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ARCHI TECTURE * Backgr ound of the lnvention b
The present imvention rel ates to bus to bus interfaces in conputer 5
systens, and nore particularly to inproved arbitration control |ogic and
met hod for arbity acbieg-ontrol of buses in a dual bus architecture

conmput er system Generally in conmputer systens and especially

i n personal conputer systens, data is transferred between various
system devi ces such as a 10 ARGEWRETAN %’F%ﬁlﬁ‘g&? g‘g E¥STErenory devi ces,
and direct nenory access (Dvh) “controllers dEtlon, data is
transferred between expansion el enents such as input/output (1/0

devi ces, and between these I/0O Belekgi ofithe Ihventioni ous syst em devi ces.

The 1/ 0 devi ces and t heheSyrebanm inventil@viel s Conims MoClatscintktfaceanth advpagst
each other over sCoyPUher aRUSES, patbicuidbiy o Q@?wedsa%msaroh%snml aendugior s
al ong whi ch I nf or fRLIANGL S, rbltraélr\%amslt S plde O AN b S YR RbcSpUI CES 1O

any of several destln tio ny of the system devices and t
devi ces are capable se V|ng as bus controllers (|. - devrces mhlch
can control the conputer system and bus slaves (i.e., elenments which

are controll ed by bus ¢svaraldy pErcslyputer systems and especially in personal computer
systems, data is transferred between various system devices such as a

10 central processing unit (CPU), memory devices, and direct memory access
(DMA) controllers. In addition, data is transferred between expansipn_
elements such as input/output (I/0) devices, and between these I/0
devices and the various system devices. The I/0 devices and the system
devices communicate with and amongst each other over computer buses,

15 which comprise a series of conductors along which information is
transmitted from any of several sources to any of several destinations.
Many of the system devices and the I/0 devices are capable of serving as
bus controllers (i.e., devices which can control the computer system) and

bus slaves (i.e., elements which are controlled by bus controllers).

20 Perscnal computer systems having more than one bus are known.
Typically, a local bus is provided over which the CPU communicates with
cache memory or a memory controller, and a system I/O bus is provided
over which system bus devices such as the DMA controller, or the I/0
devices, communicate with the system memory via the memory controller.

25 The system 1/0 bus comprises a system bus and an I/0 bus connected by a
bus interface unit. The I/0 devices communicate with one another over
the I/0 bus. The I/0 dévices are also typically required to communicate
with system bus devicés such as system memory. Such communications must
travel over both the I/0 bus and the system bus through the bus interface

30 unit.

Often in computér systems it is necessary for expansion devices to
arbitrate for ownership of the I/0 bus of the computer system; i.e., to
decide which expansion device may transfer inférmation via the I/0 bus.
It is known to provide an arbiter which determines which expansion device

35 may transfer information via the I/O bus, i.e., which allocates the bus.
Such an arbiter serves as a central arbitration control point (CACP) via

which all arbitration for the I/0 bus occurs.



20 * Personal conputer systems having nore than one bus are known.
Typically, a local bus is provided over which the
cache nmenory or a nmenory controller, and a system K]
over which system bus devices such as the DVA contr :
devi ces, communicate with the system nenory via the-h ot rorrer.. 25
The system |/ O bussceamypraoses a system bus angl an 1/ 0O bus connected by a
bus interface unit. The 1/0O devices conmuni cate with one anot her over
the 1/0 bus. The 1/0O devices are al so typi callg required to conmuni cate
with system bus devi ce%hesThbugsorsiasee i oAyl "Su‘t"r’rt%(‘fih’ﬁhrﬁ"&aﬁapcfﬁsb“ﬁust
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I nformati on V|athe nown to prowde an arbiter which

det erm nes whi ch expansion device 35 nmy transfer information via the 1/0
bus, i.e., which al | océf%devitps mysonly initdpfermenpryarespiokyvrdly GEden e £Y8EMt r al
arbitration contr olempyi durifgGACRIbivéragrant mydei. c ISuch b mgthofl taf ateirtal fxbitrebieon| / O
bus occurs. imposes performance limitations on dual bus architecture cemputer systemsThe
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arbitration cycl es) expansi'on devi ces’ conp for ownership of the 1/0

bus. Duri ng gr ant cycl es, a devi ce which has won ownership of the bus,
transfers informati on. It is an object of the present invention, then, to provide an

SREHT—eai-ss=wi=th

arbitration system and method for a dual bus computer architecture system

which simultaneously permits (i) arbitration between a CPU and 1/0

devices contending for control of I/0 bus and (ii) completion of an I/0
15 controller device read or write operation to system memory or a CPU write

operation to expansion memory on an I/O slave device.

Summary of the Invention
According to the present invention there is provided a computer

system, comprising system memory, a memory controller for controlling

20 access to system memory, said system memory and said memory controller
connected by a memory bus, a central processing unit electrically
connected with said memory controller, said central processing unit able
to read and write data to said system memory over said memo}y bus, a bus
interface unit electrically connected to said memory controller by a

25 system bus and electrically connected to a plurality of input/output
devices by an input/output bus, said input/output devices able to
initiate 'read and write operations over said input/output bus, said bus
interface unit able to sense when said one of said input/output devices
has completed a read or write operation over said input/output bus, said

30 bus interface unit includihg a buffer circuit wherein read and write data
transferred between said system bus and said input/output bus over said
bus interface unit is temporarily stored during the transfer and a
central arbitration control point residing on“said system bus, which
serially performs (i) arbitration cycles wherein said central arbitration

35 controller arbitrates between said plurality.of'input/output devices and
said central processing unit to determine which of said input/output

devices or said central processing unit should be granted control of said
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/O deVices' may only initiate menory read or wite cycles to system menory
during an arbiter grant nod. Such a nethod of seri
performance limtations on dual bus architecture
the tine required to separately performarbitrati
wite cycles whi mﬁﬁ¥&gcur only during an; arbit 22s J
SUMWARY OF THE | It is an object of the present invention to
anel iorate one or nore di sadvantages of the prior art. According to

one aspect of the ;presanbud Med @9) tgbﬁrtecycﬁespmvéﬂegla c@.wmyh%ma&m em
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plurality of inputpkeistgramtinedessic cFSopayataiy ténaiitiond)t flithebely, pesitddata
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of providing system memory and a memory controller for controlling access

“to system memory, said system memory and said memory controller connected
by a memory Eu§, providing a central processing unit electrically
connected with said memory controller, said central processing unit able

15 to read and write data to said system memory over said memory bus,
providing a bus interface unit electrically connected to said memory
controller by a system bus and electrically connected to a plurality of
input/output devices by an input/output bus, said input/output devices
able to initiate read and write operations over said input/output bus,

20 said bus interface unit able to sense when said one of said input/output
devices has completed a read or write operation over said input/output
bus, said bus interface unit including a buffer circuit wherein read and
write data transferred between said system bus and said input/output bus
over said bus interface unit is temporarily stored during the transfer,

25 providing a central arbitration control point on said system bus which
serially performs (i) arbitration cycles wherein said centrél arbitration
controller arbitrates between said plurality of input/output devices and
said central processing unit to determine which of said input/output
devices or said central processing unit should be granted control of said

30 input/output bus and (ii) grant cycles wherein said central arbitration
controller grants control of said input/output bus and extends control of
said system bus to one of said input/output devices or said central
processing unit, controlling said central arbitration control point at
least in part by arbitration control logic in response to a predetermined

35 set of operating conditions, to thereby transfer data simultaneously with

central arbitration.

The arbitration control logic operates under three prescribed
conditions. Under the first condition, an I/0 device desires to write

data to system memory. After completion of an arbitration cycle, the

This Sheet Has Been Replaced




wite operations is tenporarily stored during the transfer; a central
arbitration control point residing on said systeny®
performing (i) arbitration cycles wherein said cep
point arbitrates, between input/output devices havwfr jagies Pendiing for
access to said |nput %f ut bus, to determ ne whi cr—ot ' .
devi ces should be 2d° control of sai d input/output bus and (|

cycl es wherein sald central arbitration control point grants control of

sai d i nput/out put al arb&tratlon control point grants control of the I/O bus (and 3ne bus

and extends control, s%f B 917 5 PP palirtste G0 O 61 o dIPHL! OB Yo fENLEeS:

and bus arbitrati 8h ¢ ace un
which is responsi vé“’ttba*zis Br é’dé‘t°é? HFHEFYSHSE O SISPEY BP gV IUSR AT § |t8'??§ratrbly
permt sinultaneoustaeddnrbufitess dh the Jous gptsrfacatungh ’e%,felreeBﬂBy vgiiter éent r al
arbitrati on conts Olsyqren memarpd $inkd thomyd édviionmaf radbguish rasdlest biet Wden
sai d buffer circui bufBd sfficthes Yk Ok NREREIe OMEE S icbhta IS buFiFedad daddl vhitg

conpl etion of sai ds{:ﬁilq'\egés i Ibg G PREL Q;dmoﬂle buffers AGQQ@}L-M nter@nOt her
aspect of the present invention there is provided a nethod of arbitrating

bet ween i nput/ out put devi ces residing. on an input/out bus-for control of
P P Although the I/O dé%lce may relinguish conerol of the I}b bég tl of o

must remain in control of the system bus (via the bus interface unit) to

10 complete the write transfer of the buffered data over the system bus to
system memory. The arbitration control logic .in the bus interface unit
recognizes this condition and activates a CACP override signal to the
CACP requesting that it retain control of the system bus. Accordingly,
the central arbitration control point begins a new the arbitration cycle

15 simultaneousiy while the buffered write data from the I/O device is
transferred to system memory. Upon completing the buffered write
transfers, the CACP override signal is deactivated allowing the CACP to
complete arbitration and grant the I/0 bus.

The second condition under which the arbitration control logic in
20 the bus interface unit operates occurs when an I/0 device desires to read
data from system memory. After completion of an arbitration cycle, the
central arbitration control point grants control of the I/O bus (and the
system bus via the bus interface unit) to the I/0 device. The I/0 device
1n1t1ates one or more read cycles to system memory. The buffers in the
25 bus interface unit are continually filled with prefetched data having
addresses contiguous to those previously read. Once the I/0 device has
read the last byte of data from the buffers it may relinquish control of
the I/0 bus and thus the prefetched data is not needed. Thus, the
buffers in the bus interface unit must be reset, effectively removing

30 this unnecessary data.

Although the 1/0 device may relinquish control of the I/0 bus at
any time, it must remain in control of the system bus (via the bus
interface unit) until the current transfer of, data from system memory to
the bus interface unit has been completed. The arbitration control lodic

35 in the bus interface unit recognizes this condition and activates a CACP
override signal to the CACP fequesting that it retain control of the
system bus until the last prefetch operation is completed and the buffers
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sai d |nput/out put bus in a conputer system said system further corrprl si ng
system nenory and a nenory controll er connected by affeErory—p =
interface unit connected at one end to said input/ou pUI"S g
other end to said memory controller by a system bus, |isai d REP!
arbitration conpri gidig, l.he steps of: perforrging an arbriration cycle wth
a central arbitration control point residing on said system bus wherein
said central arbitration control point arbitrates between input/output

devi ces requestingiRGREDEs liftestc uniPUEd pdsepUt adabtRidy dehekdhithra Whi ch of
said input/out put gyl Ges, 8 ledpolzﬁt GRS § het Wbt s R dnl BOUYbQUL PUT
bus; perfor m ng a grrg?f,ang L%léy whi eetE-A?egag S egf)a%gqltng.tacom£§eq:es t ;[IIQ?Q: COQttfl’Cg)

poi nt grants contr§ u ends sai d
system bus to one @erabion ﬁ‘?fbﬁ’(sltﬂhf“ﬁ?.?fy °6"é’vfh€e%ys e B R A°rEador wite
operation wth shai duidaes-of said i nput/output devices to said system nenory
over said input/output bus, said bus interface unit, and said nenory bus;
tenporarily storing in e bmifeEonaitionliidet Rhidi theldibitration fcag@olimbdic rimad or

wite data transfepd gek RRLWRRD i SLe%A/t%L QRBYShANT Fadell deBRdl duoh!lap Uhe DUS
over said bus int er;lﬁls lﬁ ctoPltFrbl %QCH}.QGS St%l';l rﬂu?%&@d§ﬂp§segy?&ttead’api ttg %L|198

cycl e sinultaneous 19 at aMttrans en sal d
buffer circuit and §V&F‘Ela§§/’§‘9é‘ﬁ1%§ Fy"o §r LEE AFEFRITBUE M 8F @npl et e

said read or w it e2BpEFHEPOAICIE n theeSPoTR e PL AP éd‘étt"élr ﬁ’i”r‘i‘écﬁ"’%’étts Wperol

operating conditi @fghe system bus {and the I/0 bus via the bus interface unit) to the

system device which initiates its write cycle to the I/0 device via the

system bus to I/0 bus translation logic.

