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BACKGROUND OF THE INVENTION

Field of the [ "

The present invention relates to the field of computers. More
particularly, the present invention relates to an apparatus and method
for allowing legacy devices using direct memory access (“DMA”)
transfers to be moved from an Industry Standard Architecture (“ISA”)
bus to a Peripheral Component Interconnect (“PCI”) bus.

Description of Art Related fo the Inventi

In its early evolution, personal computers (“PCs”) were
configured with an Industry Standard Architecture (“ISA”) bus to
provide a communication path between a microprocessor or memory
of the PC and various input/output (“I/0”) devices such as a modem,
a floppy disk drive controller, an audio device and the like. Well
known in the industry, the ISA bus is a non-multiplexed bus typically
supporting 16-bit data and 24-bit addresses with an operating rate of
approximately 8 megahertz (“MHz"). This configuration allows an
1/0 device, coupled to the ISA bus, to perform a DMA transfer by
appropriately signaling a DMA controller (e.g., an Intel® 8237
controller) to establish a DMA channel between that particular 1/0
device and memory.

For many years, the bus architecture of the PC has remained
unchanged. However, as microprocessors became faster and more
powerful, a new bus architecture was needed to provide better system
performance of the PC. This prompted the creation of a Peripheral
Component Interconnect (“PCI”) bus which has rapidly gained
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bus by nmuatmg bus cycles. A “bus slave” only receives bus cycles
without having a capability of initiating them. These bus masters and
bus slaves may be coupled together through a number of
interconnects including card slots.

Currently, as shown in Figure 1, a PC 100 comprises a central
processing unit (“CPU") 105, main memory 110 (e.g., random access
memory “RAM”, read only memory “ROM”, cache, etc.) and two
distinct buses, namely a PCI bus 120 and an ISA bus 130. More
specifically, the CPU 105 and main memory 110 are coupled to a
system controller 115, preferably a memory controller, which is
coupled to a PCI bus 120 having the characteristics discussed above.
The PCI bus 120 is coupled to an ISA bus 130 through a PCI-ISA bridge
125 to establish a communication path between a number of 1/0
devices 135, coupled to the ISA bus 130, and the CPU 105 or main
memory 110.

Well known in the industry, the PCI-ISA bridge 125 includes,
among other things, two DMA controllers (e.g., Intel® 8237
controllers), two interrupt controllers and timing mechanisms (not
shown). This PCEFISA bridge 125 allows the I/O devices 135, for
example volatile memory (e.g., EEPROM) 140 and a Super 1/0 145,
access to the main memory 110. The Super I/0 145 is an interface for a
real-time clock, devices coupled through parallel and serial ports and a
floppy disk drive controller which is able to request DMA transfers as
shown by data paths 146-149, respectively. The I/O devices 135 further
include other I/O devices 100 like audio devices which can request
DMA transfers and “J” card siots 155 (where “J” is an arbitrary whole



-2-- . acceptance in the conputer industry. The PCl bus is a multipl exed

32- bit bus configured to operate at a rate of approximtely 33 MHz.
Unli ke the | SA bus which supports DVA transfers through DVA channel s,
the PCl bus i syge#idioei - mast er bus which all ows one bus PCTIOSV6/2493d O
~control one or nore bus slaves. A "bus naster" is a device (e.qg.,

m cr oprocessor, nenory, an |/ O devi ce, etc.) which controls a bus by
initiating bus cycles. A "bus slave" only receives bus cycles wi t hout
having a capability of initiating them These bus masters and bus

sl aves may be coupl ed together through a Winber of |nterconnects

I ncl udi ng card slots Curr thn ure 1, a PC 100
conpri'ses a cent r Apmber) for,popnecting, 3 "l'fﬁfefn(a% ;eL & 110
(e.g., random accether devxcemhxshynammaymagsmﬁ meﬂmlﬁmlnw cache,
etc.) .and two di stinct buses, nanely a PClI bus 120 and an | SA bus 130.
-Mor e speci fi cal I y],'ypidﬂy{ﬁbbﬂlwa duvites i35 conmected td iHe ISAebusdGOIcad to a

system control | e h gagéﬁ{eqi&w%& 1351R e ﬂﬂé?ﬁitﬂlév@{ an
coupled to a PCl 1p2 avi char ac%eglma scuss& ye

The P bus 120 .gm@{ﬁalm@a\lera SRt 1tagse Flch feyices e DA (£ ¥ g

125 to. establish ﬁomndqihldéarﬂcgntrplésrhaseméw eouplechtora pyotherbpard  devi ces
135, coupl ed to taed leghcyesids Bsing DMA WG ICE ifitedrintobdand slots 155pnory 110.

Vel | known in thegd 5%%91@ wose&.fg% &ak%&fdmﬂe&%wﬁ'mmnng among

other things, two ystem asec{ ap 1cal$oris) Ic:l?rtrently canzot be coupled to the

PCI bus 120 because the PCI bus 120 does not support DMA. For clarity
sake, a device, car, etc., which is coupled to the motherboard and can
perform DMA transfers, is generically referred to as a “DMA device.”
As a result, two distinct types of bus architectures currently are
required to be implemented within the PC which poses a number of
disadvantages.

One primary disadvantage is that the speed limitations
associated the ISA bus preclude certain DMA devices, which can
operate at a rate greater than 8 MHz, from operating at their optimal
level. Collectively, this precludes the PC from achieving its optimum
operating speed. Another disadvantage is that it is more costly for
computer manufacturers to support two different types of bus
architectures instead of a single bus architecture. Yet another
disadvantage is that it is confusing to many computer users as to
which I/O devices are coupled to which bus types.

Therefore, it would be advantageous to develop a system which
will allow DMA devices, which have been traditionally connected to
the ISA bus, to be alternatively coupled to the PCI bus and completely
transparent to the operating software.

B RYOFT
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BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the present invention will
become apparent from the following detailed description of the
present invention in which:

Figure 1 is an illustrative block diagram of a conventional
computer system implementing both an Industry Standard
Architecture ("ISA”) bus and a Peripheral Component Interconnect
(“PCI”) bus. |

Figure 2 is an illustrative block diagram of a personal computer
having a number of 1/0 devices using DMA which are coupled to the
PCI bus instead of the ISA bus.
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Figures 6a and 6b collectively are an illustrative flowchart
incorporating the operational steps set forth in Figure 5 as well as
additional operational steps to avoid latency resulting from successive
checks in locating the DMA device.

DETAILED DESCRIPTION OF THE INVENTION

The present invention describes a system and method for
increasing the tunctionality on a PCI bus by enabling I/O devices using
DMA to be supported by the PCI bus. The following detailed
description is presented largely in terms of block diagrams and
flowcharts which clearly illustrate the present invention in detail but
does not discuss well-known circuits or process steps to avoid
unnecessarily obscuring the present invention. The flowcharts
illustrate a series of steps leading to a desired result. These steps
require physical manipulations of physical quantities in the form of
electrical or magnetic signals capable of being stored, transferred,
combined, compared or otherwise manipulated.

Referring to Figure 2, an illustrative block diagram of an
computer system 200 employing the present invention is shown. The
computer system 200 comprises a CPU 205 and a main memory
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Referring now to Figure 3, the PC1 1/O device 225 preferably
comprises a pair of DMA controllers 300 and 310, a state machine 320,
an internal storage element 340, a PCI state machine 360 and an ISA
state machine 370. The DMA controllers 300 and 310 (e.g., Intel® 8237
controllers) are coupled to a plurality of DMA Request (“DRQ”)
control lines 330 and a corresponding plurality of DMA Acknowledge
(“DACK") control lines 335. The DRQ control lines 330 are used to
signal the DMA controllers 300 and 310 that a DMA device connected
to either the ISA bus 245 or to the PCI bus 220 requests a DMA transfer
to occur and the DACK control lines 335 are used to indicate that the
DMA transfer can begin.

