE 1 as

shown in FIG 12, when the CPU 70 requests access to DATA7 (5162) after

the conpletion of transfer of DATAL (S180), the CPU 70 accesses the DATA7

at the destination address (S168) after the conpletion of DVA transfer of

DATA2 t o DATA 2, S ; Si nce
the CPU 70 it b SRESBU: REcasmada oie Ko e dbpate S tor Daac o
DATA8, | atency.ti curs, An .object the present invention is to allow
t he CPU to?%%é%%z%a@’ aﬁﬁh@W“Bﬁ%ﬁ'a%gi'er to thereby reduce latency tine
of the CPU duri t he transfer. RY, OF, TH NTI ON A et hod of
controlling a r%ﬁ%gﬁwsﬁﬁts quﬁﬁ%ﬁ”h%&? g%ﬂr{‘gl\égoretqﬁlgs ACERY

i nvention conprises,the steps of: detecti a U t agcess to
data which tpgﬁﬂ‘éﬁu@&?i) alter thﬁtcanm?%t&n ngws%f{ﬁg@%eﬁ&m al | owi ng
the CPU to access the requested data in preference to transfer
under exec&PUn’0 apcespputha DATAF ak bhe destinagon agaﬁeﬁsr@g%%%c%ﬁdi ng to
the present invention conprises'. neans for detecting req for
access to campletippcd DMA%“@&é‘@fiD\AEA&a‘Pé)‘ﬁ&é@K znéaiﬁgtl@gns&gér ed;

and neans for allowing the CPU to access the requested djhg ié?(greference
to the Ml%maﬁgéﬂﬁéx&im@b}?ﬁCPI%WW@“E}PE%‘Fﬁssith@ Tor deppscan

access the requested data before DVA transfer is conpleted, regardl ess of
whet her or thetDMde transfeseletheddAd'A2 to DATAS, latency time occurs.

An object of the present invention is to allow the CPU to access data
under DMA transfer to thereby reduce latency time of the CPU during the

DMA transfer.

SUMMARY OF THE INVENTION
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 |
réquested dafa in.preference to the DMA transfer under execution.

An apparatus for controlling a DMA transfer according to the
present invention cbmprisesi 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
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DMA transfer becones transparent to the CPU. BRI EF DESER-Z000N0BE3 THE1

DRAWNG FIGs. 1(a) to 1(d) show an enbodi rent of a DVA transfer control

bet ween nenory | ocations in a main nmenory according to the present

invention. FIG 1(a) shows an exanple of a systemconfiguration, FIG 1(b)

shows a flo ntroI e, .DVA transt shows a
f1 ow of an g@%gggn m@’estfag? §H§I f’t}b‘?‘}ggméPBmeaﬁocml—'VEf& ?nggntr\%él%}el f1 ow of
signal issu a, DVA control l,er DVA-transferring data requested by
the CPU fi rg@corﬁqséxa RPTHoRsthe %ﬁ’ﬁ{aquested data which is sent fromthe
main nenory to the CPU by a DMA controller after the conpletion of the DVA.

transfer shown in FIG 1(d), and FIG 2(b) shows a flow of data which is
requested by_the CPU for ces froma cache or the main

menory to tﬁBI@IFUDEﬁ@I% @N@F%Exﬁﬁﬁw BNE a procedure for controlling a
DVA transfer of datagock y the DVA control |l er shown in FI 1(a).
FIG 4 shows an BXaapl@ ép 1éd)p?h$tyséa£1reénbfeﬁlrrmmqfraaPMértr%ﬁeécamra bl ock DB
by the DVA controller shown in. FIG 1(a). FIGs. 5(a) to 5(d) show anot her
enbodi nent bétveeemvmemenysioeations it AaNaBeMRERHYrAOEYINEJe DR dTEeSeRt a mai n
menory according to the present invention. FIG 5(a) shows an exanple of a

syst em conf injendidmon FIGR|1&) says shewe mple obw ystemn cafigesatipauELe. si gnal

froma CPU during the DMA transfer, and FIG 5(c) shows that an _address
signal of th)ghows a flow of signal for controlling the D transfer, FIG. 1(c)

shows a flow of an access request signal from a CPU, and FIG. 1(d) shows a
) ' flow of signal issued by a DMA controller for DMA -transferring data
requested by the CPU first.