The system bus to I/0 bus translation logic provides a buffer

15 wherein data destined to be written from a system device such as the CPU
to expansion memory on an I/O slave device is temporarily stored before
being written to the I/0 slave device. 'After the last transfer of data
is buffered in the translation logic, the system bus is no longer needed.
The CPU and the bus interface unit indicate that they are finished with

20 the system bus. At this point, the central arbitration controller may go
into arbitration on the I/0 bus even though the data buffered in the
traﬁslation logic must still be written to the I/0 device over the I1/0
bus. This situation is possible because, unlike I/0 devices, the CPU may
write to an I/0 device during either the arbitration or graht modes of

25 the centrai arbitration controller.

The arbitration control loéic in the bus interface unit recognizes
this condition and activates a CACP override signal to the CACP
requesting that it retain control of the I/0 bus until the last byte of
buffered data is written to the I/0 device. Accordingly, the central

30 arbitration controller conducts the arbitration cycle simultaneously
while the data buffered in the translation 1og1c is written to the I/0

device.

Brief Description of the Drawings
Figure 1 is a schematic block diagram of a computer system
35 incorporating a bus interface unit constructed according to the

principles of the present invention;
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According to still another aspect of the present invention there is
provided a conputer system conprising: systemnenory and a nenory
control’ler for controlling -

-4- access thereto, said systemnenory and said nenory controller
connect-ed by a nenory bus; a system device electrically connected with
sai d nmenory contro?PPet % bus interface unft electrically connected to a
plurality of input/output devices by an input/output bus and to said

menory controller by a_system bus, saj.d t em devi_c ble. to initiate
wite operations to g’é‘%{‘ﬁe ?nlﬁu?/%ﬁ’fff‘%df bgé%‘l %lea oG 8’52}?“5 YEaTH B °%sai d
bus interface unit®nP"PuteqiSE R Gt BUEPut bus, said bus interface unit
including a buffer circuit wherein wite data transferred between said
system bus and sai d i npiduteut pué sbhedaidv dlogadidgbnSofi tHeerfFa®@fisnide theChnki NQ
said wite operatietfacd anpos@aFighse 34 ored during the transfer; a central
arbitration control point residing on said systembus for serially

performing (i) arbitrakigp. QVA! e50aMELAL M SALH £ Lil, BLBLLT L 00
control point arbitrates between sal d i Aput’ o t pu evl ces avi ng
requests pendi ng fBFeHeEe¥E Y BE InpRft / out put bus to deternine which of

sai d I nput/ out put devices should be granted control of said input/output
bus and (ii ) gr ant Figure 5 is a circuit diagram of one embodiment of the arbitration

control logic implemented in the bus interface unit of Figure 1. .

Detailed Description of the Preferred Embodiment

10 Referring first to Figure 1, a computer system shown generally at
10 comprises system board 12 and processor complex 14. Processor complex
includes processor portion 16 and base portion 18 connected at processor
local bus 20 via local bus connector 22. Processor portion 16 operates

at 50 MHz and base portion 18 operates at 40 MHz.

15 System board 12 includes interleaved system memories 24 and 26 and
input/output (I/0) devices 28. Communications between memories 24 and 26
and processor complex 14 are handled by memory bus 30, and communications
between 1/0 devices 28 and processor complex 14 are carried by I/O bus
32. Communications between I/0 devices and memories 24 and 26 are

20 handled by I/0 bus 32, system bus 76 and memory bus 30. I/0 bus 32 may
conform to MICRO CHANNEL# computer architecture. Memory bus 30 and I/0
bus 32 are connected to processor complex base portion 18 via processor
complex_connector 34. I/0 devices such as memory expansion devices may -
be connected to the computer system 10 via I/O bus 32. System board 12

25 may also include convéntional video circuitry, timing circuitry, keyboard
control circuitry and interrupt circuitry (none of which are shown) which
may be used by computer system 10 during normal operation.

Processor portion 16 of processor complex 14 includes central
processing unit (CPU) 38 which, in the preferred embodiment, is a 32-bit
30 microprocessor available from Intel, Inc. under. the trade designation
i486. Processor portion 16 also includes static random access memory
(SRAM) 40, cache control module 42, frequency control module 44, address
buffer 46 and data buffer 48. Local bus 20 comprises data information

path 50, address information path 52 and control information path 54.



cycles wherein said central arbitration control point grants control of
sai d i nput/ out put bus and extends control of said systembus to one of
sai d i nput/output devices; and bus arbitration control logic included in
said bus interface unit which permts sinultaneous occurrence of (i)
arbitration cycl egehyisabd central arbitratizon control point and (ii)
conpletion of data transfer between said buffer circuit and said
I nput / out put devi ce over sai d i nput/output bus during conpletion of said
wite operation. pata infOEka@idili ga@nd 60 Std blovdattiieeaspect, Ghat he apd asant
i nvention there i gupdep\UsdedadiessBlebAdeRh R §F ald POvhRbWReReh MR 3EOUL pUt
devices residing QQuan.qhBRY L, &L%tan*a:fgieg bufRPL4E0! cQerSAl Lol MRS, SHEPUL
8
Il

bus in a conputer system .sajd sSyst rther c rising,.. s em nenory and
a nenory control | 55? acf%r’i’%’é?egad ‘Totf/")‘/eé’ cﬁr’? y‘-:af)tfs?c’“g% “5’%15{1}342 f‘%‘f%‘?efq‘é%‘éyuni t

connected at ong EAMTPH MY 4 npAdttigrpdt Bl SntPdatontivd BEERtIGARAS sai d
menory control | er aygy provdgest katvden scackeatehtradt tpdefleot2 ard$RAMAY- on conpri si ng
the steps of: performng an arbitration cycle with a central arbitration
control point residi NgsrAR 48 Frvidsy 8 LRABRDEH VIR Q1 dtoSiay AnCaBEY BérmakeRbdy at i on
control point arbijtERLAS oD NEARmd NBMELOMPHEs e £E5 FRAUEShIA0 AGREFS 1O
sai d i nput /out put wpul.'lc% {so g:%%e%ronr;‘ Qelwh%hceo%s.satladhe Iccerygll r(n)o"é'g.\f)euxlz devi ces
shoul d be granted control of sal d i npuet/lou ;PUt us, performng a .
10 incorporates random access memory (RAM) 56 which stores addreéss locations
of memories 24 and 26. CPU 38 may access information cached in SRAM 40
directly over the local bus 20. Frequency control module 44 synchronizes
operation of the 50 Mhz processor portion 16 with the 40 MhZ base portion
18 and also controls the operation of buffers 46 and 48. Accordingly,
15 frequency control module 44 determines the times at which information is
captured by buffers 46 and 48 or the times at which information that is
stored in these buffers is overwritten. Buffers 46 and 48 are configured
to allow two writes from memories 24 and 26 to be stored simultaneously
therein. Buffers 46 and 48 are bi-directional, i.e., they are capable of
20 latching information which is provided by the CPU 38 and information
which is provided to the CPU. Because buffers 46 and 48 are bi-
directional, processor portion 16 of the processor complex 14 may be

replaced or upgraded while maintaining a standard base portion 18.

Base portion 18 includes memory controller 58, direct\memory access

25 (DMA) controller 60, central arbitration control point (CACP) circuit 62,
bus interface unit 64 and buffer/error correction code (ECC) circuit 66.
Base portion 18 also includes driver circuit 68, read only memory (ROM)
70, self test circuit 72 and buffer 74. System bus 76 comprises a data
information path 78, and address information path 80 and a control

30 information path 82. The data information path connects buffer 74 with
bus interface unit 64; bus interface unit 64 with DMA controller 60 and
buffer/ECC circuit 66; and buffer/ECC circuit 66 with system memories 24
and 26. The address information path and the control information path
each connect memory controller 58 with DMA controller 60 and bus

35 interface unit 64; and bus interface unit 64 ;ith buffer 74.

Memory controller 58 resides on both CPU local bus 20 and system
bus 76, and provides the CPU 38, the DMA controller 60 or bus interface



grant cycle wherein said central arbitration control point grants control
of said input/output bus and extends control of said systembus to an

i nput/out put device; initiating a wite operation with a system device
attached to said systembus to one of said input/output- devices over said
menory bus, said %; 9|1rbt,agrface unit, and saigd input/output bus;
terrporarlly storing i'n a buffer ci rcwt in said bus interface unit wite
data transferred between said system bus and sai d input/output bus over

said bus interfagg;ugk t(on @aﬁlp%ff QI ifb Ny fe APSE M6 Mes AL AR IRRGYL LE
si mul t aneousl y. Wt hd tz'@ v1a Febt I %pou%h dl?‘etmgd\} r(ﬂlQ?Jl?gr E)éet.l.x\ﬁggte§a§ygteFUf Fer

circuit and said one “of sal out put

$ I ces ovg said | negt

bus to conpl ete s&YP¥RG eﬁrt"\/\ﬁ feé‘ fojefciar: 26 over Rt BF I hg TG sti|l |
anot her aspect of DUR@IpY e¥sérnt '“?“ﬁ%ﬁ’(‘ilan ef"r‘i‘éf &hs §P‘bP§va'tfer"‘a?P“t’éﬁlb‘?rt $%er on
mechani sm f or ab bibus dbterfadeeinie 6h (omhelrald 9f At 1/Qeder Eces28) e dicAgFSo¥P an

| nput/ out put bus fsgste@omridrabs 04 asdiiz€l vid pedolp ebpurdllbri$si nTie Chvals bus
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1

memory controller 58 and memory bus

For CPU 38 to I/O bus 32 read or write cycles, address information
is checked against system memory address boundaries. If the address
information corresponds to an 1/0 expansion memory address or I/0 port
address, then memory controller 58 initiates an I/0 memory cycle or I/0

15 port cycle with an I/0 device 28 (via bus interface unit 64) over the I/0
bus 32. During a CPU to I/0 memory cycle or I/O port cycle, the address
which is provided to memory controller 58 is transmitted from system bus
76 to I/O bus 32 via bus interface unit 64 which resides intermediate
these two buses. The I/0 device 28 which includes the expansion memory

20 -to which the address corresponds receives the memory address from I/O bus
32. DMA controller 60 and the bus interface unit 64 control the
interchange of information between system memories 24 and 26 and
expansion memory which is incorporated into an I/O device 28. DMA
controller 60 also provides three functions on behalf of processor

25 complex 14. First, the DMA controller 60 utilizes a small ;omputer
subsystem control block (SCB) architecture to configure DMA channels,
thus avoiding the necessity of using programmed I/0 to configure the DMA
channels. Second, DMA controller provides a buffering function to
optimize transfers between slow memory expansion devices and the

30 typically faster system memory. Third, DMA controller 60 provides an
eight channel, 32-bit, direct system memory access function. When
providing the direct system memory access function, DMA controller 60 may
function in either of two modes. In a first mode, DMA controller 60
functions in a prograﬁmed 1/0 mode in which the DMA controller is

35 functionally a slave to the CPU 38. 1In a second mode, DMA controller 60
itself functions as a system bus master, in which DMA controller 60
arbitrates for and controls I/0 bus 32. During this second mode, DMA
controller 60 uses a first in, first out (FIF0) register circuit.



conprising” a central arbitration control point residing on said system bus
for serially performng (i) arbitration cycles wherein said central
arbitration control point arbitrates between input/output devices having
requests pending for access to said input/output bus to determ ne which of
sai d input/output desbteseshould be granted gontrol of said input/output
bus and (ii) grant cycles wherein said central arbitration control point
grants control of said input/output bus and extends control of said system
bus to one of said i npaty eikcpid eZlEwiceBds sa dheisarbitkertbacke UnA toret@aéd,i cal |y

connected to sai d APITREYce BENLEHRELIBEr DIhaSEe b6 V(G E QBdaUmgaiyd RLAGLY.I Cakd Y
connected to said cﬂQUh{ Qi‘trgé&queé@bgﬁ-&lm{ (ior?@bfj sh#ﬁgﬁt /fPoHtMtcoQ%né d

i nput/ out put devices ab | at e ons. to and fro

e ni
sai d system menory " over °§‘éﬁf&“" gotF olft uf bUs Iwgﬁ"dcaﬁ‘ an r#f%eﬂ'”e{‘éé BHR and
said system bus® &a7igeHly F??F'é’tlf‘a‘ée” Arbee 32 fef dhe r’r@"géhtﬂﬁf‘flé? dgyirg (yhich
wherein read or w itherdraterlan demiss aiklerrtiot soobrelsei thesl/6tkem bus and sai d
i nput /out put bus over said bus interface unit during said read or wite
operations is tenporar idr¥vest Qr&dt d8rdrbgiabd1Cordtt ANSIeBFmat AhnUSidress
-5A- arbitration ¢aatfQlod AGhGehdt§! dEd11eD A RUS hiibelet 3aCaldnist Whi ch
permts siml taneOHrlver circuit 68 drives this information based upon the number of single
10 in-line memory modules (SIMMs) which are used to construct system
memories 24 and 26. Thus, driver circuit 68 varies the signal intensity
of the control and address information which is provided to system

memories 24 and 26 based upon the size of these memories.

Buffer circuit 74 provides amplification and isolation between
15 processor complex base portion 18 and system board 12. Buffer circuit 74
utilizes buffers which permit the capture of boundary information between
I/0 bus 32 and bus interface unit 64 in real time. Accordingly, if
computer system 10 experiences a failure condition, buffer circuit 74 may
be accessed by a computer repair person to determine the information
20 which was present at connector 34 upon failure of the systen.