As further shown in Figure 3, the DMA controller 300 asserting
a first Hold Request ("HRQ1”) signal via control line 311 into the state
machine 320 upon detecting a DMA request from one of its supported
DMA devices via DRQ lines 330, namely “DRQ[3:0}”. In addition, the
DMA controller 310 asserts a second Hold Request (“HIRQ2") signal via
control line 312 into the DMA controller 300 upon detecting a DMA
request from one of its supported DMA devices through the
remaining DMA channels “DRQ[7:4]”. The DMA controllers 300 and
310 are cascaded together to operate as a collective unit by the HRQ1
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In response to asserting one of the DRQ lines, the PC11/0O
device 225 performs the DMA operation by Splitting the operation into
two PCI cycles; namely one memory cycle and one I/O cycle. For a
DMA memory read operation initiated by a DMA device coupled to
the PCI bus, the PCI I/0O device 225 (i) issues a PCI memory read cycle
and thereafter, (ii) issues an I/O write cycle with a dummy address
onto the PCI bus 220. The dummy address is not associated with any
hardware device coupled to the PCI bus 220 but is sent for the sake of
completeness 10 check whether the targeted DMA device responds to
the I/0O write cycle.

More specifically, upon receiving an asserted HRQ1 signal from
the DMA controller 300, the state machine 320 signals the PCI state
machine 360 via control line 321 to request ownership of the PCI bus
220. Upon the PCI state machine 360 receiving ownership of the PCI
bus 220 for the PCI I/O device 225, the PCI state machine 360 places a
requested memory address onto the PCI bus 220 to be received by the
main memory element (not shown) which, in response, places data
onto the PCI bus 220. The state machine 320 asserts a control signal
via control line 322 to the internal storage element 340 to receive the
data in parallel via data lines 341. The internal storage element 340
operates as a temporary buffer to store a predetermined number of bits
(e.g., 32-bits) from memory during a DMA memory read operation
and the targeted DMA device during a DMA memory write operation.
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second HLDA control line (“"HLDA2") 314 is asserted if the targeted
DMA device is supported by the DMA controller 310. Thus, the DMA
controller supporting the targeted DMA device issues a DACK signal.

Thereéfter, the state machine 320 signals the PCI state machine
360 to issue an 1/0O write cycle on the PCI bus by placing the data stored
in the internal storage element 340 and a dummy address onto the PCI
bus 220. If the targeted DMA device is coupled to the PCI bus 220, it
receives the data and the DMA transfer is completed. However, if
there is no response to the I/O write cycle indicating that targeted
DMA device is coupled to the ISA bus 245, the state machine 320
requests the ISA state machine 370 to perform multiple ISA 1/0 write
cycles which are well known in the art.

For a DMA memory write operation initiated by the targeted
DMA device coupled to the PCI bus 220, the PCI 1/O device 225 issues
an I/0 read cycle with the dummy address and then issues a PCI
memory write cycle onto the PCI bus with a memory address. These
PCI cycles prevent software from detecting that DMA operations are
not being performed by a device coupled to the ISA bus 245.

In particular, the targeted DMA device would assert its
corresponding DRQ line 330. In response, the DMA controller 300
would issue the HRQ1 signal. Upon receiving the asserted HRQ1
signal from the DMA controller 300, the state machine 320 signals the
PC] state machine 360 via control line 321 to request ownership of the
PCI bus 220. Once the PCI bus 220 is acquired, the state machine 320
asserts the HLDALI control line 313, possibly causing assertion of the
HLDAZ2 control line 314 if responding to a DRQ signal supported by
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Optionally, a location register 350 may be employed within the
PCI 1/0 device 225. In the preferred embodiment, the location register
350 is coupled to the state machine 320 through a 16-bit data bus 351
and control lines 352. At minimum, a 16-bit data bus is necessary
since the location register 350, as shown in Figure 4, is 16-bits in length
since two bits are associated with each potential DMA channel. Since
there are two DMA controllers each providing up to 4 DMA channels,
a total of 8 DMA channels (labeled “CH”) 360-367 can be supported.
However, it is contemplated that the location register 350 can be
adjusted depending on the number of DMA channels supported by
the PCI1/O device 225.

One bit corresponding to each DMA channel is an identification
bit (“IB”) which, when set (logic level “1”) indicates that the bus, on
which the targeted DMA device resides, has been previously
determined. The “identification” bit gets flushed whenever the I/O
address range of the DMA controller is written. The other bit
associated with each DMA channel is a bus bit (“BB”) which, when
cleared (logic level “0”), indicates that a targeted DMA device resides
on the PCI bus. Otherwise, if the bus bit is set (logic “1”), the targeted
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operation, the PCI I/O device requests ownership of the PCI bus by
asserting a request (“REQ") signal transmitted to a PCI bus arbiter
typically implemented within the system controller (Step 415). Upon
the PCI bus arbiter granting ownership of the PCI bus to the PCI 1/0
device by returning a grant (“GNT"”) signal, the PCI 1/O device
transmits a DMA acknowledge (“DACK?”) signal to the targeted DMA
device (Steps 420 and 425). Thereafter, the PCI1/O device issues an I/O
read cycle on the PCI bus with a dummy address (Step 430). The
dummy address is a predetermined address unavailable to any device
coupled to the PCI bus in order to prevent a device from accidentally
claiming the I/O read cycle. As a result, only the targeted DMA device
can claim the I/0 read cycle, provided the targeted DMA device is
coupled to the PCI bus.

In Step 435, a check is made as to whether the targeted DMA
device responds to the I/O read cycle within three clock cycles. If the
targeted DMA device responds thereby indicating that the targeted
DMA device is coupled to the PCI bus, the targeted DMA device
transmits data (32-bits every cycle) into the internal storage element of
the PCI 1/0 device (Step 440). After the internal storage element
becomes full or the data is the last bytes associated with the DMA write
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However, if the targeted DMA device fails to respond, the PCI I/O

device issues (i) an ISA 1/0 read cycle to the ISA bus in which the

targeted DMA device transmits data (8-bits every cycle) into the

internal storage element and thereafter (ii) issues the PCI memory

write cycle as shown through Steps 440-450.

As still shown in Figure 5, if the targeted DMA device is
requesting a DMA memory read operation, the PCI 1/O device requests
ownership of the PCI bus and awaits such ownership (Steps 455 and
460). Next, the PCI1/O device issues a PCI memory read cycle onto the
PCI bus to obtain data from main memory (Step 465). The PCI1/O
device receives this data and temporarily stores the data within the
internal storage element (Step 470). Then, the PCI I/O device
transmits an acknowledge signal (“DACK") to the targeted DMA
device (Step 475). After the internal storage element becomes full or
the data is the last bytes associated with the DMA read operation, the
PCI 1/0 device issues an I/O write cycle on the PCI bus with a dummy
address (Step 480).

In Step 485, a check is made as to whether the targeted DMA
device responds to the I/O write cycle within at most three clock
cycles. If the targeted DMA device responds thereby indicating that the
targeted DMA device is coupled to the PCI bus, the targeted DMA
device has received the data from the internal storage element and the
process continues until the all data associated with the DMA has been
transmitted to the targeted DMA device. However, as shown in Step
490, if the targeted DMA device fails to respond, the PCI I/O device
issues an ISA 1/0 write cycle to the ISA bus in which the targeted
DMA device receives 8-bits of data at a time until the internal storage
element is empty.



device 225 perforns the DVA'operation by splitting the operation into

two PCl cycles; nanely one nenory cycle and one 1/O cycle. For a DIVA
menory read operation initiated by a DVA device coupled to t he PCl

bus, the PCl M®@Y4PPce 225 (i) issues a PCl menory read cYelEsIe14939 5nq
thereafter, (ii) issues an I/Owite cycle with a dunmy address onto
the PCl bus 220. The dunmy address is not associated with any har dwar e
device coupled to the PCl bus 220 but is sent for the sake of

conpl eteness to check whether the targetd@ DVA device responds to t he
I/Owite cycle. - More specifically, upon receiving an asserted