FIG. 2(a) shows the requested data which is sent from the main
memory to the CPU by a DMA controller after the completion of the DMA
transfer shown in FIG. 1(d), and FIG. 2(b) shows a flow of data which is
requested by the CPU for access and is sent from é cache or the main

memory to the CPU.

FIG. .3 shows an example Qf a procedure for controlling a DMA
transfer of data block DB By the DMA controller shown in FIG. 1(a).

FIG. 4 shows an example of a procedure for DMA -transferring a
data block DB by the DMA controller shown in FIG. 1(a).

FIGs. 5(a) to 5(d) show another embodiment of a DMA transfer
control between memory locations in a main memory according to the
‘present invention. FIG. 5(a) shows an example of a system configuration,
FIG. 5(b) shows a flow of an access request signal from a CPU during the

DMA transfer, and FIG. 5(c) shows that an address signal of the data
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hit detector to the DMA controller when a DVA hit isJB8t8eped)3&hdH G '
5(d) shows a flow of signal sent by the DVA controller for requesting the

CPU to retry access to the requested data. FIG 6(a) shows a flow of

signal issued by the DVA controller to instruct the main nenory to

DVA-transfer the, request ta _tenporaridiy:., S di f th
CPU to a caeneogiaiay PR 3t naties AOPLE TN Mk HEREBFLOMETNIR 01 e Gat o
is requested as ;sho in 5(d Fl 6 a flowof ..

DVA- t (rqansf é‘ropgﬁ‘)lfeé'qcvtlj\g%’? @dﬁ h@akuggan%ét%teﬁhgnﬁ%@E@&fﬁl%owwl%%tof sianal after
the conpl etion  of .t -transfer of the r d dat a, d, Fl 6
Shove at T nnsv e Babheenbidtr Foumns e Red Rl ot hodBher i o t ne
CPU when a DVA hit, (s not detected. FIG 7 shows an exanple of a procedure
for controlIeANGSE & transfer by the DVA controller shown in FIG 5(a).

FIGs. 8(a) to 8(g).sho till another -enbodi nent of trapsfer control
bet ween nermory |HEGt6@hshpsa Hawp W@S&PHF%Q%%@WCEP%S@M
invention. FIG B&a) shows an exagl e of a systemconfiguration, FIG 8(b)
shows a fl dwskruct fhe vy memarsrtoddVdettaanelpt the reqursteddagy byhe DVA
controller, and FIG 8(c) shows a flow of data where the DVA hit detector
transfers demparesieguspendiagncees okthewal Untom cactsy o magnipemery), Fi Gs.
9(a) to 9(d). show an enbodi nent of a conventional DVA _transfer control.
FIG 9(a) stber awetexahpreessfiodheyeqesnteddpiyif trqussted & ehowpn Eows a
flow of signal for controlling a DVA transfer, and FIG _ 9(c) shows a flow
of signal frdmBIGnKbeshewsla E@Wth RDMApirarsfernedrauested data sent to the

) CPU by the DMA controller after the completion of the DMA -transfer of
the requested data, and FIG. 6(c) shows a flow of the requested data from
the cache or main memory to the CPU when a DMA hit is not detected.

FIG. 7 shows an example of a procedure for controlling a DMA
transfer by the DMA controller shown in FIG. 5(a).