ROM 70 configures the system 10 upon power-up by initially placing
in system memory data from expansion memory. Self test circuit 72, which
is connected to a plurality of locations within base portioh 18, provides
a plurality of self test features. Self test circuit 72 accesses buffer

25 circuit 74 to determine if failure cénditions exist, and also tests the
o;her major components of base portion 18 upon power-up of the system 10

to determine whether the system is ready for operation.

- Referring to Figure 2, a schematic block diagram of the bus
interface unit 64 of the system of Figure 1 is shown. Bus interface unit
30 64 provides the basis for implementation of the present invention by
providing a bi-directional high speed interface between system bus 76 and
I/0 bus 32.

Bus interface unit 64 includes system bus driver/receiver circuit
102, I/0 bus driver/receiver circuit 104 and control logic circuits

35 electrically connected therebetween. Driver/receiver circuit 102



occurrence of (i) arbitration cycles by said central arbitration control
point and (ii) conpletion of data transfer between said buffer circuit and
said system menory over said system bus during conpletion of one of said
read or wite operations. According to yet another aspect of the
present invention tdagfse-ded provided an arbitgeati on mechani smfor
arbitrating between input/output devices residing on an input/output bus
for control of said input/output bus in a dual bus conputer system said
system further conphtBidegs&¢singMofRIEHiyh diitkcls FBIIBIsy rezoitled Glrbre thd oyHtest ed
by a menory bus, aubug dontiRr {rBeRrikit tbuf QRNLELRUEE OIS0 NEhiL Q15QHH and
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t
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i nput/out put bus tqideled edeidbisChhefigsak o thaPYb/rastzput devi ces shoul d be
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said central arbitrati of contr | _poi nt, qr antf control .of said %ut/outgut
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sai d system bus, sand csgyetenvideyilogcalibe Programmed I/0 circuit 116 is also
electrically coupled to system driver/receiver circuit 102.

The system bus to I/0 bus translation logic 106 provides the means

15 required for the DMA controller 60 or the memory controller 58 (on behalf
of CPU 38) to act as a system.bus controller to access the I/0 bus 32 and
thereby communicate with I/0 devices 28 acting as slave devices on the
I/0 bus. Translation logic 106 translates the control, address and data
lines of the system bus 76 into similar lines on the I/0 bus 32. Most

20 control signals and all address signals flow from the system bus 76 to
the I/0 bus 32 while data information flow is bi-directional. The logic
which acts as system bus slave monitors the system bus 76 and detects
cycles which are intended for the I/0 bus 32. Upon detection of such a
cycle, the system bus slave translates the timing of signalé on the

25 system bus to I/0 bus timing, initiates the cycle on the I/0 bus 32,
waits for the cycle to be completed, and terminates the cycle on the
system bus-76. . '

The I/0 bus to system bus translation logic 108 comprises system
bus address generation circuit 118, I/0 bus expected address generation
30 circuit 120, system bus controller interface 122, FIFO buffer 124, I/0
bus slave interface 126 and bus to bus pacing control logic 128. System
bus controller interface 122 suﬁports a high performance 32 bit (4 byte)
1486 burst protocol operating at 40 MHZ. Data transfers of four, eight
and sixteen bytes in burst mode and one to four bytes in no-burst mode
35 are provided. 1I/0 bus slave interface 126 monitors the I/0 bus 32 for
operations destined for slave devices on the system bus 76 and ignores
those operations destined for the I/0 bus 32. All cycles picked up by



toinitiate wite operations to said input/output devices over said system
bus, said bus interface unit and said input/output bus, said bus interface
unit including a buffer circuit wherein wite data transferred between
said system bus and said input/output bus over said bus interface unit
during said wite operation is tenporarily stored during the transfer; and
bus arbitration conidgod;-hai ¢ i ncluded in saigh bus interface unit which
permts sinmultaneous occurrence of (i) arbitration cycles by said central
arbitration control point and (ii) conpletion of data transfer between

sai d buffer circuitthanoSaistklatenpite/fatd Ped ackepdsced ovep thaiFlrad byafity oza put

bus during conpl eti g Ghcsdbg Whtlod PP aEr@N122.
-5B - BRIEF DESCRIPTIC]\ICFTHE DRAWN Figure 1 is a

schemati c bl ock di agramo ? ngut er S¥ em Jfl% rat ll&g a_bus int erface

t 3 h

unit constructed accordi *r\e %% TS RCI Pl €50 f‘ﬁ‘ resen "lvh\?én o] A
requlred or an I/O dev1ce 28 to act as an bus controller to access

5 system bus 76 and thereby read or write to system memories 24 and 26. 1In
either of these operations, an I/O device controls the I/0 bus. The
asynchronous I/0 bus interface 126, operating at the speed of the I/0
device, permits the bus interface unit 64 to act as a slave to the I/0
device controller on the I/0 bus 32 to'decode the memory address and

10 determine that the read or write cycle is destined for system memories 24
or 26. Sihultaneously, the system bus controller interface 122 permits
the bus interface unit 64 to act as a controller on the system bus 74.
The memory controller 58 (Figure 2) acts as a slave to the bus interface
unit 64, and either provides the interface 64 with data read from system

15 memory or writes data to system memory. The reads and writes to system
memory are accomplished through the FIFO buffer 124, a block diagram.of
which is illustrated in Figure 3.

As shown in Figure 3, FIFO buffer 124 is a dual ported,

asynchronous, bi-directional storage unit which provides temporary

20 storage of data information between the system and I/0 buses 76,
32. FIFO buffer 124 comprises four sixteen-byte buffers 125a-125D and
FIFO control circuit 123. The four buffers 125A-125D buffer data to and
from I/0 bus controllers and system bus slaves, thereby allowing
simultaneous operation of the I/0 bus 32 and the system bus\76. The FIFC

25 Dbuffer 124 is physically organized as two thirty-two byte buffers
(1254/125B and 125C/125D). The system bus controller interface 122 and
the I/0 bus slave interface 126 each control one thirty-two byte buffer
while the other thirty-two byte buffer operates transparent to them.
Both of the thirty-two byte buffers are utilized for read and write

30 operations. -

Each FIFO 124A, 125B, 125C, 125D has an address register section
either physically associated with the respective FIFO, or logically
associated therewith. As data is transferred.from the I/0 bus 32 to FIFO
1257, the data will be accumulated until the 16 byte buffer is filled

35 with 16 bytes of data, provided that the addresses are contiguous. If a
non-contiguous address is détected by the address action, the FIFO 125A
‘will transfer the stored data to FIFO 125C, and at the same time FIFO



BC9- 91- 090 _ 6 Figure 2 is a schematic

bl ock di agram of the bus interface unit of the conputer system of
Figure 1; Figure 3 is a schematic bl ock diagram of the FIFO
buffer of the bus Bc9-9i-eroer f ace unit of Fi gurze 2; 5 Figure 4 is a
bl ock circuit diagramof the CACP circuit and bus I nterface unit of
Figure 1; and Figure 5is a circuit diagram of one enbodi nent
of the arbitrationt258 vitoptarplto| neghive ithisl éaterfirent] thnevheorbemntiqybey ddizessuini t
of Figure 1. FIFO 125B will contibed gudteds EFecrbpuidontal ithis Pnedevitade

Enbodi ment 10 bytedef Qutd, NG okl dof-dohGuhicds Jadd@smgmé&&rteéysstxmmom
general |y at mlmﬁm t§a§§fe§yas esmgaaa@a 12 Fmdlﬁf)og é%ﬂro £R9m! %,

Processor conpl Cesso Jéort on 18

tatrtsI Do stolre da? us,Zb o 51 E'cb sgargdxﬁat F 1£2byte

connect ed at process acal nact
Processor portion Tec’ifp‘éfr é‘f”e§°"tlg“°‘h°‘t a‘@ﬁesﬁ/l-ﬁ"taa*nd base portion 18 operates at

40 MHz. 15 System board 12 includes interleaved system nenories 24
and 26 and | nput / oBlpudr, (Hy/ KvidenioCESbt8 buXeiENin ipasdlil 6N $hd) eéAaRRNand
nerori es 24 and 26uriting@#0dsRE Qg,esgnggiearaw,xenléhear@ub@m&@dnbséséfﬁm&?/ bus
30, and communi cat{QPSuous relggzto\p/e@ptel £f-deyi ces 28 and processor conplex 14
are carried by 1/0 bus . Communi cati ons bet vveen I/ O devices and
menories 24 and 26 are_20 handl ed by, I/0O bus 32, stem bus 76_and nenor

bus 30. 1/0 bus®32 may"reovE ok GPHTHIMPERS L “%dﬁ&?uf"’é’r“”a?%ﬁ%?tbé’éfteﬁre

Menory bus 30 and gertions which are coupled to other I/0 bus 32 or system bus 26, the
number of storage buffers can be increased with minimal impact on the
performance of the FIFO as related to the capacitive loading on signals
clocking data in or out of the storage registers. This is accomplished

15 because for every two buffers added (in parallel) only half the
capacitive loading is added to the loading of clock signals on each bus.

Additionally, by having two 16 byte buffers in series in each leq,
once one of the 16 byte buffers is filled with data, such as in a read
operation, the data can be transferred to the other 16 byte buffers in

20 series therewith, while the other parallel leg is accumulating data.
Hence, there is no time lost in either accumdlating data, or transferring
the data from one bus to the other.

.The logic for controlling the operation of the FIFO 124 is supplied
by FIFO Control Circuit 123,

25 A particular I/0 device 28 may write to system memories 24 or 26
via I/0 bus in bandwidths of either 1, 2 or 4 bytes (i.e., 8, 16 or 32
bits). During writes to system memory by an I/0 device 28, the first
transfer of write data is initially stored in the FIFO buffer 125A or
125B. The 1/0 bus expected address generation circuit 120 calculates the

30 next expected, or conéiguous, address. The next contiguous address is
checked against the subsequent I/0 address to verify if the subsequent
transfers are contiguous or not. If contiguous, the second byte or bytes
of write data is sent to the same FIFO buffer 125A or 125B. The FIFO .
receives data at asynchronous speeds of up to 40 megabytes per second

35 from the I/0 bus 32.



bus 32 are connected to processor conplex base portion 18 via processor
conpl ex connector 34. |1/0O devices such as nenory expansi on devices may

be connected to the conmputer system 10 via |/ O bus 32. System board 12 25
may al so include conventional video circuitry, timng circuitry, keyboard
control circuitrys@ard-enterrupt circuitry (mdne of which are shown) which
may be used by conputer system 10 during normal operation.

Processor portion 16 of processor conplex 14 includes central

processing unit (CPU) TB8 mveresh,contingdseunsibritheedutiepbddbhent2sy s 4ul32-bit 30
m cr oprocessor awaith abieebftesicikdtt & infbetionnges nbirgottiqudes dédiegnas i on

| 486. Processor p@ittdted. 16 aleSfxt NGhdk18%181 &dsubing HROBLACE @SR P RVILY

(SRAM 40, cache Aol P isf Pl e0du; ey ess
S datg@g% b r%ﬂlrelzé;n trgﬁﬂg%@ga/rtrgg%{eg 1(32@ Wigi14d,, Apdx

ocal bu ta.info t
path 50, address THtSBr PilSnf“ﬂit‘t ﬁﬁ’sipé{?\sdc%"c%ﬁ'f ot e RIS At T on bug{zﬁ %?161
BC9- 91- 090 in a single clock cycle. 7I‘he data St‘[ﬁéf‘&"itﬁﬁd’r“f&ﬁ &ﬁs wdngzsgoisar e
provi ded bet ween @®PL) vBEtteSRANY @M anquoryitia an 148f pRfsty tragsfengy rigg $ystem
i nf ormati on pat hsbusZoparai@radwspekdd Bd weaatiGRYEIFFO buffecdehaucionta wiitaodul e
42 and address bufd gfstddmerdorby @h 1/6fae¢1¥81isOthup @bitSnuous, 2%ketkaR i)y Patvead
bet ween CPU 38, cAGh&Co8E L4 1583dU)i e, 44cn2hfltihE AHEN 6 adent HAEFLR! 1280 € 44,

Addi tional ly, add s_and .control..informati i
bet ween cache con{zr%’?ﬂ r?rsr?cei‘ffll‘éeqh walnléi %Aﬁfogp rg‘%ﬁtﬁfg,data 2 B RI0LA
’ system memory. The FIFO buffer 124, then, optimizes the speed of data

writes to system memory by (i) anticipating the address of the next
likely byte of data to be written into memory and (ii) accommodating the
15 maximum speed of write data from the FIFO buffer to system memory via the

system bus 76.

During reads of data from system memory to an X/0 device 28, FIFO
buffer 124 operates differently. The system bus address generation
circuit 118 uses the initial read address to generate subsequent read

20 addresses of read data and accumulate data in buffer 125C or 125D.
Because the system bus supports transfers in bandwidths of 16 bytes wide,
the system bus controller interface 122 may prefetch 16-byte packets of
contiguous data and store it in buffers 125C or 125D without the I/O bus
32 actually providing subsequent addresses, thus reducing latency between

25 transfers. "When buffer 125C is full of prefetched data, it\transfers its
contents to buffer 1253 in one clock cycle. Buffer 125D similarly
empties into buffer 125B when full. The data in buffers 1253 and 125B
may then be read by a particular I/O device controller in bandwidths of
1, 2 or 4 bytes. 1In this way, system bus address generation circuit 118

30 functions as an increment counter until instructed to by the I/0

controller device to stop prefetching data.