HRQL signal from Réferriig\tocRigtires| Gacand 3D thet dperations of tecstatee 320 si gnal s
:Ee Eg: Et ate mz[&lﬁ%&@s?ﬁﬂar‘é%ﬁh%&@]sséd ﬁﬁfﬁ%%e § it RxbepitiAC! SE! p o]f
. e us - . Q e..RCl . e, machi ne cel vi.ng ‘ownership o
the PCl bus %é(%fhgﬁ”{;r{éapdfie?tf%ag i g% 0% _l’flﬁgo%ieq%‘fa&f’g _machi ne 360
pl aces a r eqlegisteriateased yo guickbyslocatn DMA levices afigrdtsdocqtion ipe recei ved

by the mai N peexoysly | dev@miingdiot shown) which, in response, places data
onto the PCl bus 220. The state machi ne 320 asserts a control signal

via control |ine 322 Agshmpiiﬂsegﬂ?k, #Ficd HROPCEI/©@8Vice3tAds the'BAEKVE ( he
operat 65 a5 a oRnaLy R iaatn ol JblEs ekl BRRCRST" )
(e.g., 32-bits) W‘tﬁﬁ‘i'%ethﬁ:"?ﬁa&%i &‘%%%FW@%&I‘%B@?’&PT@BWWW and the
t arget ed DVA devideterohimedagThis Diviiccopvplished\by theckipgrwhétber the

identification bit associated with the channel used by the targeted

DMA device is set. If it is not set, the processor continues to Step 430,

and thereafter, at Step 436 or alternately at Step 437, the appropriate

identification and bus bits are set to indicate that the targeted DMA

device is coupled to PCI or ISA bus, respectively.

Otherwise, another determination is made as to whether the
targeted DMA device is coupled to the PCI bus by determining the
logic state of the bus bit corresponding to the above-checked
identification bit (Step 427). If so, the process continues to Step 430 but
if targeted DMA device is coupled to the ISA bus, the process ignores
Steps 430 and 435 and successively performs Steps 450, 440 and 445. It
is contemplated that the same type of additional operations occur in
the event that the DMA operation is a memory read as shown in Steps
476-477 and 486-487.

The present invention described herein may be designed in
many different embodiments evident to one skilled in the art than
those described without departing from the spirit and scope of the
present invention. The invention should, therefore be measured in
terms of the claims which follow.
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necessary since two PCl cycl es arle neecHEPLAGEDper foim a DVA operati on.
Thereafter, twoshase machi ne 3207asserts—afrrst—Hol d PCTASRGME®® e dge
("HLDA1Y) control line 313 which indicates to the DVA controll er 300
that the PCl nemory read cycle has conpleted. A second HLDA contr ol
line (" wllm'ﬂ/ﬂﬁlla ﬁerted i f the targeted DMVA device is supported
by the Halirtaia A . Thus, the DVA_13- controller supporting the
targeted DVA devi ce issues a DACK signal. Thereafter, the state

machi ne 320 signals the PCl state machigyapMs 360 to issue an /O wite
cycle on the PCl %s %ylél agi.n_g t he data stored in the internal
storage el enment 3 L B ams n‘%y address onto the PC bus 220. If the
targeted DVA device is coupled to the PCl bus 220, it recei ves the
data and the DVA transfer is conpleted. However, i there is no

| f
response to the /O wgite Walel | Yo device is
coupled to the I SA bus?' 24 ?Mt g'afgﬁée&‘h g%dtndeaa%l %tgeal?%émﬂ% the | SA
state machine 37RCEsERFEF APATSET (CSRponEn, ptpreonnect @?g?%@%i ch are

wel | known in t hemaintmemory element and an electronic device coupled to the
Peripheral Componerit Interconnect bus, the apparatus comprising:

a plurality of direct memory access controllers to receive
a direct memory access request from the electronic device;

a state machine, coupled to said plurality of direct
memory access controllers, to receive said direct memory access
request from said plurality of direct memory access controllers
and to coordinate the direct memory access transfer; and

an internal storage element, coupled to said state
machine, configured to collect data during said direct memory
access transfer.

2 The apparatus according to Claim 1, wherein said state
machine coordinates the direct memory access transfer by separating
the direct memory access transfer into a memory cycle and an
input/output cycle.

3. The apparatus according to Claim 2, wherein said state
machine coordinates the direct memory access transfer by initially
determining whether the direct memory access transfer requested by

_ the electronic device is a memory read operation.

4. The apparatus according to Claim 3, wherein if the direct
memory access transfer is said memory read operation, said state
machine prompts the apparatus to (i) gain ownership of the

This Sheet Has Been Rerilaced
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For, a DVA nenory wite operation:in EFH%I H }\ eted DVA devi ce
T

coupl ed ‘to the PCl bus 220, the PCl gsues an I/ O read
cycle-with the dumry address and then_is menory wite cycle

onto th WO WP 2 nenory address. These PCl  cyc| REI/URE1A3

softmrspfbrfmqﬂﬁt DVA operations are not bei ng perfornmed by

a device Wum A bus 245. In particular, the
"ﬂ”mﬁassert its corresponding DRQ line 330. In

targeted
response, thé DVA Bong er 300 woul-g44 ssue the HRQL signal. Upon
receiving the asserted HRQL signal fromthe DVA controller 300, the

state machi ne 320 Reédpisdral Céodponent Iﬁﬁkmha&a;manicane&mta/franm@t rol line

321 to request Omﬁ{aﬁbh%nﬂ eg%nent (mﬂ;kngm 2(%9“ 9 bus 220 is
C t

acquired, the state,ma serts oI | i ne 313,

possi bl y causi ng a@S®PW ‘E#S esigna) fo the ‘ge‘i‘ﬁ_%d%"d?ﬁ? Gy P@’ma“f“?espondl ng -
to a DRQ signal sugysie oredtq:@enpheral Confp@ignt Irt@&@onnect bus by placing said

| PCT/ US96/ 14939 data and a dummy address onto the Peripheral Componéht

Interconnect bus.

5. The apparatus according to Claim 3, wherein if the direct
memory access transfer is a memory write operation, said state
machine prompts the apparatus to (i) gain ownership of the
Peripheral Component Interconnect bus, (ii) transmit a direct memory
access acknowledge signal to the electronic device, (iii) collect data
from the electronic device and (iv) perform a write cycle on the
Peripheral Component Interconnect bus by placing said data and an
address supported by the main memory element onto the Peripheral
Component Interconnect bus.

6. The apparatus according to Claim 2, wherein said
plurality of direct memory access controllers are coupled to the
electronic device via a first direct memory access channel of a plurality
of direct memory access channels.

7. The apparatus according to Claim 6 further comprising a
location register configured to indicate if the electronic device is
coupled to the Peripheral Component Interconnect bus.

8.  The apparatus according to Claim 7, wherein said
location register coupled to said state machine, said location register
includes an identification bit and a bus bit associated with each of said
plurality of direct memory access channels.

This Sheet Has Been
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DVA .controller 310, to indicate to th —controllers 300 and 310
.that they can issue a DACK signal to ISt SHERTt 184S BEPNdevi ce.  Next,
.the state machine 320 pronpts the PCl{ st at BEPEA;GHD"e 36Q to issue an

‘110 read cycl e wo étaspodummy address. TT the targeted dePCTIasS96/14939

re it places 32-bits of data at a tine into the internal storage

el ement 340 V\hlcTe‘wrlttentothe mai n nmenory elenent in the next
PCl M’ml}g . However, if the targeted DVA device does not
res mrrm ‘hat thetargeted DVA dgvice is coupled to the I SA
bus 245,° tthe 4tate nmchi ne 320 si gnal s the TSA state machi ne 370 to
control data propagatiog int Vi a
data lines 342. Once thg mt%#%ﬁfarh{htsr aﬁﬁéur?ﬁ%%?ﬁ%% |s‘q%tﬁ‘?&

state machi ne 320 &rF¢pisnfrangigrompg;Pegip E‘rﬂ"ﬁé"g@ﬁ?’f‘?}“\ﬁfﬂi s Weﬁh?a to

the main nmenory el emsintmemory element andOm ielentxbhig dexice aoupledrtorthgi st er 350

erbodi Nt L he | oL erPhear Compoptt Intéeoec Bus R apparkilt Bl L
320 through a 16-bit data b&?"%’g ermea'%fgrﬁ?fﬁvr“?#) %H‘?E'sm%‘? Ty AEefi ni mum a

16-bit data bus is necewsquest from the plectrenic devicet i on regi ster 350, as shown
in Figure 4, is 16-bits in Iseitghteans, cotpledaoisiid ddntollar meahsS@sd ated with

or ovl S?ES”ELaioDﬁmﬂaﬂﬁ%nﬂ?mﬁm* %Fg'?’éﬁéﬁt’%%ﬁ‘n 4 Phiag, 25"

"CH') 360-367 can be su | "ﬁ-ﬁ’é oofdinatin %g'fﬁ What the
| ocati on register 350 cageesdse adj ust ed dependi ng on the nunber of DIVA
channel s supported by t Reorked mleARs, dewpled ta2did state means, for collegti

Wbt ch Pahen gt Fﬁcf‘c%vgmg%i‘a B d&m A0} WSk r ang D ¢ (| !
, J location means, coup%ed to said state means, for

determining whether the electronic device is coupled to the
Peripheral Component Interconnect bus.