FIGs. 8(a) to 8(c) show still another embodiment of a DMA transfer
control between memory locations in a main memory according to the
present invention. FIG. 8(a) shows an example of a system configuration,
FIG. 8(b) shows a flow of the DMA -transferred data sent to a buffer by thers..
DMA controller, and FIG. 8(c) shows a flow of data where the DMA hit
detector transfers data stored in the buffer shown in FIG. 8(b) to the CPU.

| FIGs. 9(a) to 9(d) show an embodiment of a conventional DMA
transfer control. FIG. 9(a) shows an example of a system configuration,

" 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
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9(d) shows access between the CPU and a cache or nai dBfe@800-08B&-JBd( a)

shows an exanple of a data block to be DMA-transferred, and FIG 10(b)

shows a value of a transfer counter and positional information of a

transfer address in the DVA controller and a state of each data. FIG 11

Shone e G i B BTNy SRR V00 bt e O
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S e, T 5l B SEEPATER i SRRt o e
O oo BRSPS Ly T Bt DT PV 70

conventional, ones shown in FIG 9(a). In addition, it is assuned that a
dat a bl ock El)Btf’E-o be transferred is also simlar to the conventional data

bl ock shown in F 10(a). An apparatus 10 (DVA controller) f ontrolling

a menory-to- nen%&} I?)ﬂv’ﬁ%f’ Rridt 8K, %f?@rweé&ref?rayoq%ofi{rt&)amg ding to

t he present inventjon c rises DVA hit d ctor. for detecting a CPU

request fort%@z%rsblf @%E’ﬁ‘%‘i"r’ér@&rﬁ%’} Hhﬁréng&;) | ocati on which may be
FIG. 12 shows an example of a procedure for performing a DMA

=) transfer of a data block by the DMA controller shown in FIG. 9(a).

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Next, an embodiment of a method and apparatus for controlling a
memory -to-memory DMA transfer according to the present invention will
be described with reference to the accompanying drawings. In the
following embodiments, a memory -to-memory DMA transfer is performed
between memory areas in a main memory. In a data processing system
shown in the drawings, it is assumed that a CPU 70, cache unit 72, system
bus 80 and main memory 90 are similar to conventional ones shown in
FIG. 9(a). In addition, it is assumed that a data block DB to be transferred
is also similar to the conventional data block shown in FIG. 10(a).

An apparatus 10 (DMA controller) for controlling a
memory-to-memory DMA transfer shown in FIGs. 1(a) to 1(d) according to
the present invention comprises a DMA hit detector for detecting a CPU

request for access to data at a destination memory location which may be
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under DVA transfer. The DMA controller 10 functions Egnggﬁ@ (ﬁﬁ% aﬁD]ovm ngEC 200!

the CPU to access the requested data to be witten at the destination
| ocation in preference to the DMA transfer under execution. The DVA
controller 10 conprising the DMA hit detector 12 is connected between the

CPU 70 and o.fd?ﬁatéé{%tved‘at@i%cﬁgied €2 I i kAeh GGt DM A 2 fedrect sTuhpigr or

not the CPU'requests access DMA-untransferred data, that is, data which
is to be wj t a ut has not
et been - ORRY NI EEBERME Rk U AR ERY B oL RRR IR A - ot or

when_a mr@qbeétsedd(f&t?ictto %WW i B?@hg Ak m{lgﬁﬂﬁ q%ﬂ& conf#’ﬁﬂfe%c {bqnkhe

CPU 70. LiKke™a conventl on control

comr i ses g)i7,a0slr, SOURLEL. A4 A0 S REL 61 AANEESH Gegh e B8, The

DMVA hit de now Tati'on-addrésses o ansferred
data fromt fer c ter 84 the tr ddress 86, The address
of data to mjiﬁeé gty Wecoag@c%fjp%twetepa féfpeggtagdt 3 & égcrﬁgb Wit 72
and the Dl\/gcontrol | er 10. The DVA hit detector 12 conpares the address of
data reque Gq by the CPU 70 (hereinafter referred to as requested data)

there s a mat o haDMSdEReRrtof H Eleraadiaher Hikﬁééﬁégﬁ?@%aéﬁ%s Boi nci des
i AU oS RTR L Pt b0 A B "
address egciess%&rat?o% ﬁ)catlon 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 eache 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 Cj