Bus to bus pacing control logic 128 creates a faster access to
system memory for high speed I/O devices. The bus to bus pacing control
logic 128 overrides the normal memorylcontroller arbitration scheme of

35 system 10 by allowing an I/0 device in control of the I/0 bus 32
uninterrupted access to system memory during transfers of data by faster
devices which require multiple cycles, rather than alternating access to
the memory controller 58 between the I/0 device and the CPU. Thus, even



SRAM 40 provides a cache function by storing in short term nmenory
information fromeither system nenories 24 or 26 or from expansi on nenory
which is located on an |/ O device 28. Cache control nodule 42 10

i ncor porates random access nenory (RAM 56 which stores address |ocations
of menories 24 and 26, _(ggéJ 38 may access infqrmation cached in SRAM 40
directly over the Pocal"Bls 20. Frequency cditrol nodul e 44 synchroni zes
operation of the 50 Mhz processor portion 16 with the 40 MhZ base portion

18 and also cont rolp J IR.pRERAL R0 o RULPEA ége,gytm%ﬁ?qg?éc?&f HnlthYoe 15
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to allow two witesoftroirrhdhomenesy Pus.and 26 to be stored sinmultaneously
therein. Buffers 46 and 48 are bi-directional, i.e., they are capable of 20
l'at ching infornegion whinfprbsramea\i/oladrdayt tive ikt 3&tadidos RAObERLAR Face

whi ch is provided {0 §e R conBeALSC O Bl3: 40 Ain48e B Eorlimable within
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repl aced or upgradéed Wi FEREI A& Mrtg 4 standard base portion 18 '

Base portion 18 i né? fEE™ENDETeE GnPT 61 TEY SIS rectctHEnDT P2ativessTirse
(DVA) control | er 6@egigtays ragFingr Bhter aaliin theopistes neyerhend SREPiopmerogyt 62,
bus interface umét aétesndanged temhizhride worinegtfiemundbde iBECTsponrd.cihet 66. -
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Memory controller 28 (eSLaes2Mnlo bR 8CAL b5 aRaaN8 FYREETh6 at the

20 CPU level.

Memory address compare logic 110 determines if a memory address
corresponds to system memory or corresponds to expansion memory which is
located on I/O device 28 coupled to the I/0 bus 32. Because the system
memory as well as the expansion memory may be in non—contigﬁous blocks of

25 addresses, memory address compare logic 110 includes a plurality of
comparators which are loaded with boundary information from registers in
the proérammed I/0 circuit 116 to indicate which boundaries correspond to
which memory. After a particular memory address is compared with the
boundary information by the memory address compare logic, the bus

30 interface unit is prepared to react accordingly. For example, if an I/0
device controlling the I/0 bus 32 is reading or writing to expansion
memory, the bus interface circuit need not pass that address to the

memory controller 58, thereby saving time and memory bandwidth.

Error recovery support logic 112 permits the system 10 to continue
35 operatiohs even if a data parity error is .detected. On any read or write
access by an I/0 device 28 to system memories 24 or 26, parity of the
data is checked. Suppert logic 112 interacts with a register in the



bus 76, and provi des the CPU 38, the DVA controller 60 or bus interface

BC9-91-090 . 8 unit 64 (on behalf of an I/O
device 28) with access to system nenories 24 and 26 via nmenory bus 30.
The nenory controller 58 initiates system menory cycles to system

menories 24 and 26 over the menory bus 30. During a system nenory
cycle, either the e80°58°° t he DVA control |l er 180 or 5 bus interface unit 64
(on behalf of an I/O device 28) has access to system nenori es 24 and 26
via menory controll er 58. 3 | cat S ; ry.Vvia
| ocal bus 20, nemf§°95%mﬁf?§|(kf§?2g18t glr?dfor &BEnEIEP#%Ur %%bﬁdgrés%%%hﬁgl gPtXe
control ler 60 or bdstFHerFride iRTt BF TBH"™ ° 5é’rfaf?glf)tfr£ﬁy NS é%\?f'i? 28)
access system menpmrpenbis aRRyeRTéHiehTNE Lo SOLERr e nfRt Y @BE r &Pt EFY 8B "aNhd&C nenory

bus 30. _ prdgpammgPlgo38 High LA@Lhinse 3Py tnpuldr tharddieese et of  thaddr ess
information § S rediecdeedt agatinsta pystieRrmeNBrdetaded.cSme pumdarthes. | f the
addr ess i nf or MatdiQ0, SLY-ERANARATsten ABtdabOiftP@ISInR] VHBURDF Yo REHIRRS OF

|/ O port addre Iy rQll86 P&k i bl e e
cycl 60 110 15 podl b CReGuiil % AePY Grbtee Sk bl O 28 Bkl RLTEREY,

64) over the 1/O0 ° %%?aﬁ'i?’ “Bi¥ing a CPUto 1/0O menmory cycle or 1/0 port
cycle, the address which is provided to nenory controller 58 is
transmtted from syst erfiabesssnoopingglogs 1Y40Pes0kts3he\Aug Iptarfaast it &éetounit 64
whi ch resides i nté embiidornitiee 1/0 bishs €ort wy isesto FrandipOmgeory dg @D8IARNI ch
i ncl udes the expangksfide BRRAEplace over the I/0 bus 32. The snooping logic first
determines if the write to expansion memory occurred in expansion memory
which is cacheable in SRAM 40. If it is not cacheable expansion memory,
there is no danger of corrupt data being cached. If, however, a positive
15 compare indicates that the write occurred in cacheable expansion memory,
a cache invalidation cycle is initiated over the system bus 76. The CPU
is thus instructed to invalidate the corresponding address in SRAM 40.
Cache snooping logic 114 provides means to store the address of a
positive compare so that snooping of the I/O bus may continue immediately
20 after detection of the first positive compare, thereby permitting

continuous monitoring of the I/0 bus 32.

The present invention relates generally to the bus interface unit
64 described above and more particularly to system bus arbitration
control logic 130 (Figure 5) which is contained within the Bus interface
25 unit 64 residing intermediate the system bus 76 and the input/output bus
32 in the cbmputer system 10. The arbitration control logic interacts
with CACP circuit 62 which alternates between arbitration cycles and
grant cycles. The operation of the CACP circuit 62 is described in
copending U. S. Patent Application Serial No. 07/777,777, filed October
30 15, 1991, entitled "CONTROLLING BUS ALLOCATION USING ARBITRATION HOLD".
The arbitration control logic 130 in the bus interface unit 64 improves
the performance of the dual bus architecture computer system by
permitting arbitration. cycles by CACP circuit 62 to simultaneously
overlap memory read and write cycles by the CPU 38 or I/0 device 28.

35 Figure 4 shows the system interconnection of I/0 bus 32, system bus
76, CACP circuit 62 and bus interface unit 64.



20 t'6 whi'th the address corresponds receives the menory address from!/O
bus ~ 32. DVA controller 60 and the bus interface unit 64 control the
i nt erchange of information between system nenories 24 and 26 and

expansi on nmenory which is incorporated into an 1/0O device 28. DVA
controller 60 al soBqrgvP¥Wes three functions ¥ behalf of processor 25
conplex 14. First, the DVA controller 60 utilizes a small conputer
subsystem control block (SCB) architecture to configure DVA channels,
thus” avoi di ng the neceZ® Pyltarle fepasderrefiesintia 1t O evdotofie Brape by HBiVA
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as the arbiter forcﬁrﬁultﬁvﬁm ont. Ferf“fg ?rant mode 7}51‘& a%(%% Ybltjssgccurrln%l°f'er S “and
the CPU (if access¥ig™ 1Mo ’Hﬁw Quly) vhep K248 °"e"’63frséﬁﬂaﬂ 145 isctrdrspetpactive
arbitration controteysthgr@Fy ciycghy Ehvrriesrihe Fe¥epragd cycle- nenory control | er
58 as well as from I/ O devices, and determ nes which

15 ’ The arbitration control logic 130 operates under three prescribed

conditions. Under the first condition, an I/0O device in control of the
I/0 bus 32 writes a multiple transfer of data to system memories 24 and
26 over the I/0 and system buses 32, 76. Under the second condition, an
I/0 device in control of the I/0 bus 32 reads a multiple transfer of data

20 from system memories 24 and 26 over the I/0 and system buses. Under the
third condition, a system device such as the CPU 38 which is in control
of the system bus 76 writes data to an I/0 device acting as a slave on
the I/0 bus 32. In each of these three particular operations,
arbitration by CACP circuit 62 is permitfed to proceed before the

25 operation has gone to completion, thereby allowing simultan;ous
arbitration by CACP circuit 62 on the I/0 bus and completion of the

particular operation.

Each of the three conditions under which the arbitration control

logic 130 operates will now be explained in greater detail. Under the

30 first condition, an I/0 device 28 desires .to write data to system
memories 24 and 26. After completion of an arbitration cycle, CACP
circuit 62 grants control 6f the 1/0 bus 32 (and the system bus 76 via
the bus interface unit .64) to the I1/0 device 28. The I/0 device
initiates one or more write cycles to system memories 24 and 26 which are

35 temporarily stored in FIFO buffers 125A and/or 125B. Since 1/0 device 28
may relinguish control of 1/0 bus 32 at’ any time, the bus interface unit

may contain buffered data which still needs to be w;itten from buffers



5 devices'may control the 1/0O bus 32 and the length of tinme during which

the particular device will retain control of the 1/0O bus.

Driver circuit 68 provides control information and address i nformation
fromnmenory controller 58 to system nenories 24 and 26. Driver circuit
68 drives this informati on based upon the nunber of single 10-in-1line
menory nodul es ( SI Mvb) which are used to construct system menories 24
and 26. Thus, driver circuit 68 varies the signal intensity of the
control and address information which is provided to system menories 24
and 26 based up8Rfhd°Size of these nenortes. Buffer. circuit 74
provi des anplification and isolation between 15 processor ‘conpl ex base
portion 18 and sgsten1board-12. Buffer circuit 74 utilizes buffers

whi ch pernit thé*®aftte'TF BRUALET V21N FYY Hat B Bt s FYstem mepqitnys 32 and
bus interface urRktand4£ein real time. Accordingly, if conput er system 10
experiences a failure condition, buffer.circuit 74 may be accessed by a

conmputer repair persnlahohgl et BloNdeRecet FemdyNfedingaishOdin 231 Wi 1hB e Pr esent at
connector 34 up@p, Ayl Cen@fn INEont¥oil &Mne system bus 76 @Q\M%gqmeyguf es the.

oand) oy voed AL DAt The o, Bl G nueekloS3t CULIBADLY, data from
expanS|0n nenor ft SF f 7 ﬂ nnecte : :

plurality of |oC4t %8 theﬁl"ﬁ’“"dé?ez"pé?dt Pon e ar‘b‘rtﬁ"ifll‘d'é?“t”l ¥ ur aI ity of
sel f test featuresvatSe|lpo ipgthe ppy defierfap upttcrassgdzqsutifiarcopttionrandit 74 to
determne if faiaktivetesandiceicvnsid®xsizhyl medtalxp diestis 62 hrequestingtther maj or
conmponents of base&efhtdoflitol 8f UPORyNRMBls P (Ofa tHRELS Yt &ThckOunit 64§.0

det er m-ne._wheg h%ﬁc&&%gﬁysaA@miéu{teaﬂxegflgg tpeogzrb@uamn cycle smultaneouﬁf;f erring

to Figure 2, a schematic [ nt ge.unit 64 of
t he syst em of Fi g}l m%i w.r:Lte a(éa buff%gedaln ?ITFO bu?feru.l.§4 fr 1'634?/0 t?‘v1(§ t he

basi s for inpl er?gﬂ‘Fﬁetrf%dnt%Fysttﬁ'émTWé?ér‘?f” ﬁnﬁvzént iA?)r]fmt?yas th 'bﬁ%b’iﬁ '(:ﬁ°ﬁg a

bi - directi onal [§Prficls pesdel 1Phrertintee thecthivare EiestAshobersideesigndt 146, |/ O bus
32. CACP circuit 62 will not grant access to the system bus 76 to another I/0

15 device 28. This will occur until the last transfer of buffered write
data is made to system memory. After which the arbitration control logic
130 will deactivate the CACP override signal 146 which allows the CACP 62
to complete arbitration and grant the I/O bus 32 to a new I/0 device 28.
This avoids contending operations on the system bus 76. I/0 devices in

20 control of the I/0 bus 32 may initiate cycles on the I/0 bus only when
CACP circuit 62 is in grant mode.