10. A computer system comprising

a central processing unit;

a main memory element;

a Peripheral Component Interconnect bus;

a system controller, coupled to said central processing
unit and said main memory element, connecting said
Peripheral Component Interconnect bus to said central
processing unit and said main memory element;

a plurality of electronic devices, coupled to said
Peripheral Component Interconnect bus, configured to perform
a direct memory access transfer with said main memory
element; and

a bridge device, coupled to said system controller and said
plurality of electronic devices, to support said direct memory
access transfer, said bridge device including

This Sheet Has B
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whi ch the targeted DVA device resid .EH %EEEM ously det er m ned.
The "identification" bit gets flushp %H%P Egég he T /{0 address range of

the DVA controller is witten. The pther assdciated with each DVA
channel _is a WO ("BB") whi ch, when cl eared (| ogi PCEEFAY14939" ) .
i ndi cat’WDNA devi ce resides on the PCl bus. Oherw se,

If the b ek SeoS€t (logic "1"), the targeted WO 97/ 14100

PCT/ usger/w&mmm l ﬂ Im '. - 10- 'DMVA
devi ce resi des 0y bus. O course,1guring power-on, the

| ocation register 350 i% defaulted to "0". Referring now to

Figure 5, a flowchart illustrat£plukdlity of diregpﬁé@b}pﬁ@bsss&ﬁﬁgnagrt{,or med by
the state nachine of the P V] .t DMA transfers by a
frcpiv IR ibmory apdds SRBR dogp e

“DVA device coupled to the ] | A . - AN
(hereinafter referred to asleftrenic dgyige pEspidyplurality ofplegtramiqdeviesses a DRQ
signal to the PCl 1/0 device r ensteetmadhina)oupled to ddd pluraliy d¥@irdet O devi ce

determ nes whether the tar gty Qs eithdliers, to receive said direct memory
access request from said plurality of direct memory access
controllers and to coordinate said direct memory access
transfer, and
an internal storage element, coupled to said state
machine, configured to collect data during the direct
memory access transfer.

11.  The computer system according to Claim 10, wherein
said plurality of direct memory access controllers of said bridge device
are coupled to said targeted electronic device via a first direct memory
access channel of a plurality of direct memory access channels.

12. The computer system according to Claim 11, wherein
said state machine of said bridge device coordinates said direct
memory access transfer by separating said direct memory access
transfer into a memory cycle and an input/output cycle.

13.  The computer system according to Claim 11, wherein
said state machine of said bridge device coordinates the direct memory
access transfer by initially determining whether the direct memory
access transfer requested by the targeted electronic device is 2 memory
read operation.

14. The computer system according to Claim 13, wherein if
said direct memory access transfer is said memory read operation, said

This Sheet Has Been Reﬂlaced
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i s requesting DVA read operation or a . DMA wite operation (Step 410).

This is acconplished by determ ning {THiSSAEEDWARtBEEN Pf DVA channel
bei ng used. If the targefed PMEBG I'S fequesting a DVA
menory wite woosaRfbati on, the PCl H-+o-dewvice—requests ovremodeposs the

. PCl bus by- asserting a request ("REQ') signal transmtted to a PCl bus
arbiter lcally i rrpl enented within the systemcontroller (Step 415).
Upon H &ﬁmlﬂmer granting ownership of the PCl bus to the PCl
/0O d g a grant ("GNT.) signal, the PCl 1/0O device
transmts a DIVA ackhow’ edge "DACK") . si gna1 to the targeted DVA devi ce
(Steps 420 and 425 Thereafter, the devi | ssues /.0, r ead
cycle on the PC %E‘WFP ige DIOFPIS 5 lgé%g V&S tﬁgﬁ amﬁtgnergﬁp A5

~address is a predePeriphereiCamponent IBW&%QI!“P@FH?@' (i) caHgct @latg frem said coupl ed
~to the PCl bus in &mhelméxﬁo Quaait, GiiY edhanit i difech esenisriyt abésy cl ai m ng

5theI/Oreadche can
claimthe I/0O ?/ead cyc e, fﬁ%gﬁa&u?@: t%rgﬁ%&ﬁﬁ&%%@‘\g@P erform, pl ed

to the PCl bus. a write cyde (ompenent {ntercppmect bus By whet her the

targeted DVA placinpesaid dparatd atdumm addeess eatb sayd Peripherlli n t hr ee cl ock
cycles. If the Cohffcehe thit¥bntRY bus. r esponds thereby indicating that
the targeted DVA“device is coupled to the PCl bus, the targeted DVA
devi ce transmts data (32-bits every cycle) into the internal storage
el enent of the PClI 1/0O device (Step 440). After the internal storage
el ement becones fuld. oThelrempatex systetrhaccbmding o/ ChimdSs wherdidf Wi t h t he
DMA write said direct memory access transfer is a memory write operation, said

state machine prompts the bridge device to (i) gain ownership of said
Peripheral Component Interconnect bus, (ii) transmit a direct memory
access acknowledge signal to said targeted electronic device, (iii) collect
data from said targeted electronic device and (iv) perform a write cycle
on said Peripheral Component Interconnect bus by placing said data
and an address supported by said main memory element onto said
Peripheral Component Interconnect bus.

16.  The computer system according to Claim 10, wherein
said bridge device further includes a location register configured to
indicate if said targeted electronic device is coupled to said Peripheral
Component Interconnect bus.

17.  The computer system according to Claim 16, wherein
said location register, coupled to said state machine, includes an
identification bit and a bus bit associated with each of said plurality of
direct memory access channels.

18. A computer system comprising
processing means for processing information;

"This Sheet Has Been Relilaced
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\F()\gT%/S ég/lgg%g ' ‘ THIS SHEET HAS BEEN | .- oper at i on
‘mmw RECRAGER cvcid 1o wite the

the targeted DVA device issues a PCl
data stored | WQ¥B4Mt ernal storage elenent into menory  PCYEROEUs)

Thlwﬁuntll all the data associated wth the DVMA wite

operatlon has smtted to main nenory. However, if the targeted
1“‘"@’” spond, the PCl 1/0 device issues (i) an ISAI1/0O

r ead " mmm@rbus in which the -18targeted DVA device transnits

data (8-Bits eversy Gycle) into the I nt.ernal storage el enent and

thereafter (ii) issues the ohi@horyemeays for storing said\infoemasioshown t hrough

Steps 440-450. - b ¢ réans for Wehﬂ\gﬁh%ihﬁtiﬁn ueiwééheatt [Raict ed DVA
device is requesti 384 Jrenor % per at | on, devi ce
requests owner shi p° P{‘PfES ntﬁiés ﬁ\%a‘f' uﬂ?%ershl p (Steps 455 °
and 460). Next, the PCiconralletampans, reupled ttaszmtlprmmg meanslangcl e onto
the PCl bus to obtgid niéddryftheifis)Ror toRRsrdiny s4idi s MbMms-to 5 PCl 1/ 0
device receives this 5@.1[ data within the
I nternal storage el emgﬁxI g‘(‘%{}%‘)&‘ggg‘g %141& ﬂﬁ%’ﬁ&g’%&%hﬁl O devi ce
: ce means, coup. ed to said bus means, for performing
a direct memory access transfer with said memory means; and
bridge means, coupled to said controller means and said
device means, for supporting said direct memory access
transfer, said bridge means includes

direct memory access controller means for
receiving a direct memory access request from said device
means,

state means, coupled to said direct memory access
controller means, for receiving said direct memory access
request from said controller means and to coordinate the
direct memory access, and

storage means, coupled to said state means, for
collecting data from said memory means during a
memory read operation of said direct memory access
transfer and alternatively from said electronic means
during a memory write operation of said direct memory
access transfer.