"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
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address of data requested by the CPU, a DVMA hit occurs when _

(ADi ) <(ADcup)<(ADi +G ). It is to be noted that the block data addresses in
the transfer address register 86 are sequential. Wien a DVMA hit is

detected, i trefaasts rbfiadctiMy R ATRD uOdeddi€ the GAHESLT HRhFelfedQ
conpl et ed. %ﬁgaDl\/Arciﬁcrol l'er 10 sugrl)leneds t he DIVA trans ereg?e gata bl ock

under exeCUtth@rCPUda@M@hﬁso&u%hetr{@(!ED%(ABEu @?tﬁﬂm i3, After

the conpletion of the DMA transfer e request

controller Jr{btfeﬁrtl’i@f t% b @%gr%ﬁ(ﬁgs& L tgertgghsf;a?gﬁayr%sﬁ 1e§%&géi§@n £o the

CPU 70. Then e suspen rans I's resune Mo the
transfer coy %ﬁl,& Enfi4rand the transfer address 86. When a DVA hit is not
detected, a transfer of the requested data has al ready been conpl et ed.

'lt Parrgr?ter cgfsea dat aﬁgﬁo gl\g%gccg%egkhfc% Z[hagmg\ﬁggbvg;gﬂﬁccesses
(he S2ene Top gl 'g@ara%?et@gahzrsmwr@ra pRAET NG
1 G O R R L LR B
e o e RGN S B REEURLR Bl
control | er o?tﬁe "%ectl&es%e&)up\ta, 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 requeeted data under DMA without waiting for complegign
' _ \.’ 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



transfer of a data bl ocks showmn in FIG 1(b) (S160), t 7 q ts
access to data (S162). Then an address ADn of the reng&'%ggégaé%ﬂ!ﬁi 56 DEC 2005
JP9-2000-0383-JP1 - 6 DEC 2005 is sent fromthe CPU 70 to the DVA

controller 10 and the cache unit 72, as shown in FIG 1(c). In the DVA
controller 10, the DMA hit detector 12 <checks if the DMA hit is detected

(S110) . Wes senP¥forhiithel GPUEl®ES €1t DNIA dMy 10 IPhhEthd Qashis RANIF, tatLe DVA
transfer of the data bl ock under execution (S112), and performs a

transfer ofsidien iRQUER RS, dah 3hé BIVIA) corRSoBECYD, H2 HMA nhif ddteciliern a DML\
hit is detected, the DVA controller 10 uses the systembus preferentiallly.

After the C&{mlkgtlf% oMvAhG: MRttt {®11®f the requested data, the

controller 10 forwards the requested data (DATAn) fromthe source |ocation

of the mai n merog, 90 Taviae GBY ez&(tg%@ng@mg%p 107 BpeRi@the and then

resunes the susloen(fed DMA trans en ? hi't tect ed,
h . t
(8515) " ae DN tFinsths BHERERME BlocRMinddraBRLBtioR (STTA Al EL IRTH. ;SQChe
t 1 A t

e s PORSGE PG TEPRL e s 0 Bl %&% et =
o ol @%@ﬁﬁ@ﬁ@@%&f%ﬁ@% e PR GhaBrdi oy (e

f
R ot oY BINE A 0L UL o 1 (GRG0 ©

E:gﬁ;[)l 2{ 'égr &iat etccr)r? ro]iler lbsforv%gxrci ﬁle xsequuoe)st (P gafaa %An{ir}an%rthOf DATAl IS

S ) source location of the main memory 90 to the CPU 70 (S116) as shown in
FIG. 2(a), and then resumes the suspended DMA transfer (S124).