The second condition under which the arbitration control logic 130
in the bus interface unit 64 operates occurs when an I/0 device 28
desires to read data from system memories 24 and 26. After‘completion of
25 an arbitration cycle, CACP circuit 62 grants control of the I/0 bus 32
{and the system bus 76 via the bus interface unit 64) to the I/0 device
'28. The 1/0 device 28 initiates one or more read cycles to system
memories 24 and 26. The FIFO buffers 125C aﬁd/or_lZSD are continually
filled with prefetéhed contiguous data in the manner explained in the
30 description of the FIFO buffer 124 above. Once the I/C device 28 has
read the last byte of data from the FIFO buffers 1254 and/or 125B it will
relinquish control of I/O bus 32 and thus the data prefetched into
buffers 125C and 125D is not needed. Thus, the FIFQO 124 must be reset,
effectively removing this unnecessary data. .

35 Although the I/0 device 28 may relinquish control of the I/0 bus 32
at any time, it must remain in control of the system bus 76 (via the bus

interface unit 64) until the memory controller 58 indicates that it has



Bus interface unit 64 includes system bus driver/receiver circuit 102,

| /O bus driver/receiver circuit 104 and control logic circuits 35
electrically connected therebetween. Driver/receiver circuit 102

BC9- 91- 090 10 i ncl udes steering | ogic which
directs si gnal geg-g£Qjgyed fromthe system 5 bus 76 to the appropriate bus
interface unit control logic circuit and receives signals fromthe bus
interface unit control Iogic circuits and directs the signals to the

system bus 76. S Lver/recei\ver r 104 incl ydes steering
I)c/)gl ¢ which di rJe"(? te'é the usrrrrétcgl Vi °(§n‘|]§ta grt°ﬁ'esyl T BELerass 7§ 114e26 to

appropri ate buthe H‘t‘%l‘?’z‘fdéa?m}“ﬂltcéﬁ-t r 8he [apitration gontrqli logigdlileiwithe dus
sirgnal s from threebfmei wiier feaogninns tthiOion@itib®@hna activates Guk t@cANFegiiqRCT S

the signals tositdﬂgl 1148 &u&c%zcn‘cult 62 requ stk tm(lt.S 1|t e% Inagg t'{fnfl.tofc ntrol
F7%5 SOTES

| ogi ¢ circuits ncI de em bu 106, 1/0
bus to syst (gam ise llt’lrle’a sl a Y8 g‘ﬁ: mterfi'ﬁ?S“n’rfeﬁﬁ)r )‘7‘“ %%a%ﬁ’ﬁ%ﬁeé‘:}r ogi c
110, error recWéPV%u’pfpS?WPlﬁw gnd] the FIFO byfiterciddhiés smestpi Nipcbodjingly,14.
Pr'ogr amred |/ @acPrcirctitl 85 be§iml 8 ew arbeteahion caéleyos@UPI 1968 By system

driver/recei VeJmGifa‘ﬁUbJsl} ale thF| bus 1nter9-ab:§ \ﬁﬁ%t&nbgngieées J:}{eolg)s S

tion | ogi 6 provjdes t
transla é%e%etéﬁ operation from system memory over the system bus 76 and then

10 resets the FIFO buffer 124. As long as the arbitration control logic 130
continues to activate the CACP override signal 146, CACP cixcuif 62 will
not grant access to the system bus 76 to another I/0 device 28. This will
occur until the prefetch and reset operations are completed over the
system bus after which the arbitration control ldgic 130 will deactivate

15 the CACP override signal 146 which allows the CACP 62 to complete
arbitration and grant the I/0 bus 32 to a new I/0 device 28. This avoids
contending operations’' on the system bus 76.

The third condition under which the arbitration control logic 130

in the bus interface unit operétes occurs when a system device such as

20 the CPU 38 in control of the system bus 76 and desires to write data to
an I/0 device 28 acting as a slave on the I/O bus 32. After completion
of an arbitration cycle, CACP circuit 62 grants control of the system bus
76 (and the I/0 bus 32 via the bus interface unit 64) to the system
device which initiates its write cycle to the I/0 device 28 via the

25 system bus to I/0 bus translation logic 106. ' )

The system bus to I/O bus translation logic 106 provides a buffer

(not shown) wherein data destined to be written from a system device such
as the CPU 38 to expansion memory on an I/O slave device is temporarily
stored before being written to the I/0 slave device. After the last

30 transfer of data is buffered in translation logic 106, the system bus 76
is no longer needed. The CPU 38 indicates that it is finished with the
system bus 76 as does the bus interface unit 64, however, the arbitration
control logic 130 will activate the CACP override signal 146 to inform
the CACP 62 that it needs to retain control of I/0 bus 32. At this

35 point, CACP circuit 62 may go into arbitration on the I/O bus 32 even
though the buffered data in translation logic 106 must still be written
to the I/0 device over the I/0 bus 32. This situation is possible



15 recft]ireél"for the DVA controller 60 or the nmenory controller 58 (on

behal f of CPU 38) to act as a systembus controller to access the I/0O
bus 32 and t hereby conmunicate with 1/0O devices 28 acting as sl ave
devi ces on the I /O bus. Translation |ogic 106 transl ates the control,

address and data  Bcot9ime®® of the systembus ¥6 into simlar lines on the
/O bus 32. Most 20 control signals and all address signals flow fromthe
system bus 76 to the /O bus 32 while data information flowis ]

bi -di rectional . Thebdcayfiee unlike \Jp Saviges s thesCRY G B Wise &P 0/ Rdliricsrdringe
system bus 76 and deitkot she arbigptioesorvdriacthmedes afnfAEh@dFutoh2the 1/ O bus 32.
Upon detection of such a cycle, the system bus slave translates the
timng of signals on th@cc%lédinéi&s,t@m’ Ruscul 062 [cEAdabs tHeMrBYsratidhtdyadees t he

CyCl e on the I/0 bu?imgﬁz’an ous'lyv\@jiieS tlf.eoguftfmdcéégi gnttgarQQatQMJ> I:st i@nd
term nates the cycle gtnelntehe b.uslstoo

. system bus 76. . . |
syst em bus transi®at g o%helﬂg %lecel, i §g§rsw§§‘fhe%e arb%%rﬁgmgdpargggéqogm
generation circuit Y3 depytdyasesthe Pecredrifadiardd Wendrh PURYSS P FAR % to120,
system bus contr ol | eawplete erbifeatiq and praop thefif @pus 33 to|y ww I/0 deyicesPfye
i nterface 126 and bugstaobisScoptepiing @erdtials dnotlieCI/028s bEywerthe CPU B sind
controller interface i1&2a8upposts a high performance 32 bit (4 byte)
i 486 burst protocol operating at 40 MHZ. Data transfers of four, eight

and sixteen bytes in buist node QUL byl 1d2: 093 n i
are provided. 1/0 bus slogilemj@gﬁ"eg?gggﬂ%f%%t%%tpytt?‘tﬁgjééalp%sﬁﬂg&%g fegrg &

nptors .
operations destined™F6FF3&EF 0E Hedf ERE™OR 'flﬁ%resé'stTehﬁ BOE T TEASa" GhorES
those operations desili Hedmrigrentedebn plgepifansaghichare PPt cioty)thy B Wy eRf the

bus interface unit 64. Arbitration control logic 130 comprises AND gate
148 and S-R latches 150 and 152. As explained above, the CACP override

15 signal 146 is output by the arbitration control logic 130 when an I/0
device in control of the I/0 bus 32 reads or writes a multiple transfer
of data from or to system memories 24 and 26 over the I/0 and system
buses 32, 76. CACP override signal 146 is negative active. Hence,
during an I/0 device read from system memories 24 and 26, data is

20 prefetched from system memory into FIFO buffer 124 and read prefetch
begin line 154 is driven HIGH, setting latch 150. The complemented
output 156 of latch 150 goes LOW, activating the CACP override signal
146, and preventing the CACP circuit 62 from performing its\next grant
cycle while data is prefetched over the system bus 76. The I/0 device

25 retains control of the system bus (via the bus interface unit 64) until

' the read prefetch operation is complete. When the read prefetch
operation is complete, line 158 is driven HIGH, resetting latch 150 and
deactivating the CACP override signal 146. The CACP circuit 62, which by
now has’ entered the arbitration mode, is permitted to enter the next

30 grant mode.

During an I/0 device write to system memories 24 and 26, data is
first written into FIFO buffer 124 and the write to system memory line
160 is driven HIGH, thereby setting latch 152. The complemented output
162 of latch 152 goes LOW, activating the CACP override signal 146, and
35 preventing the CACP circuit 62 from entering its next grant cycle while
data is being written from FIFO buffer 124 to system memory over the
system bus 76. The I/0 device retains control of the system bus (via the



-y [ )
BC9- 91- 090 11 the 1/0O bus slave interface
126 are passed on to the FIFO buffer 124 and the system bus controller
interface 122. The 1/ 0O bus to system bus translation |ogic 108
provi des t he nmeans required for an I/O device 28 to act as an |I/0O bus

controller to access 5 systembus 76 and thereby read or wite to system
nenories 24 and 26.8¢91%799 gjther of these offerations, an |/ O device
controls the 1/0O bus. The asynchronous 1/0 bus interface 126, operating
at the speed of the 1/0 devi c ermts the bus . interface unit 64 to
act as a slave to tH& Profece u"dé_\??i:é’g%%ntthre off T'6r “ont thRe T8 BusT$It Eh%ode
the menory address HAP 10 oH8terifi HEithit IPhePEIRCHT NpitTaFiey preseyses by
destined for systembreReR ciusuitg62. CAGR opgrids) sigalalfé RTSTepts thre CAGPsticemibus
control |l er interfacsoid22-epearimd she grant hedehuPpann¢cepiedt eMmilie GAté Opaatiodas a
controller on the systeEmubumeseds in FIFO BREFEENDY Yila B &mphy 8ribSdhg( HBingues 2)
acts as a slave to i€ ahdisedebtiBl 1868 152. Uddich obébridNEhigRill DAY vl Qi des the

interface 64 with datg;r&8a8 LLRM-SYAL RFelRircfRBS Yo Utelld:biSpgdat a to system

menory. The reads an Writes to System menory are acconplished through
the FIFO buffer 124, a bl ock di agram of which is illustrated in Figure
3 As shownPYrirgp gfen Fevice HOrgues she §831138)g vaitpyty apdre depice

asynchronous, bi - diasecht gatd istewarpgrilmstorethirch pffsvindeside@hpdarabys 20
storage of data jonfwadaiiion 1bgkvieen tgva SyLihethamdeal, /120 bus aSankbation 1ogild.

FI FO buffer 124 congggiwges af QUtns ip¥dR8NrP%y& e AT fi6 11w AaddIR 180 %ne caceF! FO
control circuit 123..the. Lot b 1 & St 2t et o PUILEY plAIE hQ B%riee TTOM
|/ O bus controllers and, system %s f‘? aves, é ere gtia oW n%. .

si mul t aneous oper at¥or B 1958 PPOEHTs 32 5aHa PhE et ntsta- 7. rAi¥ FI°ko 25
buffer 124 is physi¥atPyPusr§afiited %atust W tiFoP Lositol ByTmPIsits Briding the
(125A/ 125B and 125@uifrEe3) datihee BAPsdewhgebfs dloent ropleting pieevfife @pdraPionntd

the I/0O bus sl ave imbeefirees]Ago @achraehiti@l 1a@ie 104 willyddiveo thy ter paskéer

whil e the other thidytie EMRaDYdcCHIdHT ftRdreMPBLRE RSt G ANS RAFEE Wert Qe tIGNN 146,
which allows CACP 62 to complete arbitration and grant I/0 bus 32 to a
new I/0 device 28.

20 Accordingly, the preferred embodiment of a bus control logic system
for. computers having dual bus architecture has been described. With the
foregoing description in mind, however, it is understood that this
description is made only by way of example, that the invent}on is not

limited to the particular embodiments described herein.



Bot h, of the thirty-t m l‘“‘ﬂmﬁu e utilized for read and wite 30
oper ati.ons. ' I Hm , 125B, 125C, #25B4rs—an auur oo
regi ster section ett her physi &al Ty associ at ed wijt FHiS ﬁﬁﬁ |
or logi'cally -~ associated therewith. As data is tflansf eRER o5
bus 32 to FIFO d93f\oshhe data will be accunmul ated until the 16
buffer sis filled 35 with 16 bytes of data, provided that the addresses are
contiguous. If a non-conti guous address is detected by the address
action, the FIFO 129fAns: W II transfer the stored data to FIFO 125C, and
at the sanme time FIFO BC9- 91- 090 ' 12
125B will start to recejve this dFta Jromthe new non-contiguous address.
FIFO 125B wi || conti'nue” | Ust as kI ro TIBAAPd until it is filled with 16
bytes of data, of anot h®PE*Hol™@8%ti guous address is detected. FIFO 125B
will then transfer the 3merosy cerfralled fP FOtIPINT afasFFEysEems menggyni Aids
starts to store datsgstehlmgsoryidndissipos®rhlentrellst ger@echsd by & vexoryl Budyt e

bl ocks of non-cogti guous castdiEpocedlimy unit electrically Estintdted wiblysdiaMiengryt WO
32 byte buffers in Randllee! sifCceneAdigiee@tly unit Whiel {d1Bea@f andaf &CaRL NG
toggl ed between Lhei DS dhiloRf o) S38GBMFlhy, ~ continuous read or
wite function. '

8 a bus interface unit electrically connected to said memory

g9 controller by a system bus and electriéally connected to a plurality of
10 input/output devices by an input/output bus, said input/output devices
11 able to initiate read and write operations over said input/output bus,
12 said bus interface unit able to sense when said one of said input/output
13 devices has completed a read or write operation over said input/output
14 bus, said bus interface unit including a buffer circuit wherein read and
15 write data transferred between said system bus and said input/output bus
16 over said bus interface unit is temporarily stored during the transfer;
17 and

18 a central arbitration control point residing on said system bus,
19 which serially performs (i) arbitration cfcles wherein said central

20 arbitration controller arbitrates between said plurality of input/output
21 devices and said central processing unit to determine which of said

22 input/output devices or said central processing unit should be granted
23  control of said input/output bus and {ii) grant cycles wherein said

24 central arbitration controller grants control of said input}output bus
25 and extends control of said system bus to one of said input/output

26 devices_or said central processing unit; said central arbitration

27  control point being at least partly controlled by arbitration control

28 logic which is responsive to a predetermined set of operating conditions;
29 to thereby permit data transfer operations to occur simultaneously with

30 central arbitration control point operations.