19. A method for supporting a direct memory access transfer
on a Peripheral Component Interconnect bus between 2 main
memory element and an electronic device, the method comprising
the steps of:

(1) detecting a direct memory access request from the
electronic device; and

(2) separating a direct memory access transfer into a
memory cycle and an input/output cycle.

This Sheet Has Been R
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transnits mnmml“)mﬁmmﬂlgnal » DACKE DVA devi ce
(Step 475) nal storageg éﬂ%r&ﬁ&ET HEASOBEEN f ul | or the data
is the | ast byfes associ ated with the DVA rRERLAGEDr ati op, the PCl 1/0
~devi ce i ssues wosh4dmorite cycle on the PO DUSwth HunMPLCT/US6/1a9%dr eSS

- (Step 480). In Step 485, a check is nade as to whether the '
target ed DVA device responds to the I/Owite cycle wthin at npst

t hree cl ock cycles. If the targeted DVA devi ce responds thereby

i ndicating that the targeted DVA devicg.is coupled to the PCl bus,. the
targeted DMA . device has received the data fromthe internal storage

el enent and -the - pr%ess ? Scchibih tétef%@%‘@%amat ed with

t he DMA has been ransm to t e ta ge evi ce. However, as
shown in Step sepgrating step. 2 MeFRM devi ce fails to respond, the PC
| / O device i ssues an | Sdetefrainimg whether saidtdirech nen®ky doeess requiestch t he

targeted DVA devi Ces f&%&ﬂ&?n&n@r&%e&ﬁsﬁﬁrﬂa tread, W HEReiN M dalid t he

nternal storage el GIRNL o3P IR requestis fof Shid Hirkéd Ddmory access
memory read then

(a) obtaining ownership of the Peripheral Component
Interconnect bus,

(b) collecting data from the main memory element
into a storage element, |

(c) transferring a direct memory access acknowledge
signal to the electronic device, and

(d) performing an input/output write cycle by placing
said data and a dummy address onto the Peripheral
Component Interconnect bus.

21.  The method according to claim 20, wherein if said direct
memory access request is determined to be a direct memory access
memory write during said determining step, said determining step
further includes the steps of

(e) obtaining ownership of the Peripheral Component

Interconnect bus;

(f) transferring a direct memory access acknowledge
signal to the electronic device;

(g) performing an input/output read cycle with a dummy
address onto the Peripheral Component Interconnect bus;

(h) collecting data from the electronic device and storing
said data within said storage element; and

(i) performing a write cycle with a memory address on
the Peripheral Component Interconnect bus.
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-12- . Referring to Figures erations of the

state machine are simlar tothos S UFEEJGHASIEEEN ure 5 with the

exception that flag bits (i.e., "lident REPEABRION" afd "bus" bi ts:;gt of the
N wpsy00 RCTP

| ocation r are used to qui ckly | ocate Diikdevi c S
location is  previousty determ ned. As shown in Step 426,

after ﬂ e sends the DACK signal to the targeted DVA
“devi ce, n'ﬁm'"a'm”fmw!@ is made as to whet her the | ocation of the
targeted DVA dew Ce been previously -20deternined. This is

acconpl i shed by checki ng whet her the - identification bit associated with

the channel used by t he2Z ar Jtheevethod abiviédithg\to olaiins1% etherdif priorits thwot set
the processor cont gtggga) rtgeg.gewggnﬁ,nsm g Blakéfaedreal ter, at Step 436 or

alternately at Ste r.opr dentl |cat|cn and hus bits
& ¥ isther a locafiog ob M CIeaTRe Aerts P or

are set to indicate that théi
| SA bus, respectively. hasbeen PreVlou(h’h‘éﬁmf@é, wémm-mfrsawbtc@ammas on is made
as to whether the t suegatienkifdd devi ce is coupled to the PCl bus by

determ ning the | ogic state % g;% ‘E&f Fggmgldggmgqst he

above- checked identificatio | t ess
continues to Step 430 but °°“P£dt BZ 3‘38 Q‘FPSEQ‘FSI"Y?B et 945 t he 1 SA
bus, the process ignores wl&reps 430 and 435 and successively perforns

Sélgps_ 450|, 440 and 445. It s COfjeeftpiniigeslep (@Blif ticelsiBhid AR
w0l g 817 9610 o N e i ©
- bus and setting appropriate bits within a location
register to store a location of the electronic device
for a subsequent direct memory access transfer if
the electronic device is coupled to the Peripheral
Component Interconnect bus, and alternatively
performing multiple input/output write
cycles if the electronic device is coupled to an
Industry Standard Architecture bus.

23.  The method according to claim 22, wherein after
transferring said direct memory access acknowledge signal to the
electronic device and before performing said input/output read cycle,
the method comprising the steps of:

determining whether a location of the electronic device
has been previously identified, wherein if said location has
been identified
determining whether the electronic device is
coupled to the Peripheral Component Interconnect bus,
wherein
performing said input/output cycle if the
electronic device is coupled to the Peripheral
Component Interconnect bus and setting
appropriate bits within a location register to store a
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The spresent invention described herein y be designed in many

di'f ferent ‘embodi ments evident to one skKTHISSSHEET HAS BEEN [t han t hose
descri_bed without departing fromthe spirit ﬁgpgA@Eij)pe off t he pr esent

i nvention. Thewdwadieoon shoul d, ther efore~be—reasted—iin pcTatwé@sof t he
clainms which foll ow - 13-

CLAI V5™ Wrat—t+s—clained is: 1. An apparatus configured to support

a d|r access transfer on a multiplexed bus between a main nmenory
el ene m&mﬂ ”upmc device, the appazft us conpri sing: a
pluralityec ry access control I &8s capable of receiving a d| rect

Nenory access request fromthe el Cutornoor}'tﬁe eiaeciromcccﬂvpce%gr ggugsgguwl tipl exed

bus; direct memory access transfer if the electronic
device is coupled to the Peripheral Component
Interconnect bus, and alternatively
performing multiple input/output read
cycles if the electronic device is coupled to an
Industry Standard Architecture bus.
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a state machine coupled to the plurality of direct nmenory access
controllers, the state nmachine coordinating the direct nenory access
transfer upon webvpmidong that the plurality of direct nmenorpcaussass9
controllers have received the direct nmenory access request; and an
internal storage el enent. coupled to said state machine, the interna

- storage el enent collecting data during the direct nmenory access transfer.
2. The apparatus according to Caimg8, wherein the state nmachine

. coordinating the direct nenory access transfer by separating the direct.
“menory access transfer into a nenory cycle and an input/output cycle.

3. The apparatus according to Caim2, wherein the state machine
coordinating the direct nenory access transf er by initially determ ning
whet her the direct nmenory access transfer requested by the electronic
device is a nenory read operation. 4. The apparatus according to
Claim3, wherein if the direct nenory access transfer is the menory read
operation, the state nFjgj ronpts the apparatus to (i) gain ownership of
the mul ti pl exed bus, ( col/l ect data s main menory el enment, (iii)
transmt a direct nennﬂ%laﬂkess acknowl signal to the electronic

1o : ST |- 115
MRy K conmmoLLeR

R .

15 Pei-isn CARD CARD
00— BRIDGE stor 1) """ | storx
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o i ’
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-14- device, and (iv) performa'wite cycle on the nultlplexed bus by
pl aci ng the data and a dunmy address onto the nultipl exed bus.