When a DMA hit is not detected, the DMA controller 10 suspends a
DMA transfer of data under execution (S113). As shown in FIG. 2(b), the
CPU 70 is allowed to access the cache memory 76 or the main memory 90
through the cache unit 72 (S118). After the completion of access to the
data requested by the CPU 70, the controller 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 (S160) and a DMA transfer of DATA1 is completed
(S180), 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



(S180), the CPU 70 requests access to DATA7 (S162).

controller 10 suspends the DVA transfer of the data bmbﬁﬁﬁl%%’c%h orq DEC 200
(5112) and perforns a DVA transfer of the DATA7 preferentially (S120). 10

JP9- 2000- 0383-JP1 - 6 DEC 200! In that case, the value of the transfer

counter 84 is "7" and the transfer address 86 stores positional

i nformati onln X cakBPlhie adluehsf thien®anéfer suapednsddis U drhietHdVrahsurst er .
After the conpletion of the DVA transfer of the DATA7, the DVMA controller

10 transfergddies I%Ts%axésopd&ﬁoﬁ&lurﬁf&hﬁahoanmmmm@satrma ik ofsuspended
DVA transfer of the data block DB (S124). \Wen a series of DMA transfers

of DATAs 2 { @ Bndidh SO BMVEAl tfaxl§ey. S184, S186, S188, S190, S192 and
S194), the controller 10 sends a signal to notify the CPU 70 of the

conpl etion of thgaPMnt g @tﬁox%f Eﬁ@%ﬁ\%%%‘f o@%ﬁ@@ATM‘?' tife DgADATAZ to

DATA 8 are be| ng DVA- tran erred, can perform an operation

using the DAIALo, " @B AR $eSDE R0 B ufd Bp1# S 199 AMYHEARRLScOfhd e

DATA7 is per agaln in a step owever no pro em si nce

the CPU 70 Mﬁé rd@ﬁ%l@lﬁ Br a3 U HAE- datylﬂoélyﬁlf@ WrWhQn Bl Grids JBY be

i npl enent ed WER A S ngl e processor conprising Cache Unit and DVA

controller. F?ﬁA't?ar?ﬁ@ FOPBATIRNS 0% él%ecoéﬁﬂgﬁ%?éﬁ Sf@&e@l'Sﬁn E%é S%§ been

descri bed, presen i'nvention can zed er’ enbodi ment s.
Eggng)é?ggl ge g%esnlﬁ%%@%glt(ﬁedémb@@?&%&?%&g%ﬁ%}l?Lte(?%wﬁ\gp%:lgent roller
20,020 be BRSSPI LR ObAS TR TR PP . e
1) While the DATA2 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 DATA7 is performed again in a step S192,
however, it has no problem since the CPU 70 only refers to the DATAZT.
The system shown in FIG. 1 may be implemented with a single processor
comprising a CPU, cache u_nit 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, ag.shown in FIG. 5(a), the DMA hit detector 22 can be
' . 1.}_ 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



ith reference to the transfer counter 84 and the transfgs r 86, n.

}chEa DVA controller 20. Wien a DVA hit is detected, thejmg)nﬁﬁgﬁrg}rﬂzpﬁ DEC 200
causes the CPU 70 to retry access to the requested data at the destination

| ocation. The 11 JP9-2000-0383-JP1 - 6 DEC 200 DVA controller 20 suspends

the DVA transfer of a data block under execution and DVA-transfers the
request ed dalMarontralles 20uruspends dhe ddMds b nisher ofeadesd blbetatraleaf ter it
suspended access to the data. After the CPU 70 accesses the DVA-transferred
request ed dae¥ecutivn oM\DMdntraidfers e reeswests] dhen ausipend DV transfer

of the data block. FIG 7 shows an exanple of a procedure for controlling

a DMA transferaccegseslibameinedibbdab biterbenspdied €Phkct@s teEHETh B ACLRSS O
data at a destination |location (S162) after the DVA controller 20 starts a