1 2. The computer system of claim 1, wherein one of said predetermined

2 set of operating conditions occurs when said one of said input/output

3 devices reads data from system memory over said input/output bus and said
4 system bus.

1 3, The computer system of claim 1 or 2, wherein one of said

2 predetermined set of operating conditions occurs when said one of said

——
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10 I\/breove he 32 byte buffers into two 16 bytes

buf fer sectloﬂmm lﬂﬁIB“mHﬁ led to other 1/0 bus 32 or system bus 26,
t he nunber of storage ers can be increased \y 2 !

t he -performance of the FIFO as related to the c§

signal s cl ocking data in or out of the storage

acconpl i-shed 15 bewassesd or every two buffees added

hal f the capacitive loading is added to the |oading of cl ock signals on
each bus. Additionally, by having two 16 byte buffers in series
i n each | eg, 3 otrpet/gnrubfdetiges ¥6ithy detabiroh cystemgnehgrly| aydr whtch dat a, such

as in a read 4 ofxpuglohant bhdandlaki@ Sarenisist ransferred to the other 16
byte buffers in 20 seri es therewith, while the other parallel leg is

accunul ati ng dat, a hﬁ,’;& |§f Qﬂmﬁ |1m=2 LP%t hgefn hpeegf aggunul ati ng

data, or transf ? ‘{9 e E

The logic for nt?r(?‘f ﬁ"g'jmf 5e oPerat| 0 1r'?go':1‘mdt1 1°nﬁl°ﬁ‘6riﬂi‘e’f §a’§ui)eﬁf'iaéd by
FI FO Contr ol O r3cu?‘t°“1923“9 unipgrites data Ao 98¢ Of SalhArAuFOUERY | 8128 2REPIVRS t e
t 0-syst em nenor i4esa 24avgro ghe inputfogtpht ®1pus i n bandwi dt hs of either 1, 2 or
4 bytes (i.e., 8, 16 or 32 bits). During wites to system nenory by an
| /0 device 28, tihesfir ghe compuldrad}StMloOf1a¥ i1l &, dAbA 4i, ShbRiik isald pusSt ored in
the FIFO buffer ,125f. Oface umtlﬁéﬁipo;uz@s I /Qap%rt@épsgx.aqoamr%%%9&@%@1I on

circuit 120 cal cul tes t he next, Rect e r Liguouys e The
P
next conti guous%ad rag§ 'fmt wthcpﬁ' °‘”I?es Al °rargts(g 'ﬁ"@e s"ub‘igeal ﬁrér?fmalq} T é% Fess

to verify if thé siﬁigesd’ﬁ'éeﬁtbus and Stah‘hg?de? “%(Pétp(‘fbrlft‘? guous or not. I|f

contiguous, the second byte or bytes of wite data is sent to the sane
FI FO buffer 125A 0. 123B: cdipetef| §y6tem of cladreiSvadetat aail swsygechmibrnoudspeeds
of up to 40 negabyiweseqa€riws @aiRto3bixtdehitd Berder) Kith o¥2said buffers being

3 used for both read and write operations.

1 7. The computer system of claim 1, wherein said system bus supports

2 burst transfers of read or write data between said bus interface unit and
3 said system memory in bandwidths of up to sixteen bytes, and wherein said
4 input/output bus supports transfers of read or write data between said

5 input/output device and said bus interface unit in bandwidths of one, two
6 or four bytes.

1 8. A method of arbitrating between input/output devices and a central

2 processing unit in a computer system, comprising the steps ;f:

3 providing system memory and a memory controller for controlling

4 access to system memory, sald system memory and said memory controller

5 connected by a memory bus;

6 providing a central processing unit electrically connectéd with

7 said memory controller, said central processing unit able to read and

8 write data to said system memory over said memory bus;

9 providing a bus interface unit electrically connected to said

10 memory controller by a system bus and electrically connected to a

11 plurality of input/output devices by an input/output bus, said

12 input/output devices able to initiate read and write operations over said
13  input/output bus, said bus interface unit able to sense when said one of

14 said input/output devices has completed a read or write operation over

15 said input/output bus, said bus interface unit including a buffer circuit
16 wherein read and write data transferred between said system bus and said

e e
TTTM—— ————
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Th| S.process conti nues
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BC9-

unt|I elther Hlmtumm mwu SBlsfuII with a
information o S address is det e
cycl e, “assum ng that" blffér 125A is full, t he di
transferred to buffer 125C. Sinilarly, V\,hen 5 buffer 125B 1s TulT, alrt of
its contents are tBFansf@Pred to buffer 125D 23 in a single clock cycle.
The data stored in the buffers 125C and 125D i s then witten to system
menory via an 1486 burst transfer at the system bus operational speed.
The operation &f B Bpytehus1ovar Gedd by ipthrfece unit i gemporar iy sromety by an
|/ O device is thusugsatthatoarsferal t er nati ng bet ween 10 buffers 125A and

125B, with each? enpt yimrgvidigoa aehtagratbibistier cdb2bdT @iint on si&bBystem bus
respectively, wehi WeichhernheperssenseGei atbNtFatiah &ytRs Rfe A tsbh N cdfRra1 SySt em
nenory. The FI g0 hwltgtléklz&nt;ﬁ% a&@éﬂamszﬁeﬁ:wééﬁesaie%Qgraqj.tydgft @nput/oui:y;’ul tes

to system nmeno vi a i I ra r crggsn.a o determin ] el y
by Gy (:és) xﬂpgd 8 cggg ?T% g g(‘m %agc%mm Hgo{ ﬁéld15

byte of data t% mva %pté

maxi num speed O0f Wil te dat ei”r°8Fn°ﬂFé‘l Icfi’t‘irb]uf’f Pssipg gpiy hboyanied t he
system bus 76.2% control of saif jnpyfdontput Sunhndfig irlea‘rmmlsfé ehenebmeaid to an
|/ O device 28, 2¥| F@tral atpifrabion @4t oplaragrestsdednt et $aid Thpe/SutpheBaHUS
address gener atd oand extefdsl €ditiol loBsdi8 aFsteR@uk Not drdl o £ REEL)ESBud O

gener at e subsegpendvit&ask ggdagq&%sp%ceggmgqggt data and accurrul ate data in

buffer 125C or,gl25D. ofts,transfers in
bandwi dt hs of %96 contrﬁfﬁﬁ‘&’%& t he tray‘ gmrﬁhlémcco"n{) PP 34h{sapt 4R Pa1D2

may prefetch 1 y%/ar léﬁﬁfé?r‘s”dﬁtml l°gl:‘br‘|’f TGO HafPrafrdeginidesittof n buffers
125C or 125D w"f“t h&‘ﬁ’fattlﬁ'é SRROR ViR

to thereby transfer data simultaneously with central arbitration.

Rilaced



32 actaaILy provi di ng subsequent addresses, thus reducing | atency between
25 transfers. Wen buffer 125C is full of prefetched data, it transfers.i
contentis to buffer 125A in one clock cycle. Buffer 125p=s+msrerty.,
enpties into buffer 125B when full. The data in buffer _ .
may then be read by a particular /0O device %ontroller '

1, 2 or 4 bytes. lsﬁg-t‘;mogoway, system bus addiess gener a Circuit 118 30
functions as an increnent counter until instructed to by the I/O _
control ler device to stop prebfbetton $oft@bProcic For compurer SHSEd © PUS pacing
control logic 128 creates a TasteruancesaLtaos ARcHISESUrEM Menory for high
speed 1/ 0O devices. The bus to bus pacing control | ogi ¢ 128 overrides
the normal nmenory controller arbitration heje of 35 system 10 by |
allowing an 1/0O device, in control of the.igﬁ bus_32 uni nt err.upt e
access tg 0 system rrermreA “daring it J?eé"r,llssf RPC G QH A By Falehdiemory anddd, peesy

whi ch require nul EPHFEHEY PRSP iR 2GR P UFYBFR AR AceRal pgocessinghe
menory control | er YS& plectidenly fenmer@ddith ¢he ammery ifentemder Thadsa bayen
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menory bus. operation over said input/output bus, and includes a buffer circuit

wherein read and write data transferred between the system bus and the
input/output bus via the bus interface unit is temporarily stored during
the transfer. Arbitration control logic resides in said bus interface
unit and interacts with a central arbitration controller which resides on
the system bus. The central arbitration controller responds to the
arbitration control logic to simultaneously perform (i) arbitration
cycles wherein the central arbitration controller arbitrates between the
plurality of input/output devices and the central processing unit to
determine which of the input/output devices or the central processing
unit should be granted control of the input/output bus and (ii) grant
cycles wherein the central arbitration controller grants control of the
input/output bus and extends control of the system bus to one of the

input/output devices or the central processing unit.



5 é!s The programmed I/Ocircuit 116 is the portion of the bus interfage

unit 64 Whi ch contains al

of the registers which are programrable w thin

the bus interface unit 64. The registers have bits associated therewith
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regi sters define,

inter alia,

the system
address ranges to which the bus interface unit 64 wll

ry and expansi on nmenory 10
resgond, the

expansi on nenory addresses which are either cacheabl e o¥ noncacheabl e,

the system nenory {or

error checking is
programmed 1/ O cir
envi ronment in whi

configured. The reggi

programed directl
system 10, the use¢
comuni cate over t
CPU | evel .

menory address

Nges, and waet ner «

r zphle tpipyi ntpri

iust have access$—t

system bus to the
GeMbRPLaddr e98

menory which is
Because the syste
non- cont i guous bl
i ncl udes a plur

T T -" T
, o
i nformati on fro%’lzr eaCeNgT ADDR d I%/Ef"ﬁ": =

particul ar menory
the nenory address
react accordingly.
bus 32 is reading
circuit need not p

&

progr ammed
onpargAyag

UERERl AP

as the ex

cu

ST conmpar edwi th ThE oundar Y

not ity or
ﬁprdﬁggg§—-

ace unit 62 t he 15
Eh it is
caknot be

programthe

i eH- may

rcuit 116 at the 20
deternmines if a
bsponds to expansi on
the 1/0 bus 32.
rengry nmaygbe in

D

are | ggic 110

conparije ffogic, the

bus 30 | nt-ekr

saving time and n
112 permts the sy
error is detected.