The appar at uswdefaei ng to Claim2, wherein if the di rect ROIMSSEN4BICESS
transfer is a nenory wite operation, the state machine pronpts the
apparatus to (i) gain ownership of the Peripheral Conponent |nterconnect
bus, (ii) transmt a direct nenory access acknow edge signal to the

el ectronic device, (iii) collect datadgomthe electronic device and (ivV)
performa wite cycle on the Peripheral Conponent Interconnect bus by

pl aci ng the data and an address supported by the nmain nenory el enent onto
- the Peripheral Conponent |nterconnect bus. 6. The appar at us
according to Claim2, wherein the plurality of direct nmenory access

controllers are coupled to the
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el-ectTONIT device via a first direct menory access channel of a plurality

~of direct nenory access channel s. 7. The apparatus according to
Claim®6 fur §_m§mpri sing a location register indicati nCTPS®AEMIY| ectronic
device is ¢ ed to the Peripheral Conponent |nterconnect bus. 8

_The apparatus according to Caim?7, wherein the l'ocation register coupled
‘to the state machine, the location register includes an identification bit
and a bus bit associated with each of plurality of direct nmenory access
channel s. 9. . .An apparatus configured to support a direct nenory
-access transfer on a Peripheral Conponent Interconnect. bus between a main
menory el enent” and an el ectronic deviece coupled to the Peripheral Conponent
I nt erconnect bus, the apparatus conpri sing:

TARCETED WA DEVICE |- 405 FIG. 5
ISSUES A DRO SIGNAL. |~

is 455
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- 15- - controller neans-for 'receiving a direct nmenory access request
fromthe el ectronic device coupled to the Peripheral Conmponent |nterconnect
bus; st nkRans for receiving the direct menory acREHES%¥est from
the plurality of controller nmeans and for coordinating the direct nenory

- access, the state means being coupled to the controller neans;

storage neans for collecting data during the direct nmenory access transfer,
t he storage neans being coupled to the‘f te means; and | ocati on
means for determ ning whether the el ectt’0nic device is coupled to the
‘Peripheral Conponent Interconnect bus, the |ocation neans being coupled to

the state neans. 10. A conputer system conprising ' a main
menory el ement; a Peripheral ‘Conponen{ $met §r connect bus; a
plurality of electronic devi ces coupl ed to theg Peripheral Conponent

| nt erconnect bus, the y of el ectjrmrpiren olewivice$ -iygscl udes a first

el ectroni c device belﬁg e of requdqdSSUESd MO 8I6ME¢t nenory access
transfer; at | east one control line coupyed tgythe first electronic
devi ce; and a bridge device coupled tesgrdghin rrermry el enent and

further coupled to the first el ectroni cd@eioeorthra

AHHIG:YREAD

415~ PCI 1/0 DEVICE MAKES REQUEST FOR
OWNERSHIP (REQ) OF THE PCI BUS.

f
420~ PCI 1/0 DEVICE RECEIVES GRANT
OF OWNERSHIP (GNT) T0 PCI BUS,

{

425-| PCI 1/0 DEVICE SENDS DACK
|SIGNAL TO TARGETED DMA DEVICE,

THE TARGETED DMA
DEVICE COUPLED 1O THE
PCl BUs

430~} THE PC1 1/0 DEVICE ISSUES AN 1/0 READ
CYCLE ON PCI BUS WITH DUMMY ADDRESS.

437
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.. DEVICE IS COUPLED 10 THE PCI BUS.
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M0~  coueer oA IV
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'
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comtrot~—TiTie, the bridge device-enables the direct nenory access transfer
fo be perfornmed between the first electronic device and the main nmenory

el enent . The conputer system according to C BEFUSEMRherein
sai d plurali W’Jfl I'rect menory access controllers of said bridge device
.are coupled to the first electronic device via a first direct nenory access
channel of a plurality of direct nenory access channel s.

-16- - 12. The conputer system acc§rﬂi ng to Claim1l, wherein the
state machi ne of the bridge device coor ( ates the direct nmenory access
transfer by separating the direct nmenory access transfer into a nenory
cycle and an input/output cycle. - 13. The conputer system according
to daim1ll, wherein the _ '

455
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F7C1 65t> : ‘E%%EH%Vﬁlﬂﬂ

i
460~ PCT 1/0 DEVICE RECEIVES
ONT T0 THE PCT BUS.
)
465~ PCI 1/0 DEVICE SENDS
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DATA FROM MAIN MEMORY IN
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475~ PCI 1/0 DEVICE SENDS DACK SIGNAL
70 THE TARGETED DMA DEVICE,
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state machi ne of the bri dge device coordinates the direct nenory-agos. glft.u;
, transfer by initially determ ning whether the direct nenory accé'?t 579( -
~requested by the first electronic device is a nenory read oper at
. 14,  The conputer systemaccording to O aim 13, wherein if the direct
| mehory access transfer is the nmenory read operation, the - §
. pronpts the bridge device to (i) gain ownership of the Perip
-~ Interconnect bus, (ii) collect data fromthe main nenory ele ﬂ @”",
- transmt a direct nmenory access acknow edge_signal to the first e
| device and (iv) performa wite cycle on t#é Per i pheral Conponent
| nterconnect bus by placing the data and a dummy address onto the
Peripheral Conponent’ Interconnect bus. CLAIMS 15. The conputer system
according to C ayRatds ¢ W?ﬁfeﬂi% if the direct nenory access transfer is a
nmenory wite operation, the state machine pronpts the bridge device to (i)
gai n ownership of the Peri pheral Corrponent I nterconnect bus, (ii) transmt
a direct nenmory access ackpow edge sign to the first eI ectroni c devi ce,
(iii) collect data frbm t HANfARRATARISLA desupporha direct mempoy m a
\évri te Cécl e ogdtaheeé?;euraﬂkl’erainm Rijteked Bi@'Bé@WEﬁ;ita ﬂét&tﬁt’etxﬁbt?ﬁeléinéﬁle
ata and an addr [t el enent onto
Peri pher al @m&%@ﬁﬁ%ﬁ%&%ﬁ&f appa:rraetus C¥Jmpnsmg
a plurality of direct memory access controllers capable of
receiving a direct memory access request from the electronic device
- coupled to the multiplexed bus;
Ny a state machine coupled to the plurality of direct memory access
controllers, the state machine coordinating the direct memory access
transfer upon detecting that the plurality of direct memory access
controllers have received the direct memory access request; and
an internal storage element coupled to said state machine, the
internal storage element collecting data during the direct memory
access transfer.

2. The apparatus according to Claim 28, wherein the state
machine coordinating the direct memory access transfer by separating
the direct memory access transfer into a memory cycle and an
input/output cycle.

3. The apparatus according to Claim 2, wherein the state
‘machine coordinating the direct memory access transfer by initially
determining whether the direct memory access transfer requested by
the electronic device is a memory read operation.

4. The apparatus according to Claim 3, wherein if the direct
memory access transfer is the memory read operation, the state
machine prompts the apparatus to (i) gain ownership of the
multiplexed bus, (ii) collect data from the main memory element, (iii)
transmit a direct memory access acknowledge signal to the electronic

AMENDED SHEET (ARTICLE 19)



-17- - 16. The conputer systemaccording to C aim 10, V\/né'rel'ﬁwwa(l‘f (J
br-i dge device further includes a |location register configured t |M¢| p?q7
if the first electronic device is coupled to the Peripheral Corrponen

| nt er connect bus. 17. The conputer system according to Caiml16,
wherein the | ocation register, coupled to the state machin

identification bit and a bus bit associated with each of tﬁ“l“"ﬂ“ﬂlﬂﬂum |“|
direct nenory access channels. 18. A conputer systemconpiding *
processi ng neans for processing information; menory neans for storing
said information,; bus nmeans for tra%‘ferrlng i nformati on between at

| east said processing neans and said nmenory nmeans, said bus means including
a Peripheral Cdepmeesand(in)gperforma wirite cycle on the multlplexed bus by

placing the data and a dummy address onto the multiplexed bus.

5. The apparatus according to Claim 2, wherein if the direct
memory access transfer is a memory write operation, the state
machine prompts the apparatus to (i) gain ownership of the
Peripheral Component Interconnect bus, (ii) transmit a direct memory
access acknowledge signal to the electronic device, (iii) collect data
from the electronic device and (iv) perform a write cycle on the
Peripheral Component Interconnect bus by placing the data and an
address supported by the main memory element onto the Peripheral
Component Interconnect bus.