DVA  transf ethoCPY datazcdises khé BIMO)-trasfafduess ubbbdodatahehé MRSt ed data
DATANn is transferred fromthe CPU 70 to the DVMA hit detector 22 and the

cache unit 7ébntTd51kbelDBm¢é‘EiLtmé@t1@é3E@épe&ﬁle@%ﬁ@i%rﬁm%pm}%ehgé%%%g erence to

the transfer counter 84 and the transfer address 86 in controller

i . t ddr ess
20. Wen the DVA FIG. Vshdﬁhﬁqi%n&kﬂ%e%fgeﬁﬁ%‘ahlggm sﬁmm{@t%m

ADn of the requested data to the roller 20 throug € system bus

80 (S130), atyasbfeen ABshb®n (FIG. 5)tWhenGRSGPUN Efﬁﬂ%{%gé §gcteg§tt8‘dia§%2

DVA- untransferred data. Receiving the address ADn fro ector |
the DVA contatoh ldestig@tibRAb@gich (96 FREfGHODIEA L¥nBSHES D0tQaftlS, DhEguUest e

data (S132), as shown in FIG 5(d). The CPU 70 tenporarily "~ suspendsS access
to the requeshasfedafa daathlatlt 63160) aRSRIRESPATHAELEIRE fb%ested data
}; DATAn is transferred from the CPU 70 to the DMA hit detector 22 and the
cache unit 72. 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 the DMA hit is detected, the detector 22 transfers the address
ADn of the requested data to the DMA controller 20 through the system
bus 80 (S130), as shown in FIG. 5(c). In this case, the requested data is
DMA -untransferred data. Receiving the address ADn from the detector
o 22, the DMA controller 20 requests the CPU 70 to retry access to the.
) requested data (S132), as shown in FIG. 5(d). The CPU 70 temporarily
suspends access to the requested data, and after a lapse of predetermined
time, the CPU 70 re -accesses the requested data. While the CPU 70
temporarily suépends 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



time, the CPU 70 re-accesses the requested data. Wil e the U )
tenporarily suspends the access to the data, the cont r%ﬁ?e‘?@j@%gpgﬁas a

DMVA transfer of a data bl ock under execution (S 112) as shown in FIG ,-@(m 2005
and perfornms a DVA transfer of the requested data DATAn (S134). 12
JP9-2000-0383-JP1 - 6 DEC 2005 At the tinme when the CPU 70 retries access

to the data at t#é thdésnevahérotha@PEg9, retiies datasshtasheatitaundaked by the
DVA-transferred data. As shown in FIG 6(b), after the CPU 70 accesses the

DATAn (S 13@pstinatien BhMresstheldaed ha® beesuiRkatbh&ystiePBMIE didbrdrFansf er of
the data block (S124). Wien all the data included in the data block is

DMVA- t r ansf edneal (£164)wn ihF IOV (6 AR therCED ma@&s@eﬂﬂé‘ﬂim&n&giﬁ@y t he
CPU 70 of the conpletion of the DVA transfer (S166). In FIG 7, en '‘a DVA

hit is not dké@MAGontRAEAY ruaeeeGResudfRide 8 AN (5 Rferl HYELHTR] 1o BN Y
90 through the cache unit 72, as shown in FIG 6(c). In this case, the DVA

control ler Bbckusnanrlswie Mvinb i ifEludell ihthedfled back under execution
(S113). Then when the CPU 70 conpletes access to the requested data

(S118), theDMapendaderibh 1605tRE DMA dditrsli o000, b LEAUTRE(9124) - AS

in the procedure shown in FIG 4, even when t guest's ‘access to

DATA7 (S 168)e @PenoafBlYA cbiphshion of%émﬁket‘ilaﬁ%e}qg%GG nd the DVA transfer
of DATALl is conpleted (S180), the DVA transfer o the DATA7 can be

AL S R e Ll eV
5(a) may becidm FTBNtIEL Walifl RembPP'98 tRLOGERTRE 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 (S113). 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 shown 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 DATAYT can be performed first. While the DATA2 to DATA 8 are being
DMA -transferred, the CPU 70 can perform an operatioﬁ using the DATA7.