For exjanple, if an |/ Oconrdawv
Wi EMPAYT Ofekpansi o
CONT oﬁ@nﬁﬁ

ADDATETD

R&VERG cONTT

YooY .
njlo t &8 ontiﬁ&é 35

paTA [BUEEER/

INTERFACE

ny read or wrife
80
.
ADDR | i i
EE
i—
76s 64//,
CONT
_78
~ DMA
CONTROLLER[~-60

2 CACP

I/0
28“|DEVICES




accesg by gn 1/ 0O device 28 to systemmenories 24 or 26, parity of the
data is checked. Support logic 112 interacts with a register in the

BC9- 91- 090 15 programmed I/Ocircuit 116 for
capturing the address and the tinme of the detected parity error. The

- contents of this register may then be acted2/g wupon by appropriate system
software. For exanple, th 16;_PU 38 may be proggamed for a high |evel
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positi.ve conpare so that snooping of the I/O bus may continue inmediately
20 after dbtection of the first positive conpare, thereby permtting

conti nuous nonitoring of the 1/0 bus 32. The present invention
relates generally to the bus interface unit 64 descri bed above and nore
particularly to systembus arbitration - ca@isrol logic 130 (Figure 5)
which is contained within the bus interface 25 unit 64 residing
i nternedi ate the system bus 76 and & i nput / out put bus 32 in the
conput er system 10. The arbitrationteghtrol logic interacts wi th CACP
circuit 62 which alternate& bet ween% itration cycles and gr ant
cycles. The operation of t ke CACP cix@uit 62 is described in copendi ng
U S. Patent Application Sevial No. f,@ 3 &7,777, filed October 30 15, 1991,
entitled "CONTROLLI NG BUS A4 LOCATI ON UWSKNG ARBI TRATI ON HOLD' . The
arbitration control logic ggsin thégb?lgi nterface unit 64 inproves t he
per f ormance of the dual bug grchitecf2 & conmputer system by perm-tti
arbitration cycles by CACPxRfcuit @Uio sinultaneously overl ap nenor
read and wite cycles by tgeﬁ“CPU 389 |/ O device 28. 35 Fi gur
shows the systeminter conn&e® on of o) bus 32,msyst em bus 76, CACPI
circuit 62 and bus interfage_unit 64 < BC9- 91- 090
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an |/ Q devjce 28 already in control of the I/O bus 32 indicates it is

ready to performnore than one transfer of data over the 1/0O bus 32. The

CACP responds to this request by maintaining |/O bus 32 in a grant node 5

for the /O device until all of the multiple transfers of data have been

conpl eted over the I/O bus 32. Upon conpletjpa of the multiple transfer

over the 1/0O bus, the 1/0O device deactivates |ine 144 and the CACP

circuit 62 determines that the 1/0O device is off of the I/0O bus 32 and

begins the next arbitration cycle 132. The arbitration control |ogic 130 10

within bus interface unit 64, as will be expl ained bel ow, provides a CACP

override signal 146 to the bus interface unit 62 to prevent the CACP

circuit fromre-entering grant node while activity is occurring over the

system 1/ 0O bus. Only when CACP overri?g signal 146 is driven inactive

may the CACP circuit 62 enter the next®grant cycle. 15 - The

arbitration control logic 13 ragﬁfsunde three prescribed

conditions. Under the f]irst an |ao device in control of the

| /O bus 32 wites a nul'tT a to systemnenories 24 and

26 over the |1/0O and systempuses 32, 76{ Under the second condition, an

I /O device in control of thexgb/® bus 32| Heags a nultiple transfer of data

20 from system nenories 24 (FErover | heKNOWL EDGE syst em buses. Under the

third condition, a systemdevice such as the CPU 38 which is in control

of the systembus 76 wites|data to an |/ O device acting as a slave on

the /O bus 32. In eacq ﬁf hese three par, gécula REPY, %w

arbitration by CACP C|ré 62 is permifted to PIRNFf G@ﬁbgre the 25 32
i orplbt +hnvn'm, o

operation has gone to Fp-et--eh, ereby—ah | oW G54 1811 T apgQus

arbitration by CACP cirlcuit 62 on t he I/C)b;b and_conpl eti on/jo

particul ar operation. Each of thg ee er ich
the arbitration control | ogi ¢ 130 oper affes—y 14@
greater detail. Under tlhe 3 i - ditign, S to
wite data to system negéf?tgﬁgﬁﬁgnd 26, v
arbitration cycle, CACH circuit 62 grants control of t he 1L% us 3h
(and the system bus 76 |via t he bus i ntenf the 1Y O d¢vi ce
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|n|tgates one or nore wite cycles to system nenories 24 and 26 which are
35 tenporarlly stored in FIFO buffers 125A and/or 125B. Since |/O device 28
may relinquish control of 1/O bus 32 at any tine, the bus interface unit

may contain buffered data which still needs to be witten frombuffers

BC9- 91- 090 17 S5/5 125A and/or 125B to buffers
125C and/or 125D and out to system nenories 24 and 26.

Al t hough the I/0O device 28 may relinquish control of the I/O bus 32, it
must remain in control of the systembus 76 (via the bus interface. 5 unit
64) to conplete the wite transfer of buffered data over the system bus

76 to system-nenories 24 and 26. The arbitration control |ogic

activates 130 in the bus interface unit recognizes this condition and

" activates a CACP override signal 146 to CACP circuit 62 requesting that

it retain control of the systembus 76 (via the bus interface unit 64). 10

~Accordingly, CACP circuit 62 begins the arbitration cycle sinultaneously
while the wite dgtgybopdmreg in FIFO buffer 124 fromthe I/0O device is

BEGIN s
154 S 156
READ PREFETCH a
COMPLETE "
1587
Ciso
WRITE TO . CACP
SYSTEM MEMORY OVERRIDE
160 : 167
B
ALL BUFFERS Q -
EMPTY 162
7 R
164 |
2152
CPU POSTED CYCLE

166
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transferred to system nmenories 24 and 26. As long as the arbltratlon

control |ogic 130 continues to activate the CACP G R 46,
«CACP circuit 62 will not grant access to the syst s fer 1/0
15 device 28. This will occur until the last tran ite
data is made to system nenory. After beh the ar | ogi c
130 will deactivate the CACP override stgnal 146 i ch allows ACP 62
to complete arbitration and grant the I/O bus 32 ' e 28.

Thi s avoi ds contendi ng operations on the systemhbhus 76. 1/0 deV| cep in 20
control of the I/O bus 32 may initiate cycles on the 1/0O bus ont en
CACP circuit ARBIFTRATIQNaGONTER{@L LOGIC FOR COMRISTER SMSTEMMHAVING under
whi ch the arbitration controlDUadi BUSSSRCHITEGTURE bus interface unit 64

operates occurs when an |/ O device 28- desires to read data from system
menories 24 and 26. After conpletion of 25 an arbitration cycle, CACP
circuit &é’?gﬁg?ls control of the 1/0O bus 32 (and the system bus 76 via
t he bus i e unit 64) to the 1/0 device 28. The 1/0 device 28
initiates one or nore read cycles to system menories 24 and 26. The

cont | guous d égﬁ?ﬁ%ﬁ’sg*ﬁsﬁng Dol o8 Rabobfie skemgnishensTRoar 2Bl B 5 RbRRE
o « neo APt ) BB 1846 Rudin Wiinery @A°28) kUt brofi g™ 2
110 bus @) axearm chRcsla ith B ety donirbller (589U4dPh Hud IecBOs T4 S

not neede Thus, the FIFO 124 nust be reset, ‘ef fecti vel y- renoving this

unneces seaercmmyaconneaﬁd to the mdnidrpug@trolier l($8? tevd Gostefd buy and! élostticaly
control of the I/Obus 32 - at any tine, it nust remain in control of the
syst em kwosnétfed to @ phiralityusf input/outpwtr devives (28)tbyodn inpat/outpahbus@2)r yThe bus
controller 58 indicates that it has

interface unit (64) is able to sense when said one of said input/output devices (28) has

completed a read or write operation over said input/output bus (32), and includes a buffer
circuit wherein read and write data transferred between the system but (76) and the
iﬁbut/output bus (32) via the bus interface unit is temporarily stored during the transfer.
‘Arbitratic_)n control logic resides in said bus interface unit (64) and interacts with a central
arbitration controller which resides on the system bus (76).

Fig. 1
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tfansfer of data from system menories 24 and 26 t rface
unit 64. The arbitration control logic 130 in the{bds #”nterfac uni t
recogni zes this condition and activates the CACP ¢v r r 1 @SEP 199%; pnpl 146
to CACP circuit 62 requesting that it retain contfoll_af _the 5 syktem bus

76 (via the bus.i rface unit 64 ntil the | ast|prefetch opelation
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si nul taneoﬁ’g ?%’l \EI]\A/[‘EI)I p‘épage%}gdse%i %Eoe%%é% OEn?Wpeézf‘ngcﬁFﬁ?te?yé’zeSt hPurigg taﬂ::tra“‘l’g
refetch o i : : ugy, /: t he

Fesct s the i Bt B PIUSHSS SRR Yo oRBlanip W 6y TPBLE * DufiBe 3hé c3ffs 3,
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not grant access to the systembus 76 to anot her |7o evice 28. This wll

occur until th¥prdefiets h:afy'ndnlgeﬁlﬁiat@ﬂmﬁdr&qréﬁd YrwhRTBYQéL b YREm! MBmory

system bus after which the arbitration control logic 130 will" deactivate 15

t he CACP oduring de asbigaragranitd@iodhi Sithad hetodtdfesefidiCRbiration @ éformance

arbitration and grant the I1/O bus 32 to a new I/O device 28. This avoids

cont endi ngliyiietions onsdesl buse arppisectnreh cemplier systems due to Thee tins relquirsdditd | on
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under which the arbitration control logic 130 in the bus interface unit

oper at es ofcParatelypesfosms ybiteationeandc thesmemorysread ory WeiteCPY¢168 whichc may rasicunf

t he system bus. 76 and desires to wite data to an |/0O device 28 acting

as a sl ave®UX GURIDEANAETRHET 2530t Medenr conpl et i on of an arbitration gycl e,

CACP circuit 62 grants contr e syst.emb 6 (and the I/0O bus 32
; UMMARY, QF THE INVENTIO ye which initiates its

via the bus interface unit GotHe—Sy
wite cycle t OIt.ti?ﬁxlnggEcggy ifeprefent 'ifvehlln %5 amSNorRE 2lS: dre {ii%cgflirsitages of
translation logic , . '

the prior art.

According to one aspect of the present invention there is prbvided a computer
system, comprising: system memory and a memory controller for controlling access
thereto, said system memory and said memory controller connected by a memory bus; a
central processing unit electrically connected with said memory controller; a bus
interface unit electrically connected to said memory controller by a system bus and
electrically connected to a plurality of input/output devices by an input/output bus, said
input/output devices able to initiate read or write operations to and from said system
memory~ over said input/output bus, said bus interface unit and said system bus, said bus
interface unit including a buffer circuit wherein read or write data transferred between
saiq system bus and said input/output bus over said bus interface unit during said read or
write operations is temporarily stored during the transfer; a central arbitration control
point residing on said system bus for serially performing: (i) arbitration cycles wherein
said central arbitration control point arbitrates, between input/output devices having
requests pending for access to said input/output bus, to determine which of said
input/output devices should be granted control of said input/output bus and (ii) grant

cycles wherein said central arbitration control point grants control of said input/output



(MCETLACEMENT SHEET]
The systembus to I/0O bus translation |ogic 106 proy S a buffer (not

shown) wherein data destined to be witten froma systiem{i2gEpeggych as
the CPU 38 to expansion nenory on an |/ O slave devigelis tenporaril
stored before being witten to the 1/0O sBave device.f Aitér the tast 3
transfer of data is buffered in translation logic 1 the system bus}76

is no |longer needed., The U 38.indicates that .it.  i.s finished with the
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controller for controlling access thereto, said systemnenory and sai
menory cordomplétion efcaiterehd dr yrita operatioy. bus; a central processing
unit electrically connected with said nenory controller; a bus

i nt erface uni tAcsording ite ahdthercaspactonfalic presentiivvention there inprovidedra mgthadsofst em
bus and electrically connected to a plurality of input/out gut devi ces by an
i nput / out pAfbitrating between input/output devices residing on an input/output bus for control of

said input/output bus in a computer system, said system further comprising system
memory and a memory controller connected by a memory bus, and a bus interface unit
connected at one end to said input/output bus and at the other end to said memory
-controller by a system bus, said method of arbitration comprising the steps of:
performing an arbitration cycle with a central arbitration control point residing on said
system bus wherein said central arbitration control point arbitrates between input/output
devices requesting access to said input/output bus to determine which of said
input/output devices should be granted control of said input/output bus; performing a
grant cycle wherein said central arbitration control point grants control of said
input/output bus and extends conftrol of said system bus to one of said input/output
devices; initiating a read or write operation with said one of said input/output devices to
said system memory over said input/output bus, said bus interface unit, and said memory
bus; temporarily storing in a buffer circuit in said bus iﬁterface unit read or write data
transferred between said system bus and said input/output bus over said bus interface
unit; and performing a subsequent arbitration cycle simultaneously with the completion
of data transfer between said buffer circuit and said syéie’m memory over said system bus
to complete said read or write operation, in response to a predetermined set of operating
conditions.

According to still another aspect of the present invention there is provided a

computer system, comprising: system memory and a memory controller for controlling
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bus, said input/output devices able to initiate read'&
and fromsaid systemnmenory over said input/output fbys, said bus i
unit and said system bus, said bus interface unit ifngl ud|218E9 A
circuit wherein read or wite data transferred betyedn said syste
sai d input/output bus over said bus interface unit ﬂurlng sarar
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sai d i nput/output bus and extends conhtrol of said system

i nput / out poperafotisaSsaidibgut/output Béthiced dvet 5Ad 's?iﬂmﬁ%& r Qlid bﬁghﬁe dﬂ@?ﬂd n
said bus interface unit which is responsive a predeterm ned set

oper at i ng saihdtipi/ontput bup saidi ussihwerfatamsioimludapud befaccibit (Whereid Wyie! ditd on
cycles by said central arbitration control point and (ii) conpletion of :
data trantausfernest baswners sdid sysiérh dus and said inpat/dutpai bussyver said ey drityrfasainisai d
system bus during  conpletion of said read or wite operation. 2. The
conmput er sYwingsaid veite pperationjscieaiparasily atozedoduringt the trapsfet;raoterntralyarbitration

conpri ses

control point residing on said system bus for serially performing (i) arbitration cycles
wherein said central arbitration control point arbitrates between said input/output devices
having requests pending for access to said input/output bus to determine which of said
input/output devices should be granted control .of said input/output bus and (ii) grant
cycles wherein said central arbitration control pbint grants control of said input/output
bus and extends control of said system bus to one of said input/output devices; and bus
arbitration control logic included in said bus interface unit which permits simultaneous
occurrence of (i) arbitration cycles by said central arbitration control point and (ii)
completion of data transfer between said buffer circuit and said input/output device over
said input/output bus during completion of said write operation.