6. The apparatus according to Claim 2, wherein the
plurality of direct memory access controllers are coupled to the
electronic device via a first direct memory access channel of a plurahty
of direct memory access channels.

v 7. The apparatus-according to Claim 6 further comprising a
location register indicating if the electronic device is coupled to the
Peripheral Component Interconnect bus.

8. The apparatus according to Claim 7, wherein the location
register coupled to the state machine, the location register includes an
identification bit and a bus bit associated with each of the plurality of
direct memory access channels.

797 An apparatus configured to support a direct memory
access transfer on a Peripheral Component Interconnect bus between a
main memory element and an electronic device coupled to the
Peripheral Component Interconnect bus, the apparatus comprising:

AMENDED SHEET (ARTICLE 19)



controller nmeans for connecting said bus neans to said proceslsl Hol rfehnd ‘ahd4 |
said nenory neans, said controller neans being coupled to said Mq@‘i?

means and said menory means; ~device means for perform.ng a direct

nmenory access transfer WI"[h said nenory neans, s_ald devi ce nmeans being
Controller means and sai d device means. for Supporting said) ﬂmnuﬂummmm
S

access transfer, said bridge nmeans includes _ di r éct ¢ nehormy
access controller nmeans for receiving a -15- di rect menory access request
fromsaid devi ce neans, state neans for receiving said direct
‘menory access re t from al d control lL,er neans and to coordinate
the di rect e fRTOller Joieans For receiing, A difect memP Fottsest eqiess o

di rect némnyttmceles&onmdewicbmbulﬂed] $o the®Peripheral Comporértr age neans
for collecting Iggérg g@gd menory means during a nenory read
operation of sal |re merfory

-18- ' state means for receiving the direct memory access request from

the plurality of controller means and for coordinating the direct
memory access, the state means being coupled to the controller means;

storage means for collecting data during the direct memory
access transfer, the storage means being coupled to the state means;
and _

location means for determining whether the electronic device
is coupled to the Peripheral Component Interconnect bus, the locahon
means being coupled to the state means.

10. A computer system comprising

a main memory element;

a Peripheral Component Interconnect bus;

a plurality of electronic devices coupled to the Peripheral
Component Interconnect bus, the plurality of electronic devices
includes a first electronic device being capable of requesting a direct
memory access transfer;

at least one control line coupled to the first electromc device;
and

a bridge device coupled to said main memory element and
further coupled to the first electronic device through the at least one
control line, the bridge device enables the direct mermory access '
transfer to be performed between the first electronic device and the
main memory element.

~~ H.  The computer system according to Claim 10, wherein
said plurality of direct memory access controllers of said bridge device
are coupled to the first electronic device via a first direct memory
access channel of a plurality of direct memory access channels.
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f ‘("/V‘/('/\‘r|>|

aiseess memory wite ol Lernat ively framsald el cctron o mears /i
s

transfer, said storage neans being coupled to said s%/ate neans. MA’L( (667

190 A rret hod for performng a direct menory access transfer ov

Peri pheral Conponent |nterconnect bus, the nethod conpri 5|

(1) detecting a direct nenory access request froma el ect mm B#g'ﬁm'”"l

coupled directly to the Peripheral Conponent I|nterconnect Bus¢

(2) servicing the direct nenory access reglégst by perform ng the direct

menory access transfer between a nenory el enent and the el ectronic device.

20. The et hod accar dpng tn;&é@awpﬁ% sy ofding @FORAA 11 wheRinithe! udes

t he st eps of rmnin 4 I Lec access request [ S

for a direct maﬁ‘t’?ﬁ?la g ofd gqagevmé;ogpquaﬁesgg\eod tRemAlyo, y
access request hgcds8trarsfér ﬁy @@ﬁiramgmhﬁ Mﬁemﬁyhrcmmmnto a

performn thefollovmn a) obtai ni ng owner

t he Peri pﬁer al ﬁ?de arld an mPHf/&‘EBHﬁgxflet()u)s ) S?Ibl)o °

col | ecting datafromthe mai n nmenory el enent ' into a storage

el-enment, . (c) transferring a direct menpory access acknow edge
13. e computer system according to Claim 11, wherein the

state machine of the bridge device coordinates the direct memory
access transfer by initially determining whether the direct memory
e ‘access transfer requested by the first electronic device is a memory read
e operation.

14. The computer system according to Claim 13, wherein if -
the direct memory access transfer is the memory read opeiation, the -
state machine prompts the bridge device to (i) gain ownership of the
Peripheral Component Interconnect bus, (i) collect data from the
main memory element, (iii) transmit a direct memory access
acknowledge signal to the first electronic device and (iv) perform a
write cycle on the Peripheral Component Interconnect bus by placing
the data and a dummy address onto the Peripheral Component

Interconnect bus.

15. The computer system according to Claim 13, wherein if
the direct memory access transfer is a memory write operation, the
state machine prompts the bridge device to (i) gain ownership of the
Peripheral Component Interconnect bus, (ii) transmit a direct memory

. access acknowledge signal to the first electronic device, (iii) collect data

_ from the first electronic device and (iv) perform a write cycle on the
Peripheral Component Interconnect bus by placing the data and an
address supported by the main memory element onto the Peripheral
Component Interconnect bus. '
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. A/
signal to the electronic device, and (d) perfo ’ 'r\(
. input/output wite cycle by placing said data and a c‘?nm?ng"
~onto the Peripheral - Conponent | nterconnect bus. The
. met hod according to claim 20, wherein if said direct marmm

i_i:gfietﬁ;m)p;dv\;?t gedﬁridingrgeg;i geg[e)[gr%orc]?ﬁ; step, said deter’m’"mmulmmmm"

further includes the steps of (e) obtaining ownership of
~ Peripheral Conponent |nterconnect bus; -17- (f) transferring a dlrect
nmenory access acknow edge signal to the el ectroni c devi ce; (9)

performng an inpullggl PUryeeasinbutdrsydtdd RcOHHiK to Claim 10, wherein the
bridge device further includes a location register configured to indicate
if the first electronic device is coupled to the Peripheral Component
Interconnect bus.

17.  The computer system according to Claim 16, wherein the
location register, coupled to the state machine, includes an
_identification bit and a bus bit associated with each of the plurality of
™, direct memory access channels.

18. A computer system comprising
processing means for processing information;
memory means for storing said information;
bus means for transferring information between at least said
processing means and said memory means, said bus means including
a Peripheral Component Interconnect bus;
controller means for connecting said bus means to said
processing means and said memory means, said controller means
_ being coupled to said processing means and said memory means;
device means for performing a direct memory access transfer
with said memory means, said device means being coupled to said bus
means; and
bridge means, coupled to said controller means and said device
means, for supporting said direct memory access transfer, said bridge
means includes .
| direct memory access controller means for receiving a
direct memory access request from said device means,
state means for receiving said direct memory access
-~ request from said controller means and to coordinate the direct:
memory access, said state means being coupled to said direct
memory access controller means, and
storage means for collecting data from said memory
means during a memory read operation of said direct memory

AMENDER SHEET (ARTICLE 19) -



address onto the Peripheral Conponent I|nterconnect bus; u%b‘n)"'“ l‘f‘l)

collecting data fromthe el ectronic device and storing said amt
said storage el enment; and (i) performing a wite cycle th amem)ry
address on the Peripheral Conponent I|nterconnect bus. The

met hod according to claim 20, wherein prior to the step (d), the met hod
conprising the steps of determ ni ng whether a | ocat
el ectroni c device has been previously identified, wherei n”mmullmﬁuuutulm

has been identified det er mi ni ng whether the el ectronic devicd i§
coupl ed to the Peripheral Corrponent | nt erconnect bus, wherein

performng step (d).if th ctro deV|ce|s coupledto . t he
Peri pheral Conponent? ‘fcﬁ%?’@&ﬁ&'é' gte from said elecipgniopreanse bit s

within a location redurihgra treembdny wmdopaﬁneﬂ offsaid direct hﬁrﬁbﬂ%&&gﬂsc

ol et roni ¢ dovi oo | SRt A sRiHBe Pafhiitacing coupled & 3silatpte memBeconnect

bus, and alternatively performng multiple input/output wite
cycl es if the el ectronic device is coupled to an | ndustry Standard
Architecture bus. 19. Aomethod fer pexforming additéatgnemory siccesstraméfer ei n

after transferrgwg §pegigﬂei-ﬁccoﬂ.&m{%tqﬁ gnﬁ%égwdgﬂpﬁp siHyy! to the

el ectroni c devi ce and, before per orm-ng sai read cycle, the
met hod conpri siSPEPHEING

(1) detectmg a dlrect memory access request from a electronic
P device coupled directly to the Peripheral Component Interconnect
At - bus; and |
(2) servicing the direct memory access request by performmg the
direct memory access transfer between a memory element and the
electronic device. -

20. The method accordmg to claim 31, wherexn said
separatmg step includes the steps of
determining whether said direct memory access request is for a
direct memory access memory read, wherein if said direct memory
access request is for said direct memory access memory read then,
| performing the following steps:
(a) obtaining ownership of the Peripheral Component
Interconnect bus,
(b) collecting data from the main memory element
into a storage element, :
(c) transferring a direct memory access acknowledge
signal to the electronic device, and
(d) performing an input/output write cycle by placing
_ said data and a dummy address onto the Peripheral
* Component Interconnect bus.