) 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

témporarily 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



conprising a CPU, cache unit and DVA hit detector. As in Fl a), a
buffer 34 can be connected to the DVA hit detector 32%%0&0%&%3‘?}51

bl ock which is detected as a DMA hit is tenporarily stored in the buffdrDEC 2005
34, after the CPU accesses the requested data. Where the CPU 70

re-accesses the data stored in the buffer 34, the 13 JP9-2000-0383-JP1 - 6
DEC 2005 DVADMA hiedetectnr 32ttanafabahs ddie sdated st €HLBuifer BAGBYE fEp34 to

the CPU 70. Thus the buffer 34 reduces the nunber of retry requests. Wile
the enbodi nefl.s Biud tie puffaesd rédventihembayer bhusthagquesigscri bed, it

shoul d be understood that the present invention be not limted to the

above enbodi ment SWHFlerthexsatpddim ik WUED pRe ST eh Bo ARV ML yf ansf er
bet ween nenory areas in the main nmenory has been described 1nthis

speci fi cat i afasctibedpitesonld ba\eMer 9308 dRafkEO pPEseHAhVERLLR betnot Limited
menory-to-nenory transfer between any hi gh-sp«geds menorres  connected to a

system bus. t8lt$@,adovetd a iLhed wiit h re 4o FIG 1 to
FIG 4 in which tahe ?e(?goeozgg{de%(%t ZF(lsjl‘saé’?{)ﬂrlggef g\é\%}otught%gﬁ%@ ftpéfﬁeén%%urce

odi i oat i one ey Qﬁrﬁ%étﬁl/e%h%eﬁm@&rggs g‘?&‘t‘%g‘g?if‘ca? %éloor{gn'gnne&

nodi fi cations, variations an t her” uses Y& made to

the embodi merseriBad iR EhRAYeRiRla RO e 98l hOBRRLKI Ao/ dfiS i Bt

wi t hout departing fromthe scope present 1 nventi on.
reLhod of Cankiaky o Bl B G55SR TR GO il Perfom 2
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 sou-rce 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.
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including a main nenory connected to a CPU (Central Processing Unit)

t hrough a system bus, conprising the steps of: detecting a CPU request for
access to data included in a data bl ock being DMVA-transferred; and -EDECZME“
allowing the CPU to access the requested data by perform ng an operation

of the CPU ceagmgst in preference over the DVA transfer under execution. 2.

The met hod according to claim1, wherein said detecting step conprises
detecting whether the requested data has al ready been DVA-transferred or

not; and said allowing step conprises: a first step of allowing the CPU to

access the tequeAtmdthddtaf confroiling a DAMAqDisstt daicasdenedrlyFadytrdieano
DVA-transferred; and a second step.0o sus&endi na the DMA transfer to allow
the CPU to p%ff%%%@ "E‘HBOFYe‘ﬁhE@BHY PABYIET B faja RroceSIngwysf¥Buest ed dat a

has not beeincludify b Al fBEmEE) ddinected tmgc?_gt(@%t@?%c%ﬁg%miﬁ' aim 2,

wherein said DVA control |l er conprises: irst register r storing the
nunber of ugh 2 arsdemrhusgcempeisingthe atepe 66nd regi ster for storing the

address of data ; i hRg.S QpRIL Ses:
conparing the ad%é;gggng%@%%faggefg{ gg&gg?%ﬂ%aﬁ ﬁ&@ﬁ%gggggggaol%@c ng

unt r ansf er reMAdtansébred;mad fromthe first and second registers to detect
if there is a ch. [R W 150727. doc: 15. 4. The net hod accordi ng
to claim2 or SEMItngitE{e\sr’?itgt 8D rrggp@wgata@dm [BYNgéiiveen t he CPU
and the sységmtioisopild CRUGe§@se Ml pfifeRncé 8V the TPMA 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 a
second register for storing the address of data under DMA transfer; 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.