According to still another aspect of the present invention there is provided a
method of arbitrating between input/output devices residing on an input/output bus for
control of said input/output bus in a computer system, said system further comprising
system memory and a memory controller connected by a memory bus, and .a bus
interface unit connected at one end to said input/output bus and at the other end to said
memory controller by a systefn bus, said method of arbitration comprising the steps of:
performing an arbitration cycle with a central arbitration control point residing on said
system bus wherein said central arbitration control point arbitrates between input/output
devices requesting access to said input/output bus to determine which of said

input/output devices should be granted control of said input/output bus; performing a
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one ofr nore algorithnms which are inplenented as hg Ex WS«
i'nterface unit. 3. The conputer systemjo i x ik 4 I n one
of said predeterm ned set of operating condition$ ¢ccurs when safdfone of
sai d i nput/output devices reads data from- said systent ZSEP wgwe aid
I nput/ out put bus and said system bus. 4. The cpnput er system o | ai m 3,
wherein said buffer circuit includes at |east two pal rs of srxteen byte
buf fers, HBR eycleamdierinf #id ensiral asBiationrcapsrohlnainid gaants \gontrel of said

oper at i ons, uter systemof claim 1, wherein one of said
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circuit includes dual porte
data transferred between said system bus and said input/output bus over said bus

interface unit; and performing a subsequent arbitration cycle simultaneously with the
completion of data transfer between said buffer circuit and said one of said input/output
devices over said input/output bus to complete said read or write operation.

According to still another aspect of the present invention there is provided an
arbitration mechanism for arbitrating between input/output devices residing on an
input/output bus for control of said input/output bus in a dual bus computer system, said
system further comprising system memory and a memory éontroller connected by a
memory bus, and a bus interface unit connected at one end to said input/output bus and
at the other end to said memory controller by a system bus, said arbitration mechanism
comprising: a central arbitration control point residing on said system bus for serially
performing (i) arbitration cycles wherein said central arbitration control point arbitrates
between input/output devices having requests pending for access to said input/output bus
to determine which of said input/output devices should be granted control of said
input/output bus and (ii) grant cycles wherein said central arbitration control point grants
control of said input/output bus and extends control of said system bus to one of said
input/output devices; a bus interface unit electrically connected to said memory
controller by said system bus and electrically connected to said input/output devices by
said input/output bus, said input/output devices able to initiate read or write operations to
and from said system memory over said input/output bus, said bus interface unit and said
system bus, said bus interface unit including a buffer circuit wherein read or write data
transferred between said system Bus and said input/output bus over said bus interface unit

during said read or write _operations is temporarily stored during the transfer; and bus



asynchronous, bidirectional storage unit. 8. The co ; MSHEE&" aim
1, wherein said system bus supports burst transfers witejdata

bet ween said bus interface unit and sai d system nenor n 1258@“192 up
to sixteen bytes, and wherein said inputgaaut put bus sppports trans of
read or wite data between said input/output device pUS—+1-8r flace

unit in bandw dths of up to four bytes. 9. A neth iLtrating
bet ween i aphitration gontreldegiceisickuded dn najid drus dnterfagaiunio which petmits $ion
of said input/output bus in a conputer system_ said systemfurther
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wherein said GeRbIdhe b Yet "AbtRP £PWY: S thBPralent il driBh et is"pfdVided an
arbitration mechanism for arbitrating between input/output devices residing on an
input/output bus for control of said input/output bus in a dual bus computer system, said
system further comprising system memory and a memory controller connected by a
memory bus, a bus interface unit connected at one end to said input/output bus and at the
other end to said memory controller by a system bus, and a system device attached to
said system bus, said arbitration mechanism comprising: a central arbitration control
point residing on said system bus for serially performing (i) arbitration cycles wherein
said central arbitration con&ol point arbitrates between input/output devices having
requests pending for access to said input/output bus to determine which of said
input/output devices should be granted control of said input/output bus and (ii) grant
cycles wherein said central arbitration control point grants control of said input/output
bus and extends control of said system bus to one of said input/output devices; a bus
interface unit electrically connected to a plurality of input/output devices by an
input/output bus and to said memory controller said system bus, said system device able
to initiate write operations to said input/output devices over said system bus, said bus
interface unit and said input/output bus, said bus interface unit including a buffer circuit
wherein write data transferred between said system bus and said input/output bus over
said bus interface unit during said write operation is tempora.riiy stored during the
transfer; and bus arbitration control logic included in said bus interface unit which
permits simultaneous occurrence of (i)' arbitration cycles by said central arbitration
control point and (ii) completion of data transfer between said buffer circuit and said

input/output device over said input/output bus during completion of said write operation.
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system conpri {Lfgh] processing unit electrically connected with said memory controller;

a bus interface unit electrically connected to said memory controller by a system
bus and electrically connected to a plurality of input/output devices by an input/output
bus, said input/output devices able to initiate read or write operations to and from said
system memory over said input/output bus, said bus interface unit and said system bus,
said bus interface unit including a buffer circuit wherein read or write data transferred
between said system bus and said input/output bus over said bus interface unit during
said read or write operations is temporarily stored during the transfer;

.a central arbitration control point residing on said system bus for serially
perfo;'ming (i) arbitration cycles wherein said central arbitration control point arbitrates,
between input/output devices having requests pending for access to said input/output bus,
to determine which of said input/output devices should be granted control of said
input/output bus and (ii) grant cycles wherein said central arbitration control point grants
control of said inpﬁt/output bus and extends control of said system bus to one of said
input/output devices; and

bus arbitration control logic included in said bus interface unit which is responsive
to a predetermined set of operating conditions to permit simultaneous occurrence of (i)
arbitration cycles by said central arbitration control point and (ii) completion of data
transfer between said buffer circuit and said systeﬁ memory over said system bus during
completion of said read or write operation.

2.  The computer system of claim 1, wherein said arbitration control logic comprises

one or more algorithms which are implemented as hardware in said bus interface unit.
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said system memory over said input/output bus and said system bus.
6. The computer system of claim 5, wherein said buffer circuit includes at least two
pairs of sixteen byte buffers, both of said buffers being used for both read and write
operations.
7.  The computer system of claim 1, wherein .said buffer circuit includes a dual ported,
asynchronous, bi-directional storage unit. i
8.  The computer system of claim 1, wherein said system bus supports burst transfers
of read or write data between said bus interface unit and said system memory in
bandwidths of up to sixteen bytes, and wherein said input/output bus supports transfers
of read or write data between said input/output device and said bus interface unit in
bandwidths of up to four bytes.
9. A method of arbitrating between input/output devices residing on an input/output
bus for control of said input/output bus in a computer system, said system further
comprising system memory and a memory controller connected by a memory bus, and a
bus interface unit connected at one end to said input/output bus and at the other end to
said memory controller by a system bus, said method of arbitration comprising the steps
of:

performing an arbitration cycle with a central arbitration control point residing on

said system bus wherein said central arbitration control point arbitrates between
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initiating a read or write operation with said one of said input/output devices to
said system memory over said input/output bus, said bus interface unit, and said memory
bus;

temporarily storing in a buffer circuit in said bus interface unit read or write data
transferred between said system bus and said input/output bus over said bus interface
unit; and

performing a subsequent arbitration cycle simultancously with the completion of
data transfer between said buffer circuit and said system memory over said system bus to
complete said read or write operation, in response to a predetermined set of operating
conditions.
10. The method of claim 9, wherein said system bus transfers read or write data
between said bus interface unit and said system memory in bandwidths of up to sixteen
bytes, ‘and wherein said input/output bus transfers read or write data between said
input/output device and said bus interface unit in bandwidths of up to four bytes.
11. The method of claim 9, wherein said bus interface unit incorporates a dual ported,
asynchronous, bi-directional storage unit.
12.  The method of claim 11, wherein said storage unit includes at least two pairs of
sixteen byte buffers, both of said pairs of buffers.being used for both read and write
operations.
13. The method of claim 11, wherein one of said predetermined series of operating
conditions occurs when said one of said input/output devices reads data from system

memory over said input/output bus and said system bus.
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a bus interface unit electrically connected to a plurality of . input/output devices by
an input/output bus and to said memory controller by a system bus, said system device
able to initiate write operations to said input/output devices over said system bus, said
bus interface unit and said input/output bus, said bus interface unit including a buffer
circuit wherein write data transferred between said system bus and said input/output bus
over said bus interface unif during said write operation is temporarily stored during the
transfer; i

a central arbitration control point residing on said system bus for serially
performing (i) arbitration cycles wherein said central arbitration control point arbitrates
between said input/output devices having requests pending for access to said input/output
bus to determine which of said input/output devices should be granted control of said
input/output bus and (ii) grant cycles wherein said central arbitration control point grants
control of said input/output bus and extends control of said system bus to one of said
input/output devices; and

. bus arbitration control logic included in said bus interface uwhit which permits
" simultaneous occurrence of (i) arbitration cycles by said central arbitratidn control point
and (ii) completion of data transfer between said buffer circuit and said input/output
device over said input/output bus during completion of said write operation.
16. The system of claim 15, wherein said system device is a central processing unit.
17. The system of claim 15, wherein said system device is a direct memory access

controller.
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bus for control of said input/output bus in a computer system, said system further
comprising system memory and a memory controller connected by 2 memory bus, and a
bus interface unit connected at one end to said input/output bus and at the other end to
said memory controller by a system bus, said methed of arbitration comprising the steps
of: |

performing an arbitration cycle with a central arbitration control point residing on
said system bus wherein said central arbitration control point arbitrates between
input/oufput devices requesting access to said input/output bus to determine which of
said input/output devices should be granted control of said input/output bus;

performing a grant cycle wherein said central arbitration control point grants
control of said input/output bus and extends control of said system bus to an input/output
device;

initiating a write operation with a system device attached to said system bus to oﬁe
of said input/output devices over said memory bus, said bus interface unit, and said
input/output bus;

temporarily storing in a buffer circuit in said bus interface unit write data
transferred between said system bus and said input/output bus over said bus interface
unit; and _ |

performing a subsequent arbitration cycle simultaneously with the completion of
data transfer between said buffet circuit and said one of said input/output devices over
said input/output bus to complete said read or write operation.

21. The method of claim 20, wherein said system device is a central processing unit.
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an mput/output bus for control of said input/output bus in a dual bus computer system,

said system further comprising system memory and a memory controller connected by a
memory bus, and a bus interface unit connected at one end to said input/output bus and
at the other end to said memory controller by a system bus, said arbitration mechanism
comprising:

| a central arbitration control point residing on said system bus for serially
performing (i) arbitration cycles wherein said central arbitration control point arbitrates
between input/output devices having requests pending for access to said input/output bus
to determine which of said input/output devices should be granted control of said
input/output bus and (ii) grant cycles wherein said central arbitration control point grants
control of said input/output bus and extends control of said system bus to one of said
input/output devices;

a bus interface unit electrically connected to said memory controller by said system
bus and electrically connected to said input/output devices by said input/output bus, said
input/output devices able to initiate read or write operations to and from said system
memory over said input/output bus, said bus interface unit and said system bus, said bus
interface unit including a buffer circuit wherein read or write data transferred between
said system bus and said input/output bus over said bus interface unit during said read or
write operations is temporarily stored during the transfer; and

bus arbitration control logic included in said bus interface unit which permits

simultaneous occurrence of (i) arbitration cycles by said central arbitration control point
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bus to one of said input/output devices;
other end to said memory controller by a system bus, and a system device attached to

said system bus, said arbitration mechanism comprising:

a central arbitration control point residing on said system bus for serially
performing (i) arbitration cycles wherein said central arbitration control point arbitrates
between input/output devices having requests pending for access to said input/output bus
to determine which of said input/output devices should be granted control of said
input/output bus and (ii) grant cycles wherein said central arbitration control point grants
control of said input/output bus and extends control of said system bus to one of said
input/output devices;

a bus interface unit electrically connected to a plurality of input/output devices by
an input/output bus and to said memory controller said system bus, said system device
able to initiate write operations to said input/output devices over said system bus, said
bus interface unit and said input/output bus, said bus interface unit including a buffer
circuit wherein write data transferred between said system bus and said input/output bus
over said bus interface unit during said write operation is temporarily stored during the
transfer; and

bus arbitration control logic included in said bus interface unit which permits
simultaneous occurrence of (i) arbitration cycles.by said central arbitration control point
and (ii) completion of data transfer between said buffer circuit and said input/output

device over said input/output bus during completion of said write operation.
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A computer system is provided comprising system memory (24, 26) and a memory

controller (58) for controlling access to system memory (24, 26) a central processing

(38) electrically connected with the memory controller (58), and a bus interface unit

unit

(64)

electficall.y_ connected to the memory controller (58) by a system bus and electrically

connected to a plurality of input/output devices (28) by an input/output bus (32). The

interface unit (64) is able to sense when said one of said input/output devices (28)

bus

has

completed a read or write operation- over said input:/output bus (32), and includes a buffer

circuit wherein read and write data transferred between the system but (76) and

the

input/output bus (32) via the bus interface unit is temporarily stored during the transfer.

Arbitration control logic resides in said bus interface unit (64) and interacts with a central

arbitration controller which resides on the system bus (76).

Fig. 1