21.  The method according to claim 20, wherein if said direct
memory access request is determined to be a direct memory access

AMENDED SHEET (ARTICLE 19)



- 20- - determ ning whether a location of the el ectroniclddyicel yasr \/ l,
been previously identified, wherein if said |ocation has been {§entd i ¥d 19¢°
determ ni ng whether the electronic device is .coupled to the Peripheral

Conponent | nterconnect bus, wherein performng said

. input/output cycle if the electronic . device is coupled to the
Peri pheral Conponent I nterconnect bus and setti ng“mm“mmﬂmum
wi-thin a location register to store a |l ocation of !
device for a subsequent direct menory. access transfer®if-tfe > .
el ectronic device is coupled to the “#Eri pheral Conponent | nterconnect
bus, and alternatively _performng multiple input/output read

cycles if the memory sriteoduringsaid determining step, saxh determining stepndar d
Architecture bugyrther includéé the Stepggfem conpri sing:
(e) obtaining ownership of the Peripheral Component
Interconnect bus; | |
(f) transferring a direct memory access acknowledge signal to
the electronic device;
() performing an input/output read cycle with a dummy
address onto the Peripheral Component Interconnect bus;
(h) collecting data from the electronic device and storing said
o data within said storage element; and
(i) performing a write cycle with a memory address on the
Peripheral Component Interconnect bus.

. .22,  The method according to claim 20, wherein prior to the
step (d), the method comprising the steps of: |
determining whether a location of the electronic device has
been previdusly identified, wherein if said location has been identified
determining whether the electronic device is coupled to the
Peripheral Component Interconnect bus, wherein
_ : performing step (d) if the electronic device is coupled to
the Peripheral Component Interconnect bus and setting
appropriate bits within a location register to store a location of
the electronic device for a subsequent direct memory access
transfer if the electronic device is coupled to the Peripheral
Component Interconnect bus, and alternatively
performing multiple input/output write cycles if the
electronic device is coupled to an Industry Standard
Architecture bus. |

-

23. The method according to claim 22, wherein after
transferring said direct memory access acknowledge signal to the
. electronic device and before performing said input/output read cycle,
- the method comprising the steps of: '

$MENDED SHEET (ARTICLE 19)



a rre}mry el enent ; a mul tipl exed bus; a direct ménpty~“d & d {
(QVA) device coupled to the nultiplexed bus; and a bri cﬂﬁ cﬁ Pid 1937
the nultiplexed bus and the DVA device, the bridge device supports a direct

- menory access transfer between the nenory el enent and the DVA devi ce.
- 25! The system according to claim?24, wherein t he mul ti pl m“um mﬂﬂ
. a Peripheral Conponent I|nterconnect bus. ' The E H“IH m
. to claim24 further conprising a systemcontroll er coupl ed to botth t*hes *
- menory el ement and the nultipl exed bus tapgupport communications between
- the DVA device and the nmenory el ement through the bridge.
- 21- - - determining whether a location of the electronic device has
been previously identified, wherein if said location has been identified
determining whether the electronic device is coupled to the
Peripheral Component Interconnect bus, wherein
performing said input/output cycle if the electronic
device is coupled to the Peripheral Component Interconnect
bus and setting appropriate bits within a location register to
store a location of the electronic device for a subsequent direct
memory access transfer if the electronic device is coupled to the
Peripheral Component Interconnect bus, and alternatively
performing multiple input/output read cycles if the
electronic device is coupled to an Industry Standard
Architecture bus.

24. A system comprising:
a memory element;
a multiplexed bus;
a direct memory access (DMA) device coupled to the
multiplexed bus; and
_ a bridge coupled to the multiplexed bus and the DMA device,
| the bridge device supports a direct memory access transfer between the
memory element and the DMA device.

25. The system according to claim 24, wherein the
multiplexed bus includes a Peripheral Component Interconnect bus.

26. The system according to claim 24 further comprising a
' system controller coupled to both the memory element and the
multiplexed bus to support communications between the DMA
device and the memory element through the bridge.

AMENDED SHEET (ARTICLE 19)



' Jio
- 27 The system according to claim24, wherein the at |east o e COE'E;‘ ? l7)
line coupl ed bet ween the DMVA device and the bridge is dedicat ddto por\gg

conmmruni cations solely between the DVA device and the mam)%
28’ The apparatus according to claim1, wherein the nultiplexe

i ncl udes a Peripheral Conponent |nterconnect bus. m

system according to claim10, wherein the bridge device in mm Iﬂ-,m Im
plurality of direct nmenory access controllers that receive the dive

menory access request fromthe first el ecttdnic device; a state

machi ne coupled to said plurality of direct nenory access controllers, the,
state machi ne coordi n2l.es The s¢stent according toclaine24,r whefein théleewteCtl ng

renory acbess r e Senefbl R BRBY bBRTEST aie DMA 4&Vile aRETRE RIS |, °C e
state machine, tdedicated toasupport apmmunicationsciclelyt betueeen ther DMA tdevice r ect

. menory access trﬁmsftﬁé memory eleﬁ@ The conputer system according.to Caim
10 further conprisin ntral processing unit; and a system

controller coupled to t he central processing unit and

28.  The apparatus according to claim 1, wherein the
multiplexed bus includes a Peripheral Component Interconnect bus.

S 29. The computer system according to claim 10, wherem the
bridge device including:

a plurality of direct memory access controllers that receive the
direct memory access request from the first electronic device; .

a state machine coupled to said plurality of direct memory -
access controllers, the state machine coordinates the direct memory
access transfer upon detecting that the plurality of direct memory
access controllers received the direct memory access request; and

an internal storage element coupled to the state machine, the
internal storage element collects data during the direct memory access
transfer.

30. The computer system accordmg to Claim 10 further
comprising:
a central processing unit; and
a system controller coupled to the central processing unit and
the main memory element, the system controller assisting to establish
a communication path between the memory element and the first
~ electronic device.

31.  The method according to claim 19, wherein the servicing
step includes the step of separating a direct memory access transfer
into a memory cycle and an input/output cycle.

AMENDED SHEET (ARTICLE 10)



transfer

gl‘Te main nenory el enent, the system cont
communi cation path between the nenory el
‘The nmethod according to claim19, whergRiie

31.

servicing step ipgiudes thewsﬁsmmﬁﬁwmuﬁwect me
cycl e and an™ B8t put cycl e. :
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(57) Abstract

An

and method for enabling a Peripheral Component Interconnect (“PCI*) bus (220) to support direct memory access

apparatus
("DMA") tranfers (230a). The apparatus comprises a plurality of DMA controllers (230a-230n), a state machine (360) and an intemal
storage element (340). The plurality of DMA controllers (230a-230n) transfers DMA requests for an electronic device to the state machine
(360) and DMA acknowledges from the state machine (360) to the electronic device. The state machine (360) controls the DMA transfer
by performing two transactions for each DMA transfer: namely, a memory cycle and an input/output cycle. The internal storage element

(340) acts as a buffer for this multiple cycle DMA transfer.