[RALIBW]50727.doc:RMM 15



causing the DVA controller to forward the requested data to the CPU;, and
resum ng the suspended DVA transfer. 5. The nmethod according to claim2 or

3, wherein said DVA controller is connected to the CPU and the nain mebBEQ 2005
t hrough the system bus and said second step conprises: requesting the CPU

to retry access 1o th -untransferred data; suspending the DVA transfer
under executi on 'i"]ae mﬁq%wépgttﬂ@f}am’e%% + whergin saidd?MA cpBtreler iset r i es

access to thindafedbetibed BRUTPUGNINEE SYSBRNIRGAIRId F@éb?lfdesrteﬁfter the CPU

accesses the DMA-transferred data. 6.” An apparatus for controlling a _
menory-to- eAPRSBVA transfer in a data processing systemincluding a main

menory conn a S em bus, .C i 81 nNg...means for

det ec%/i ng a&%%rtéglw #J%lﬁt%algeggggo%arﬁiﬁ%rq%gﬁﬁgéﬁrt?{? f}eg?mpg, W ock bei ng
DMVA-t r ansf erswtlingthd siepairicdddMeA bransfieg t he CPU to access the requested
data by performng an operation of the CPU request in preference over the
DVA transfer under execution. 7. The apparatus according to claim®6,
wherein said detecting nmeans includes neans for detecting that the
requested data is DMA-untransferred and said allow ng neans includes:
nmeans for OWVA-t rBismsthadasconding éoobdmetiondt whenesf said MMa bontralbet is means

1 50727. doc- AP 15060 HECBbERE e BE oty T LER e sSSP ¢ ur ¢ her
conpri si ng: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.

0. 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:

means for detecting a CPU request for access to data included in a data
block being DM A-transferred; and

means for allowing the CPU to access the requested data by performing
an operation of the CPU request in preference over 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.

[RALIBW]50727.doc:RMM 16



a first register for storing the number of DVMA-untransferred data; and a
second register for storing an address of data under DMVA transfer, \M'gegg! ﬂJUS
sai d detecting means includes neans for conparing the address of the
requested data with an address of DMA-untransferred data obtained from the
first and sgcond. registers to detect j{ there is a nmatch. 9. The apparatus
accordi ng t 'anyTbﬁng?ra&SaﬂcﬁB“gngéo s,alleéﬁa?wrgamnswecu ng means and
al | owi ng means ap ¢ir¢qRPREFHr B8R e himbEFbr BMALNRrardY&t &S and 0. The
appar at us accordi nlé togan; oﬁe oﬁ_cﬁglhms gPt o@%\? V\)rl1er el n Sgtlpg bl%rtlect! ng
means i s connect @detssdwegrsterfor gpuingrea addzessyoftdata buderddN A siadsfea) | owi ng

nmeans i s connect U e .m0 enory ot hrough.th syst em bus.
11. The appar at ugl%glé:eg%trsgli%n%%?%%gldrggﬁslﬁc“’\%ﬁ%meelaﬁgg%li %Plﬁﬂ?%%g ﬁ’r?ga%@%ﬁ*?s

Nt T anst or rod Sar e 12, The. Bbbar atte. aceordrng (o any one oF olaime o to
untra : : )

11, wher ei nﬁ’g fgrétﬁ%d S?F@H\grrﬁgﬁsgee%%ﬁi@ﬁtégﬂﬁé?\% Malele CPU and the system
bus. [R\LIBW50727.doc: RWM 17

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 and said
allowing means is connected to the CPU and the main memory through the

system bus.

11.  The apparatus according to claim 10, wherein said detecting 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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